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The Perfect 
Economizer Concept
• Not a new concept
• Plot mixed air temperature as a 

function of outdoor air temperature 
for an economizer that was 
working perfectly

• Scatter plot actual mixed air 
temperature as a function of 
outdoor air temperature against it

• Look for shapes in the clouds
More information at: 
https://www.av8rdas.com/ashrae---
engineers-
notebook.html#PerfectEcon

https://www.av8rdas.com/ashrae---engineers-notebook.html#PerfectEcon
https://www.av8rdas.com/ashrae---engineers-notebook.html#PerfectEcon
https://www.av8rdas.com/ashrae---engineers-notebook.html#PerfectEcon
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The Perfect 
Economizer Concept
• Not a new concept
• Plot mixed air temperature as a 

function of outdoor air temperature 
for an economizer that was working 
perfectly

• Scatter plot actual mixed air 
temperature as a function of 
outdoor air temperature against it

• Look for shapes in the clouds
More information at:

https://tinyurl.com/PerfectEconomizer

https://tinyurl.com/PerfectEconomizer
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Mixed Air

Conservation of Mass in a Mixed Air Plenum
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Conservation of Mass in a Mixed Air Plenum

 

Where:

 Mass flow rate for outdoor air in consistent units
 Mass flow rate for return air in consistent units
 Mass flow rate for m

ReturnAir

ReturnAi

OutdoorAir MixedAir

MixedAir

OutdoorAi

r

r

m

m
m

m m

m

+ =

=

=

=





 





ixed air in consistent units



OA

RA

SA

OA = Outdoor Air
RA = Return Air
SA = Supply Air or 
Mixed Air

Conservation of Energy in a Mixed Air Plenum

1 Btu

1 Btu

1 Btu

1 Btu

This is the first law of thermodynamics



Conservation of Energy in a Mixed Air Plenum

If any system undergoes a process in which energy is added or removed 
from it (in the form of work or heat), none of  the energy added is destroyed 
with-in the system and none of the energy removed is created with-in the 
system

Herman Stoever, 
Engineering Thermodynamics

This is the first law of thermodynamics



Conservation of Energy in a Mixed Air Plenum
2 2

1 1 1 1 2 2 2 2
1 2

2 3

2 2

Where:

Heat in Btu/lb
Shaft work, ft-lb/lb

Internal energy, Btu/lb
Flow work; pressure in lb/ft  x specific volume in ft /lb, ft-lb/lb

Mechanical equi

p v z V p v z VWQ u u
J J gJ J J J gJ

Q
W
u
pv
J

+ + + + = + + + +

=
=
=

=
= valent of heat; 778 ft-lb/Btu

Velocity in feet per second
gravitational constant, 32 ft/sec/sec

V
g
=
=

This is the first law of thermodynamics stated mathematically



OA

RA

SA

OA = Outdoor Air
RA = Return Air
SA = Supply Air or 
Mixed Air

Conservation of Mass and Energy in a Mixed Air Plenum

1 lb

1 lb

1 lb

1 lb1 Btu

1 Btu

1 Btu

1 Btu



Conservation of Mass and Energy in a Mixed Air Plenum

2 2
1 1 1 1 2 2 2 2

1 21 22 2

Where the bar over the  and  terms (  and ) means that the heat 
transfer and/or work are being done at some sor

p v z V p v z VWQ m u m u
J J gJ J J J gJ

Q W Q W

      
      + × + + + = + × + + +

            
∑ ∑ 

t of rate, like Btu/hr or 
ft-lb/hr, and the dot over the  term ( ) means a mass flow rate, like
pounds per hour.

The  symbol means that the parameters inside the parenthasis are
totalled up for all of

m m

∑



 the fluid streams on each side of the equation.



Fast Forwarding …



Ta-Da

See https://tinyurl.com/MAPlenumPhysics for the in-between steps
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Assuming perfect mixing

https://tinyurl.com/MAPlenumPhysics


A Few Other Useful Relationships 

( )
32

32

32
%

Where  is the outdoor temperature that will create 

a freezing condtion in the mixed air plenum.
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A Few Other Useful Relationships 

( )
%

Where  is the design mixed air temperature 

for the system and is the outdoor temperature 
that will crea
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A Few Other Useful Relationships 

( )%

Where  is the mixed air temperature created by the 
given outdoor air and return air temperatures and flow 
percentages 

MixedAir

M

OutdoorAir OutdoorAir ReturnAir Ret

ixedAir

urnAirt tt

t

t = × − + 

assuming perfect mixing.

A tool for doing the math:
https://tinyurl.com/MACalcs

https://tinyurl.com/MACalcs


File Not Saved

BAROMETRIC PRESSURE: 29.915 in. HG
ATMOSPHERIC PRESSURE: 14.693 psia

ALTITUDE: 7 FEET

0 5 10 15 20 25

30

35

40

45

50

50

55

55

ENTHALPY - BTU PER POUND OF DRY AIR

0

5

10

15

20

25

30

35

40

45

ENTH
ALP

Y - B
TU

 P
ER P

OUND O
F D

RY A
IR

SATU
RATIO

N TE
MPERATU

RE - °
F

Chart by: AKTON PSYCHROMETRICS, www.aktonassoc.com

-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 10
0

10
5

11
0

11
5

12
0

D
R

Y 
BU

LB
 T

EM
PE

R
AT

U
R

E 
- °

F

.001

.002

.003

.004

.005

.006

.007

.008

.009

.010

.011

.012

.013

.014

.015

.016

.017

.018

.019

.020

.021

.022

.023

.024

.025

15%

25
%

2%
4%
6%
8% RELATIVE HUMIDITY

10

20

30

40

50

60
70

80
90

-5
0

 0
5

5
10

10
15

15
20

20
25

25

30

30

35

35

40

40

45

45

50

50

55

55

60

60

65

65

70

70

75

75

80

80
85

H
U

M
ID

IT
Y 

R
AT

IO
 - 

PO
U

N
D

S 
M

O
IS

TU
R

E 
PE

R
 P

O
U

N
D

 D
R

Y 
AI

R

0

1.0 1.0

:-
2.0

4.08.0-8.0-4.0-2.0-1.0-0.5
-0.4
-0.3
-0.2
-0.1

0.10.20.3

0.4

0.5
0.6

0.8

-2000
-1000

 0

 500

 1000

 1500

 2000

 3000

 5000

-::

SENSIBLE HEAT Qs
TOTAL HEAT Qt

      ENTHALPY
HUMIDITY RATIO

Dh
DW

Outdoor Air

Return Air, Humidified

D:\Blog\2015-09\2015-09-03 Scatter Plots\Mixing for 32°F - Step 1.aad

Chart by: AKTON PSYCHROMETRICS, www.aktonassoc.com

BAROMETRIC PRESSURE: 29.915 in. HG
ATMOSPHERIC PRESSURE: 14.693 psia

ALTITUDE: 7 FEET

Chart by: AKTON PSYCHROMETRICS, www.aktonassoc.com

A Tool for the Math Phobic

Design OAT - -3.2°F/50% RH
Space – 75°F/40% RH
What % of outdoor air will 
result in a 32°F mixed air 
plenum?
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Mixed air temperature (MAT) = 32.0 °F
Return air temperature (RAT) = 75.0 °F

Outdoor air temperature (OAT)= -3.2 °F
Supply flow (SAF) = 20,000 cfm

Outdoor air flow (OA Flow) = 10,997 cfm
Outdoor air percentage = 55%

RA Flow  = 9,003 cfm

Outdoor percentage based on outdoor air, return air, and supply air temperature
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A video illustrating this technique:
https://tinyurl.com/MACalcs ((at the 36 minute point 
and the 1 hour and 4 minute point)

https://tinyurl.com/MACalcs


Mixing Effectiveness 

Mixing effectiveness defines how 
well a mixing plenum mixes air on a 
temperature basis

( )
( )

1

Where:
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Mixing Effectiveness 

It is highly dependent on many, 
many variables
• Damper sizing
• Damper configuration

• Parallel or opposed blade
• Location on the plenum
• Location relative to each 

other
• Distance for mixing to happen
• Outdoor air percentage
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Mixing Effectiveness 

It is highly dependent on many, 
many variables
• Damper sizing
• Damper configuration

• Parallel or opposed blade
• Location on the plenum
• Location relative to each 

other
• Distance for mixing to happen
• Outdoor air percentage

Source: Mixing Effectiveness of AHU Combination 
Mixing/Filter Box with and without Filters by Keith D. 
Robinson, P.E.



Mixing Effectiveness 

It is highly dependent on many, 
many variables
• Damper sizing
• Damper configuration

• Parallel or opposed blade
• Location on the plenum
• Location relative to each 

other
• Distance for mixing to happen
• Outdoor air percentage

Published data
• Mixing Effectiveness of AHU 

Combination Mixing/Filter Box with and 
without Filters by Keith D. Robinson, 
P.E.

• Damper Control Characteristics and 
Mixing Effectiveness of an Air-Handling 
Unit Combination Mixing/Filter Box by 
Keith D. Robinson, P.E.

• ASHRAE Research Project RP-1045;  
Thermal Mixing of Outdoor and Return 
Airflows in Typical Air-Handling Units



Freezestat Sensing Element 
(Typical of 8)

Averaging Temperature 
Sensor Sensing Element

Leaving Side of Preheat Coil Temperature and Velocity 
Measurements at the Filter Bank on the 

Entering Side of the Coil

60-62°F, 1,400 –
1,500 fpm

55-57°F, 475 – 575 fpm
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Filter Row 
Height, inches

Velocity 
reading, fpm

525 Velocity 
reading, fpm

525 Velocity 
reading, fpm

513 Velocity 
reading, fpm

513 Velocity 
reading, fpm

500 Velocity 
reading, fpm

500 Velocity 
reading, fpm

500 Velocity 
reading, fpm

875 Velocity 
reading, fpm

875 Velocity 
reading, fpm

1,250 Velocity 
reading, fpm

1,250

Temperature, °F 56.3 Temperature, °F 56.3 Temperature, °F 54.8 Temperature, °F 54.8 Temperature, °F 53.3 Temperature, °F 53.3 Temperature, °F 53.3 Temperature, °F 54.4 Temperature, °F 54.4 Temperature, °F 55.4 Temperature, °F 55.4

Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00

Flow rate , cfm - 2,100 Flow rate , cfm - 2,100 Flow rate , cfm - 2,050 Flow rate , cfm - 2,050 Flow rate , cfm - 2,000 Flow rate , cfm - 2,000 Flow rate , cfm - 2,000 Flow rate , cfm - 3,500 Flow rate , cfm - 3,500 Flow rate , cfm - 5,000 Flow rate , cfm - 5,000

Flow x 
Temperature

118,230 Flow x 
Temperature

118,230 Flow x 
Temperature

112,340 Flow x 
Temperature

112,340 Flow x 
Temperature

106,600 Flow x 
Temperature

106,600 Flow x 
Temperature

106,600 Flow x 
Temperature

190,225 Flow x 
Temperature

190,225 Flow x 
Temperature

277,000 Flow x 
Temperature

277,000

Filter Row 
Height, inches

Velocity 
reading, fpm

425 Velocity 
reading, fpm

425 Velocity 
reading, fpm

463 Velocity 
reading, fpm

463 Velocity 
reading, fpm

750 Velocity 
reading, fpm

500 Velocity 
reading, fpm

500 Velocity 
reading, fpm

875 Velocity 
reading, fpm

875 Velocity 
reading, fpm

1,250 Velocity 
reading, fpm

1,250

Temperature, °F 56.2 Temperature, °F 56.2 Temperature, °F 54.8 Temperature, °F 54.8 Temperature, °F 58.3 Temperature, °F 53.3 Temperature, °F 53.3 Temperature, °F 58.8 Temperature, °F 58.8 Temperature, °F 64.3 Temperature, °F 64.3

Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00

Flow rate , cfm - 1,700 Flow rate , cfm - 1,700 Flow rate , cfm - 1,850 Flow rate , cfm - 1,850 Flow rate , cfm - 3,000 Flow rate , cfm - 2,000 Flow rate , cfm - 2,000 Flow rate , cfm - 3,500 Flow rate , cfm - 3,500 Flow rate , cfm - 5,000 Flow rate , cfm - 5,000

Flow x 
Temperature

95,540 Flow x 
Temperature

95,540 Flow x 
Temperature

101,288 Flow x 
Temperature

101,288 Flow x 
Temperature

174,900 Flow x 
Temperature

106,600 Flow x 
Temperature

106,600 Flow x 
Temperature

205,800 Flow x 
Temperature

205,800 Flow x 
Temperature

321,500 Flow x 
Temperature

321,500

Filter Row 
Height, inches

Velocity 
reading, fpm

450 Velocity 
reading, fpm

450 Velocity 
reading, fpm

450 Velocity 
reading, fpm

450 Velocity 
reading, fpm

450 Velocity 
reading, fpm

450 Velocity 
reading, fpm

450 Velocity 
reading, fpm

950 Velocity 
reading, fpm

950 Velocity 
reading, fpm

1,450 Velocity 
reading, fpm

1,450

Temperature, °F 57.7 Temperature, °F 57.7 Temperature, °F 59.1 Temperature, °F 59.1 Temperature, °F 60.5 Temperature, °F 60.5 Temperature, °F 60.5 Temperature, °F 62.1 Temperature, °F 62.1 Temperature, °F 63.6 Temperature, °F 63.6

Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00

Flow rate , cfm - 1,800 Flow rate , cfm - 1,800 Flow rate , cfm - 1,800 Flow rate , cfm - 1,800 Flow rate , cfm - 1,800 Flow rate , cfm - 1,800 Flow rate , cfm - 1,800 Flow rate , cfm - 3,800 Flow rate , cfm - 3,800 Flow rate , cfm - 5,800 Flow rate , cfm - 5,800

Flow x 
Temperature

103,860 Flow x 
Temperature

103,860 Flow x 
Temperature

106,380 Flow x 
Temperature

106,380 Flow x 
Temperature

108,900 Flow x 
Temperature

108,900 Flow x 
Temperature

108,900 Flow x 
Temperature

235,790 Flow x 
Temperature

235,790 Flow x 
Temperature

368,880 Flow x 
Temperature

368,880

Filter Row 
Height, inches

Velocity 
reading, fpm

425 Velocity 
reading, fpm

425 Velocity 
reading, fpm

413 Velocity 
reading, fpm

413 Velocity 
reading, fpm

400 Velocity 
reading, fpm

400 Velocity 
reading, fpm

400 Velocity 
reading, fpm

1,000 Velocity 
reading, fpm

1,000 Velocity 
reading, fpm

1,600 Velocity 
reading, fpm

1,600

Temperature, °F 58.0 Temperature, °F 58.0 Temperature, °F 60.3 Temperature, °F 60.3 Temperature, °F 62.6 Temperature, °F 62.6 Temperature, °F 62.6 Temperature, °F 62.2 Temperature, °F 62.2 Temperature, °F 61.7 Temperature, °F 61.7

Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00 Filter area, 
sq.ft.

4.00

Flow rate , cfm - 1,700 Flow rate , cfm - 1,700 Flow rate , cfm - 1,650 Flow rate , cfm - 1,650 Flow rate , cfm - 1,600 Flow rate , cfm - 1,600 Flow rate , cfm - 1,600 Flow rate , cfm - 4,000 Flow rate , cfm - 4,000 Flow rate , cfm - 6,400 Flow rate , cfm - 6,400

Flow x 
Temperature

98,600 Flow x 
Temperature

98,600 Flow x 
Temperature

99,495 Flow x 
Temperature

99,495 Flow x 
Temperature

100,160 Flow x 
Temperature

100,160 Flow x 
Temperature

100,160 Flow x 
Temperature

248,600 Flow x 
Temperature

248,600 Flow x 
Temperature

394,880 Flow x 
Temperature

394,880

24 24 24 24 24
Filter Row Width, inches Filter Row Width, inches Filter Row Width, inches Filter Row Width, inches Filter Row Width, inches Filter Row Width, inchesFilter Column Width, inches Filter Row Width, inches Filter Row Width, inches

24

24

24

24 24 24 24 24 24
Filter Row Width, inches Filter Row Width, inches

24

Filter Row 
Height, inches

Velocity 
reading, fpm

525

Temperature, °F 56.3

Filter area, 
sq.ft.

4.00

Flow rate , cfm - 2,100

Flow x 
Temperature

118,230

24
Filter Column Width, inches

24

24 24 24 24 24 24 24 24 24 24 24

24 56.3 56.3 54.8 54.8 53.3 53.3 53.3 54.4 54.4 55.4 55.4

24 56.2 56.2 54.8 54.8 58.3 53.3 53.3 58.8 58.8 64.3 64.3

24 57.7 57.7 59.1 59.1 60.5 60.5 60.5 62.1 62.1 63.6 63.6

24 58.0 58.0 60.3 60.3 62.6 62.6 62.6 62.2 62.2 61.7 61.7

Temperature Profile HottestColdest
Minimum Maximum

24 24 24 24 24 24 24 24 24 24 24

24 525 525 513 513 500 500 500 875 875 1250 1250

24 425 425 463 463 750 500 500 875 875 1250 1250

24 450 450 450 450 450 450 450 950 950 1450 1450

24 425 425 413 413 400 400 400 1000 1000 1600 1600

Velocity Profile FastestSlowest
Minimum Maximum

40.0 °F  
71.5 °F  

Warmest plenum temperature - 64.3 °F                
Coldest plenum temperature - 53.3 °F                

Mixing effectiveness (see equation to the right) - 0.65

Average return air teperature during the test - 
Average outdoor air temperature during the test - 

   
           
           

       
       



24 24 24 24 24 24 24 24 24 24 24

24 56.3 56.3 54.8 54.8 53.3 53.3 53.3 54.4 54.4 55.4 55.4

24 56.2 56.2 54.8 54.8 58.3 53.3 53.3 58.8 58.8 64.3 64.3

24 57.7 57.7 59.1 59.1 60.5 60.5 60.5 62.1 62.1 63.6 63.6

24 58.0 58.0 60.3 60.3 62.6 62.6 62.6 62.2 62.2 61.7 61.7

Temperature Profile HottestColdest
Minimum Maximum

24 24 24 24 24 24 24 24 24 24 24

24 525 525 513 513 500 500 500 875 875 1250 1250

24 425 425 463 463 750 500 500 875 875 1250 1250

24 450 450 450 450 450 450 450 950 950 1450 1450

24 425 425 413 413 400 400 400 1000 1000 1600 1600

Velocity Profile FastestSlowest
Minimum Maximum

• The average of the MAT measurements was 57.4F
• The mass-weighted MAT (i.e. the true average) was 58.3°F
• The control system “thought” the temperature was 54.6 (the value read 

by the averaging sensor;  the brown line in the carpet plots.
• A rough assessment of the average temperature seen by the averaging 

sensor comes out to about 56.5°F
• A rough assessment of the weighted average temperature seen by the 

averaging sensor comes out to about 56.2°F

40.0 °F  
71.5 °F  

Warmest plenum temperature - 64.3 °F                
Coldest plenum temperature - 53.3 °F                

Mixing effectiveness (see equation to the right) - 0.65

Average return air teperature during the test - 
Average outdoor air temperature during the test - 

   
           
           

       
       



Mixed Air Sensor Bottom Lines
1. The sensor needs to see the true 

mixed air condition
2. This may require multiple 

sensors that are averaged in 
software

3. The stratification test can help 
you understand how many and 
where to locate them

4. Velocity (mass flow) will skew 
even the best of temperature 
readings

5. This is true for diagnostic logging 
and for process control

24 24 24 24 24 24 24 24 24 24 24

24 56.3 56.3 54.8 54.8 53.3 53.3 53.3 54.4 54.4 55.4 55.4

24 56.2 56.2 54.8 54.8 58.3 53.3 53.3 58.8 58.8 64.3 64.3

24 57.7 57.7 59.1 59.1 60.5 60.5 60.5 62.1 62.1 63.6 63.6

24 58.0 58.0 60.3 60.3 62.6 62.6 62.6 62.2 62.2 61.7 61.7

Temperature Profile HottestColdest
Minimum Maximum

24 24 24 24 24 24 24 24 24 24 24

24 525 525 513 513 500 500 500 875 875 1250 1250

24 425 425 463 463 750 500 500 875 875 1250 1250

24 450 450 450 450 450 450 450 950 950 1450 1450

24 425 425 413 413 400 400 400 1000 1000 1600 1600

Velocity Profile FastestSlowest
Minimum Maximum



Important Point

ASHRAE data and personal 
experience indicate that the 
warmest and coldest spot will 
move around in the plenum as 
the outdoor air percentage 
changes
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Same configuration 
with MOA at 30% 

(top) and 15% 
(bottom)

Warm spot

Cold spot



Ke
ith

 P
et

er
so

n
Lo

ok
ed

 a
t m

or
e 

O
A 

pe
rc

en
ta

ge
s 

an
d 

th
e 

im
pa

ct
 o

f f
ilt

er
s

15° No Filters 30° With Filters

30° No Filters 45° With Filters



Ke
ith

 P
et

er
so

n
Lo

ok
ed

 a
t m

or
e 

O
A 

pe
rc

en
ta

ge
s 

an
d 

th
e 

im
pa

ct
 o

f f
ilt

er
s

45° No Filters 60° With Filters

30° No Filters 75° With Filters


Scratch
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Docment dimensions and other parameters in the cells with the dark yellow highlight.  Take photographs and make sketches to supplement the test data and document the physical configuration of the mixed air plenum.  Document the system diagram for the plenum on the results tab in the graph paper area provided.  Note that if you manipulate the text boxes and lines that are already there, the data on this tab will automatically fill in and follow them.

In the test matrix, nsert the filter height and width in inches into the blue boxes for all rows and columns.  The area of each filter will be calculated in the indvidual filter elements and totaled below.  Enter the velocity reading and temperature observed in the yellow area.  The flow rate associated with each filter element and the flow times temperature parameter will be calculated.  Average velocities, total flow, average temperature and mass weighted average temperature (the true average temperature from a conservation of mass and energy standpoint) are caculated where indicated below.  

Note that you need to adjusted the number of rows and columns you actually use in your filter bank modely by adjusting the values in the purple highlighted cells tif you are interested in that information.  For the other calculated values, as long as the input cells (blue and yellow boxes) for rows and columns with out filters are left blank, the result will be correct.  

Note that you will need to click into a cell below the yellow area and arrow key up to enter data because the yellow is created with an autoshape overlayed on the cell to higlight it.  I did that so that you could use the cell formating to higlight the filter elements that are being used for the particular unit you are working on and still have the data entry cells higlighted.

If you enter the average outdoor air temperature and return air temperature that existed during the test into the orange highlighted squares, the average outdoor air flow during the test will be calculated based on conservation of mass and energy.   

100% Mixed air flow x Mixed air temperature =  (Outdoor air % x Outdoor temperature) + ((100-Outdoor air %)x(Return temperature)) 

Solving for  Outdoor Air %:

Outdoor air % =   (MAT- RAT)/(OAT - RAT) 

The equation used is included on the tab "Mixed Air Temp Callcs".  The greater the difference between the outdoor and return temperatures, the more accurate the result.  To understand this consider what would happen if both the outdoor air temperature and the return air temperaure were the same value.

Ideally, you should use the same temperature sensor for measureing the outdoor air temperature and return air temperature as you used for the filter face temperatures. But if you forget to take the other two temperatures, you may be able to get a reasonable estimate of the outdoor  air flow by  checking  trends in the control system for return air temperatures at the time of your test or by making a reasonable assumption about the return temperature.  For example, it would be reasonable to assume the return temperature was about the same as the typical space temperature in the facility.

For outdoor temperature, you may be able to find trend information in the control system.  Or you could use historical data from a nearby weather station that can be found in sources like the National Weather Service or Weather Underground.

The EXAMPLE tabs contain the data and results used to assess a filter bank at Le Conte Annex on the UC Berkeley Campus.




Instructions
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		Developed by David Sellers, Senior Engineer, Facility Dynamics Engineering

		Revision History

		Rev.		Date				Revision

		1. 		Friday March 10, 2023				Origianal version of the spreadsheet, which was developed using my Filter Face Velocity spreadsheet as a starting point (basically, the grid on the "Test Data" tab.



















		Instructions

		1. 		This spreadsheet is intended to support performing a temperature and velocity traverse of a mixed air plenum.  This process is typically used to:

				a		Identify hot and cold spots in a plenum which could lead to frozen coils or nuisance freezestat trips.

				b		Identify temperature patterns in a plenum to assist in the placement of the sensing elements for freezestats and averaging temperature sensors.

				c		Identify velocity and flow patterns in plenums to assess how the average temperature might differ from the true, mass weighted mixed air temperature.

				d		Identify how the temperature and flow patterns shift around as economizer dampers modulate, including the variations in flow that might occur with dampers in different positions.

		2. 		This spreadsheet could also be applied on the discharge side of coil bank to assess how uniformly flow is distributed through the coil by the piping manifold and coil arrrangement and circuiting.

		3. 		The spreadsheet uses the filter bank as a measurement grid and is configured for a filter bank that is 14 modules wide and 13 modules high. This module count has no particular significance other than being the size of the unit I was working on when I first started to develop this.  If the modules were 24" x24" filters, that means the spreadsheet could support a unit that was in the range of 364,000 cfm.  

				If you are using it on a larger unit, you could either modify it to add rows (complicated in that you have to modify a bunch of formulas), use multiple forms to cover the plenum, or let each module represent something besides one filter, like every other filter.

				Similarly, if you were using it on a coil face, you would have to use some other form of reverence to estsablish the grid.  For instance you could mark of even incraments on the coil frame and then tape strings to the marks and run them across the coil to establish the grid.  Or, you could "eyeball" things based on other indicators like the seperators between coils, bolts in the coil frame, etc.

				Generally speaking, the results of your analysis will be better with more points, but the analysis will take longer since more points mean more data to capture.  So, in the field, you need to make an informed decision about how many measurements you will take, perhaps based on some spot measurements.

		4. 		In terms of taking readings, I typically use my Omega Engineering 4-in-1 instrument (pictured to the right) in a mode that displays velocity from the rotating vane anemometer and temperature from the internal temperature sensor (upper picture).  The rotating vane anemometer is the little propeller like part inside the circle.  The internal temperature sensor (as well as a relative humidity sensor) is located behind the little grid to the lower left of the anemometer.

				If you are interested in the Omega instrument, this link should take you to it.











http://www.omega.com/ppt/pptsc.asp?ref=HHF81&Nav=grec03

Side by Side Comparison

		These are screen shots of the test results placed side by side to allow you to compare the results;  If you "Paste Special" - "Linked Picture" they will update if you change something.



































































Test 1 Data
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		Mixing Plenum Test

																														Misc. Notes

				Test date - 												Date:

				Project/System Name - 												Project Name: 

				Project Number - 												Project Number: 

				Test engineer - 												Engineer: 

				Test start time - 

				Test end time - 

				Average outdoor air temperature during the test - 																°F (Field measurement)

				Average return air teperature during the test - 																°F (Field measurement)

		`		Outdoor Air Damper Information

				Target minimum outdoor air percentage - 																Estimate based on design AHU1 flow and related exhaust flow

				Outdoor air damper number of sections - 

				Outdoor air damper number of actuators - 

				Outdoor air damper typical actuator make and model - 

				Outdoor air damper over-all height - 																inches (estimate from drawings and photo)

				Outdoor air damper over-all width - 																inches (estimate from drawings and photo)

				Outdoor air damper nominal face area - 														0.0		sq.ft.

				Outdoor air damper blade type (opposed or parallel;  if parallel note how the blades direct air as they close) - 																 blade		Blade rotation - 

				Outdoor air damper blade orientation - 

				Outdoor air damper blade angle during the test - 

				Outdoor air damper control signal during the test - 

		`		Return Air Damper Information

				Return air damper number of sections - 

				Return air damper number of actuators - 

				Return air damper typical actuator make and model - 

				Return air damper over-all height - 																inches (estimate from photo)

				Return air damper over-all width - 																inches (estimate from photo)

				Return air damper nominal face area - 														0.0		sq.ft.

				Return air damper blade type (opposed or parallel;  if parallel note how the blades direct air as they close) - 																 blade		Blade rotation - 

				Return air damper blade orientation - 

				Return air damper blade angle during the test - 

				Return air damper control signal during the test - 

				Total area for the filter bank (sum of individual element areas) - 														0		sq.ft.

				Total flow for the filter bank (sum of individual elements) - 														0		cfm

				Average velocity for the filter bank (average of individual elements) - 														ERROR:#DIV/0!		fpm

				Number of rows used - 																(13 maximum)

				Number of colums use - 																(14 maximum)

				Average temperature (average of individual temperature readings) - 														ERROR:#DIV/0!		°F

				Mass weighted average temperature (individual temperature readings times related flow divided by total flow) - 														ERROR:#DIV/0!		°F

				Outdoor air % of mixed air flow during test based on temperatures - 														ERROR:#DIV/0!

				Average outdoor air flow during the test based on temperatures - 														ERROR:#DIV/0!		cfm

				Maximum temperature  - 														0.0		°F

				Minimum temperature - 														0.0		°F

				Maximum velocity - 														0		fpm

				Minimum velocity - 														0		fpm

						Filter Column Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches

						Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F
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				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0
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Test 1 Results

		Test 1																														Plenum Picture		Plenum System Diagram (with Test 1 results)

		Test Date - 										Sunday December 31, 1899

		Test Start Time - 										12:00 AM																																																								ERROR:#DIV/0!																														0 Section,  Square Foot, 0 0 Blade Return Air Damper

		Test Finish Time - 										12:00 AM

		Outdoor air damper size - 										0				sq.ft.

		Outdoor air damper sections - 										0

		Outdoor air damper type - 										0 0								Blade

		Outdoor air flow - 										ERROR:#DIV/0!				cfm

		Outdoor air temperature - 										0.0				°F

		Outdoor air % of total - 										ERROR:#DIV/0!				(Design target is %)

		Return air damper size - 										0				sq.ft.

		Return air damper sections - 										0

		Return air damper type - 										0 0								Blade																																																																														Filter bank

		Return air flow - 										ERROR:#DIV/0!				cfm																						ERROR:#DIV/0!

		Return air temperature - 										0.0				°F

		Total air flow - 										0				cfm

		Outdoor air damper velocity - 										ERROR:#DIV/0!				fpm ( at measured total flow an 100% OA)

		Return air damper velocity - 										ERROR:#DIV/0!				fpm (at measured total flow on MOA)

		Mixed air temperature - 										ERROR:#DIV/0!				°F (mass weighted;  true mixed air temperature)

												ERROR:#DIV/0!				°F (average if measurements)

		Maximum temperature - 										0.0				°F																																																														ERROR:#DIV/0!

		Minimum temperature - 										0.0				°F

		Maximum velocity - 										0				fpm

		Minimum velocity - 										0				fpm



		Link to additional photos - 										..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-07																																																		0 Section,  Square Foot, 0 0 Blade Outdoor Air Damper

												..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-11

		Link to field notes - 										LeConte Annex
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Mixed Air Temp Calcs



		Facility Dynamics Headquarters  - 6760 Alexander Bell Drive,  Suite 200,  Columbia, MD 21046, Phone: (410) 290-0900;  www.facilitydynamics.com

		Facility Dynamics Satellite Location  - 8560 North Buchanan Avenue,  Portland, Oregon 97203, Phone: ;  www.facilitydynamics.com

		Engineering Calculation

		Date:		Tuesday April 24, 2012

		Project Name: 		None

		Project Number: 		None

		Engineer: 		David Sellers

		Assumptions

		1. 		Enter appropriate data in the yellow cells in consistent units of measure …

				… and read the results in the blue cells.

				Note that the Supply Air Flow is the flow out of the mixed air plenum.



				Mixed air temperature based on conservation of mass

						Mixed air temperature, °F = 		(((OAT,  °F) x (OA Flow, Cfm)) + ((RAT,  °F) x (RA Flow, Cfm))/SA Flow, Cfm

						Outdoor air temperature (OAT)= 		-20.0		°F

						Return air temperature (RAT) = 		72.0		°F

						Supply flow (SA Flow) = 		25,000		cfm

						Outdoor air flow (OA Flow) = 		5,000		cfm

						RA Flow  = 		20,000		cfm

						Mixed air temperature = 		53.6		°F



				Outdoor air temperature that gives a specified mixed air temperature based on conservation of mass

						Outdoor air temperature, °F = 		(((MAT,  °F) x (SA Flow, Cfm)) - ((RAT,  °F) x (RA Flow, Cfm))/OA Flow, Cfm

						Mixed air temperature (MAT) = 		32.0		°F

						Return air temperature (RAT) = 		75.0		°F

						Supply flow (SAF) = 		18,000		cfm

						Outdoor air flow (OA Flow) = 		9,000		cfm

						RA Flow  = 		9,000		cfm

						Outdoor air temperature (OAT)= 		-11.0		°F



				Outdoor air percentage based on temperatures

						Outdoor air % = 		(MAT- RAT)/(OAT - RAT)

						Mixed air temperature (MAT) = 		64.3		°F

						Return air temperature (RAT) = 		67.0		°F

						Outdoor air temperature (OAT)= 		52.0		°F

						Outdoor air % = 		18%



						100% Mixed air flow x Mixed air temperature = 		(Outdoor air % x Outdoor temperature) + ((100-Outdoor air %)x(Return temperature))
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Example



		Facility Dynamics Headquarters  - 6760 Alexander Bell Drive,  Suite 200,  Columbia, MD 21046, Phone: (410) 290-0900;  www.facilitydynamics.com

		Facility Dynamics Satellite Location  - 8560 North Buchanan Avenue,  Portland, Oregon 97203, Phone: ;  www.facilitydynamics.com

		The tabs that follow this tab are an example of how to use the spreadsheet.  The data comes from facility on the UC Berkeley Campus named "Le Conte Annex".  The facility is part of the UCB Physics department and houses offices, research labs, and teaching labs.  The system we were working with was origianlly a 100% outdoor air system that was retrofitted with an economizer at one point.  The image below is a very rough system diagram that I sketched up in the field.  The face and bypass coil is a steam coil as are is the coil for the hot deck.  There are 4 hot and cold deck ducts, with each duct serving a floor.  Mixing dampers are located at the zone served and as of the time I type this, I do not know if they are volume regulating mixing dampers or not.

Note that the example was done with an earlier version of this spreadsheet tool, so there are some minor differences between what you will see there and what the current version of the spreadsheet will create.





Example Side by Side Comparison

		These are screen shots of the test results placed side by side to allow you to compare the results;  If you "Paste Special" - "Linked Picture" they will update if you change something.



































































Example Test 1 Data



		Facility Dynamics Headquarters  - 6760 Alexander Bell Drive,  Suite 200,  Columbia, MD 21046, Phone: (410) 290-0900;  www.facilitydynamics.com

		Facility Dynamics Satellite Location  - 8560 North Buchanan Avenue,  Portland, Oregon 97203, Phone: ;  www.facilitydynamics.com

		Mixing Plenum Test





































































																														Misc. Notes								Test 1 % of Design		Test 2 % of Design		Test 3 % of Design

				Test date - 												Date:		Friday January 04, 2013

				Project/System Name - 												Project Name: 		Le Conte Annex AHU1 														AHU1 Design Flow - 		47,500		cfm		104%		111%		120%

				Project Number - 												Project Number: 		PEC EBCx Class, Series 8, Session 6b														AHU1 Exhaust - 		9,000		cfm Total

				Test engineer - 												Engineer: 		Maria's Group														Toilet exhaust - 		4,400		cfm

				Test start time - 														12:15 PM														Room 85 - 		1,000		cfm

				Test end time - 														01:20 PM														Room 87 - 		1,000		cfm

				Average outdoor air temperature during the test - 														52.0		°F (Field measurement)												Room S-85 - 		1,000		cfm

				Average return air teperature during the test - 														65.4		°F (Field measurement)												Room S-87 - 		1,000		cfm

		`		Outdoor Air Damper Information																												Room 186A - 		300		cfm

				Target minimum outdoor air percentage - 														19%		Estimate based on design AHU1 flow and related exhaust flow												Room 174 - 		300		cfm

				Outdoor air damper number of sections - 														3

				Outdoor air damper number of actuators - 														1

				Outdoor air damper typical actuator make and model - 														6" pneumatic, Honeywell?

				Outdoor air damper over-all height - 														36.0		inches (estimate from drawings and photo)

				Outdoor air damper over-all width - 														126.0		inches (estimate from drawings and photo)

				Outdoor air damper nominal face area - 														31.5		sq.ft.

				Outdoor air damper blade type (opposed or parallel;  if parallel note how the blades direct air as they close) - 														Opposed		 blade		Blade rotation - 

				Outdoor air damper blade orientation - 														Horizontal

				Outdoor air damper blade angle during the test - 														80° degrees from the horizontal (estimated)

				Outdoor air damper control signal during the test - 														00 hexadecimal in the Microstar

		`		Return Air Damper Information

				Return air damper number of sections - 														2

				Return air damper number of actuators - 														2

				Return air damper typical actuator make and model - 														Johnson 6" pneumatic

				Return air damper over-all height - 														42.0		inches (estimate from photo)

				Return air damper over-all width - 														30.0		inches (estimate from photo)

				Return air damper nominal face area - 														17.5		sq.ft.

				Return air damper blade type (opposed or parallel;  if parallel note how the blades direct air as they close) - 														Opposed		 blade		Blade rotation - 

				Return air damper blade orientation - 														Horizontal

				Return air damper blade angle during the test - 														Not noted

				Return air damper control signal during the test - 														Common signal with the outdoor air damper

				Total area for the filter bank (sum of individual element areas) - 														97		sq.ft.

				Total flow for the filter bank (sum of individual elements) - 														49,467		cfm

				Average velocity for the filter bank (average of individual elements) - 														509		fpm

				Number of rows used - 														5		(13 maximum)

				Number of colums use - 														7		(14 maximum)

				Average temperature (average of individual temperature readings) - 														64.4		°F

				Mass weighted average temperature (individual temperature readings times related flow divided by total flow) - 														64.3		°F

				Outdoor air % of mixed air flow during test based on temperatures - 														8%

				Average outdoor air flow during the test based on temperatures - 														4,021		cfm

				Maximum temperature  - 														66.8		°F

				Minimum temperature - 														62.2		°F

				Maximum velocity - 														721		fpm

				Minimum velocity - 														252		fpm

		Note - Suspect that the field reading of 61.7°F for the filter in the 4th row, fifth column was an error given the pattern around that particular filter (highlighted in dark yellow with a red boarder).  Changed it to the average of the fitlers around it.

						Filter Column Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches

						20				20				20				20				20				20				20				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used

				Filter Row Height, inches		Velocity reading, fpm		526		Velocity reading, fpm		506		Velocity reading, fpm		604		Velocity reading, fpm		564		Velocity reading, fpm		623		Velocity reading, fpm		604		Velocity reading, fpm		447		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		62.5		Temperature, °F		63.8		Temperature, °F		63.1		Temperature, °F		63.3		Temperature, °F		64.2		Temperature, °F		64.5		Temperature, °F		64.5		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,461		Flow rate , cfm - 		1,406		Flow rate , cfm - 		1,678		Flow rate , cfm - 		1,567		Flow rate , cfm - 		1,731		Flow rate , cfm - 		1,678		Flow rate , cfm - 		1,242		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		91,319		Flow x Temperature		89,674		Flow x Temperature		105,868		Flow x Temperature		99,170		Flow x Temperature		111,102		Flow x Temperature		108,217		Flow x Temperature		80,088		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		604		Velocity reading, fpm		681		Velocity reading, fpm		604		Velocity reading, fpm		663		Velocity reading, fpm		663		Velocity reading, fpm		506		Velocity reading, fpm		526		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		64.0		Temperature, °F		62.3		Temperature, °F		63.5		Temperature, °F		64.2		Temperature, °F		64.7		Temperature, °F		65.3		Temperature, °F		64.9		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,678		Flow rate , cfm - 		1,892		Flow rate , cfm - 		1,678		Flow rate , cfm - 		1,842		Flow rate , cfm - 		1,842		Flow rate , cfm - 		1,406		Flow rate , cfm - 		1,461		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		107,378		Flow x Temperature		117,851		Flow x Temperature		106,539		Flow x Temperature		118,235		Flow x Temperature		119,156		Flow x Temperature		91,783		Flow x Temperature		94,826		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		721		Velocity reading, fpm		447		Velocity reading, fpm		272		Velocity reading, fpm		252		Velocity reading, fpm		447		Velocity reading, fpm		409		Velocity reading, fpm		429		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		62.2		Temperature, °F		62.4		Temperature, °F		63.8		Temperature, °F		65.1		Temperature, °F		64.9		Temperature, °F		65.0		Temperature, °F		66.0		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		2,003		Flow rate , cfm - 		1,242		Flow rate , cfm - 		756		Flow rate , cfm - 		700		Flow rate , cfm - 		1,242		Flow rate , cfm - 		1,136		Flow rate , cfm - 		1,192		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		124,573		Flow x Temperature		77,480		Flow x Temperature		48,204		Flow x Temperature		45,570		Flow x Temperature		80,584		Flow x Temperature		73,847		Flow x Temperature		78,650		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		584		Velocity reading, fpm		487		Velocity reading, fpm		546		Velocity reading, fpm		526		Velocity reading, fpm		447		Velocity reading, fpm		623		Velocity reading, fpm		526		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		63.3		Temperature, °F		65.7		Temperature, °F		63.3		Temperature, °F		64.0		Temperature, °F		65.3		Temperature, °F		66.8		Temperature, °F		66.2		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,622		Flow rate , cfm - 		1,353		Flow rate , cfm - 		1,517		Flow rate , cfm - 		1,461		Flow rate , cfm - 		1,242		Flow rate , cfm - 		1,731		Flow rate , cfm - 		1,461		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		102,687		Flow x Temperature		88,878		Flow x Temperature		96,005		Flow x Temperature		93,511		Flow x Temperature		81,112		Flow x Temperature		115,601		Flow x Temperature		96,726		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		429		Velocity reading, fpm		389		Velocity reading, fpm		405		Velocity reading, fpm		405		Velocity reading, fpm		546		Velocity reading, fpm		350		Velocity reading, fpm		447		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		64.7		Temperature, °F		64.5		Temperature, °F		64.2		Temperature, °F		64.4		Temperature, °F		65.6		Temperature, °F		66.3		Temperature, °F		66.3		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,192		Flow rate , cfm - 		1,081		Flow rate , cfm - 		1,125		Flow rate , cfm - 		1,125		Flow rate , cfm - 		1,517		Flow rate , cfm - 		972		Flow rate , cfm - 		1,242		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		77,101		Flow x Temperature		69,696		Flow x Temperature		72,225		Flow x Temperature		72,450		Flow x Temperature		99,493		Flow x Temperature		64,458		Flow x Temperature		82,323		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0
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Docment dimensions and other parameters in the cells with the dark yellow highlight.  Take photographs and make sketches to supplement the test data and document the physical configuration of the mixed air plenum.  Document the system diagram for the plenum on the results tab in the graph paper area provided.  Note that if you manipulate the text boxes and lines that are already there, the data on this tab will automatically fill in and follow them.

In the test matrix, nsert the filter height and width in inches into the blue boxes for all rows and columns.  The area of each filter will be calculated in the indvidual filter elements and totaled below.  Enter the velocity reading and temperature observed in the yellow area.  The flow rate associated with each filter element and the flow times temperature parameter will be calculated.  Average velocities, total flow, average temperature and mass weighted average temperature (the true average temperature from a conservation of mass and energy standpoint) are caculated where indicated below.  

Note that you need to adjusted the number of rows and columns you actually use in your filter bank modely by adjusting the values in the purple highlighted cells tif you are interested in that information.  For the other calculated values, as long as the input cells (blue and yellow boxes) for rows and columns with out filters are left blank, the result will be correct.  

Note that you will need to click into a cell below the yellow area and arrow key up to enter data because the yellow is created with an autoshape overlayed on the cell to higlight it.  I did that so that you could use the cell formating to higlight the filter elements that are being used for the particular unit you are working on and still have the data entry cells higlighted.

If you enter the average outdoor air temperature and return air temperature that existed during the test into the orange highlighted squares, the average outdoor air flow during the test will be calculated based on conservation of mass and energy.   

100% Mixed air flow x Mixed air temperature =  (Outdoor air % x Outdoor temperature) + ((100-Outdoor air %)x(Return temperature)) 

Solving for  Outdoor Air %:

Outdoor air % =   (MAT- RAT)/(OAT - RAT) 

The equation used is included on the tab "Mixed Air Temp Callcs".  The greater the difference between the outdoor and return temperatures, the more accurate the result.  To understand this consider what would happen if both the outdoor air temperature and the return air temperaure were the same value.

Ideally, you should use the same temperature sensor for measureing the outdoor air temperature and return air temperature as you used for the filter face temperatures. But if you forget to take the other two temperatures, you may be able to get a reasonable estimate of the outdoor  air flow by  checking  trends in the control system for return air temperatures at the time of your test or by making a reasonable assumption about the return temperature.  For example, it would be reasonable to assume the return temperature was about the same as the typical space temperature in the facility.

For outdoor temperature, you may be able to find trend information in the control system.  Or you could use historical data from a nearby weather station that can be found in sources like the National Weather Service or Weather Underground.

The EXAMPLE tabs contain the data and results used to assess a filter bank at Le Conte Annex on the UC Berkeley Campus.




Example Test 1 Results

		Test 1										Maria's Group																				Plenum Picture		Plenum System Diagram (with Test 1 results)

		Test Date - 										Friday January 04, 2013

		Test Start Time - 										12:15 PM																																																								45,446 cfm of return air at 65.4°F																														2 Section, 18 Square Foot, Horizontal Opposed Blade Return Air Damper

		Test Finish Time - 										1:20 PM

		Outdoor air damper size - 										32				sq.ft.

		Outdoor air damper sections - 										3

		Outdoor air damper type - 										Horizontal Opposed								Blade

		Outdoor air flow - 										4,021				cfm

		Outdoor air temperature - 										52.0				°F

		Outdoor air % of total - 										8%				(Design target is 19%)

		Return air damper size - 										18				sq.ft.

		Return air damper sections - 										2

		Return air damper type - 										Horizontal Opposed								Blade																																																																														Filter bank

		Return air flow - 										45,446				cfm																						4,021 of outdoor air at 52.°F

		Return air temperature - 										65.4				°F

		Total air flow - 										49,467				cfm

		Outdoor air damper velocity - 										1,570				fpm ( at measured total flow an 100% OA)

		Return air damper velocity - 										2,291				fpm (at measured total flow on MOA)

		Mixed air temperature - 										64.3				°F (mass weighted;  true mixed air temperature)

												64.4				°F (average if measurements)

		Maximum temperature - 										66.8				°F																																																														49,467 cfm of mixed air at 64.3 °F

		Minimum temperature - 										62.2				°F

		Maximum velocity - 										721				fpm

		Minimum velocity - 										252				fpm



		Link to additional photos - 										..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-07																																																		3 Section, 32 Square Foot, Horizontal Opposed Blade Outdoor Air Damper

												..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-11

		Link to field notes - 										LeConte Annex





		Temperature Profile										Coldest						Hottest						Minimum				Maximum

				20		20		20		20		20		20		20		 		 		 		 		 		 		 

		20		62.5		63.8		63.1		63.3		64.2		64.5		64.5		 		 		 		 		 		 		 

		20		64.0		62.3		63.5		64.2		64.7		65.3		64.9		 		 		 		 		 		 		 

		20		62.2		62.4		63.8		65.1		64.9		65.0		66.0		 		 		 		 		 		 		 

		20		63.3		65.7		63.3		64.0		65.3		66.8		66.2		 		 		 		 		 		 		 

		20		64.7		64.5		64.2		64.4		65.6		66.3		66.3		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		Velocity Profile										Slowest						Fastest						Minimum				Maximum

				20		20		20		20		20		20		20		 		 		 		 		 		 		 

		20		526		506		604		564		623		604		447		 		 		 		 		 		 		 

		20		604		681		604		663		663		506		526		 		 		 		 		 		 		 

		20		721		447		272		252		447		409		429		 		 		 		 		 		 		 

		20		584		487		546		526		447		623		526		 		 		 		 		 		 		 

		20		429		389		405		405		546		350		447		 		 		 		 		 		 		 
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Example Test 2 Data
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		Mixing Plenum Test







































































				Test date - 												Date:		Friday January 04, 2013												Misc. Notes

				Project/System Name - 												Project Name: 		Le Conte Annex AHU1 														AHU1 Design Flow - 		47,500		cfm

				Project Number - 												Project Number: 		PEC EBCx Class, Series 8, Session 6b														AHU1 Exhaust - 		9,000		cfm Total

				Test engineer - 												Engineer: 		Kathy's Group														Toilet exhaust - 		4,400		cfm

				Test start time - 														01:20 PM														Room 85 - 		1,000		cfm

				Test end time - 														02:25 PM														Room 87 - 		1,000		cfm

				Average outdoor air temperature during the test - 														52.0		°F (Field measurement)												Room S-85 - 		1,000		cfm

				Average return air teperature during the test - 														69.8		°F (Field measurement)												Room S-87 - 		1,000		cfm

		`		Outdoor Air Damper Information																												Room 186A - 		300		cfm

				Target minimum outdoor air percentage - 														19%		Estimate based on design AHU1 flow and related exhaust flow												Room 174 - 		300		cfm

				Outdoor air damper number of sections - 														3

				Outdoor air damper number of actuators - 														1

				Outdoor air damper typical actuator make and model - 														6" pneumatic, Honeywell?

				Outdoor air damper over-all height - 														36.0		inches (estimate from drawings and photo)

				Outdoor air damper over-all width - 														126.0		inches (estimate from drawings and photo)

				Outdoor air damper nominal face area - 														31.5		sq.ft.

				Outdoor air damper blade type (opposed or parallel;  if parallel note how the blades direct air as they close) - 														Opposed		 blade		Blade rotation - 

				Outdoor air damper blade orientation - 														Horizontal

				Outdoor air damper blade angle during the test - 														60° degrees from the horizontal (estimated)

				Outdoor air damper control signal during the test - 														10 hexadecimal in the Microstar

		`		Return Air Damper Information

				Return air damper number of sections - 														2

				Return air damper number of actuators - 														2

				Return air damper typical actuator make and model - 														Johnson 6" pneumatic

				Return air damper over-all height - 														42.0		inches (estimate from photo)

				Return air damper over-all width - 														30.0		inches (estimate from photo)

				Return air damper nominal face area - 														17.5		sq.ft.

				Return air damper blade type (opposed or parallel;  if parallel note how the blades direct air as they close) - 														Opposed		 blade		Blade rotation - 

				Return air damper blade orientation - 														Horizontal

				Return air damper blade angle during the test - 														Not noted

				Return air damper control signal during the test - 														Common signal with the outdoor air damper

				Total area for the filter bank (sum of individual element areas) - 														97		sq.ft.

				Total flow for the filter bank (sum of individual elements) - 														52,639		cfm

				Average velocity for the filter bank (average of individual elements) - 														541		fpm

				Number of rows used - 														5		(13 maximum)

				Number of colums use - 														7		(14 maximum)

				Average temperature (average of individual temperature readings) - 														64.3		°F

				Mass weighted average temperature (individual temperature readings times related flow divided by total flow) - 														64.3		°F

				Outdoor air % of mixed air flow during test based on temperatures - 														31%

				Average outdoor air flow during the test based on temperatures - 														16,275		cfm

				Maximum temperature  - 														69.9		°F

				Minimum temperature - 														60.0		°F

				Maximum velocity - 														701		fpm

				Minimum velocity - 														350		fpm

						Filter Column Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches

						20				20				20				20				20				20				20				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used

				Filter Row Height, inches		Velocity reading, fpm		584		Velocity reading, fpm		409		Velocity reading, fpm		584		Velocity reading, fpm		584		Velocity reading, fpm		623		Velocity reading, fpm		526		Velocity reading, fpm		506		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		60.9		Temperature, °F		60.8		Temperature, °F		63.5		Temperature, °F		64.7		Temperature, °F		64.9		Temperature, °F		65.4		Temperature, °F		66.9		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,622		Flow rate , cfm - 		1,136		Flow rate , cfm - 		1,622		Flow rate , cfm - 		1,622		Flow rate , cfm - 		1,731		Flow rate , cfm - 		1,461		Flow rate , cfm - 		1,406		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		98,793		Flow x Temperature		69,076		Flow x Temperature		103,011		Flow x Temperature		104,958		Flow x Temperature		112,313		Flow x Temperature		95,557		Flow x Temperature		94,032		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		623		Velocity reading, fpm		567		Velocity reading, fpm		604		Velocity reading, fpm		564		Velocity reading, fpm		584		Velocity reading, fpm		650		Velocity reading, fpm		526		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		60.2		Temperature, °F		61.8		Temperature, °F		63.3		Temperature, °F		64.7		Temperature, °F		64.4		Temperature, °F		65.9		Temperature, °F		66.5		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,731		Flow rate , cfm - 		1,575		Flow rate , cfm - 		1,678		Flow rate , cfm - 		1,567		Flow rate , cfm - 		1,622		Flow rate , cfm - 		1,806		Flow rate , cfm - 		1,461		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		104,179		Flow x Temperature		97,335		Flow x Temperature		106,203		Flow x Temperature		101,363		Flow x Temperature		104,471		Flow x Temperature		118,986		Flow x Temperature		97,164		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		604		Velocity reading, fpm		584		Velocity reading, fpm		506		Velocity reading, fpm		389		Velocity reading, fpm		506		Velocity reading, fpm		584		Velocity reading, fpm		701		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		60.8		Temperature, °F		61.5		Temperature, °F		64.0		Temperature, °F		65.1		Temperature, °F		69.9		Temperature, °F		66.3		Temperature, °F		66.5		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,678		Flow rate , cfm - 		1,622		Flow rate , cfm - 		1,406		Flow rate , cfm - 		1,081		Flow rate , cfm - 		1,406		Flow rate , cfm - 		1,622		Flow rate , cfm - 		1,947		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		102,009		Flow x Temperature		99,767		Flow x Temperature		89,956		Flow x Temperature		70,344		Flow x Temperature		98,248		Flow x Temperature		107,553		Flow x Temperature		129,490		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		564		Velocity reading, fpm		564		Velocity reading, fpm		564		Velocity reading, fpm		564		Velocity reading, fpm		370		Velocity reading, fpm		584		Velocity reading, fpm		564		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		60.0		Temperature, °F		60.9		Temperature, °F		64.0		Temperature, °F		64.9		Temperature, °F		66.2		Temperature, °F		66.7		Temperature, °F		66.7		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,567		Flow rate , cfm - 		1,567		Flow rate , cfm - 		1,567		Flow rate , cfm - 		1,567		Flow rate , cfm - 		1,028		Flow rate , cfm - 		1,622		Flow rate , cfm - 		1,567		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		94,000		Flow x Temperature		95,410		Flow x Temperature		100,267		Flow x Temperature		101,677		Flow x Temperature		68,039		Flow x Temperature		108,202		Flow x Temperature		104,497		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		429		Velocity reading, fpm		350		Velocity reading, fpm		467		Velocity reading, fpm		487		Velocity reading, fpm		584		Velocity reading, fpm		564		Velocity reading, fpm		487		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		60.0		Temperature, °F		61.7		Temperature, °F		64.4		Temperature, °F		65.4		Temperature, °F		66.7		Temperature, °F		67.1		Temperature, °F		67.1		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,192		Flow rate , cfm - 		972		Flow rate , cfm - 		1,297		Flow rate , cfm - 		1,353		Flow rate , cfm - 		1,622		Flow rate , cfm - 		1,567		Flow rate , cfm - 		1,353		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		71,500		Flow x Temperature		59,986		Flow x Temperature		83,541		Flow x Temperature		88,472		Flow x Temperature		108,202		Flow x Temperature		105,123		Flow x Temperature		90,771		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0
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Docment dimensions and other parameters in the cells with the dark yellow highlight.  Take photographs and make sketches to supplement the test data and document the physical configuration of the mixed air plenum.  Document the system diagram for the plenum on the results tab in the graph paper area provided.  Note that if you manipulate the text boxes and lines that are already there, the data on this tab will automatically fill in and follow them.

In the test matrix, nsert the filter height and width in inches into the blue boxes for all rows and columns.  The area of each filter will be calculated in the indvidual filter elements and totaled below.  Enter the velocity reading and temperature observed in the yellow area.  The flow rate associated with each filter element and the flow times temperature parameter will be calculated.  Average velocities, total flow, average temperature and mass weighted average temperature (the true average temperature from a conservation of mass and energy standpoint) are caculated where indicated below.  

Note that you need to adjusted the number of rows and columns you actually use in your filter bank modely by adjusting the values in the purple highlighted cells tif you are interested in that information.  For the other calculated values, as long as the input cells (blue and yellow boxes) for rows and columns with out filters are left blank, the result will be correct.  

Note that you will need to click into a cell below the yellow area and arrow key up to enter data because the yellow is created with an autoshape overlayed on the cell to higlight it.  I did that so that you could use the cell formating to higlight the filter elements that are being used for the particular unit you are working on and still have the data entry cells higlighted.

If you enter the average outdoor air temperature and return air temperature that existed during the test into the orange highlighted squares, the average outdoor air flow during the test will be calculated based on conservation of mass and energy.   

100% Mixed air flow x Mixed air temperature =  (Outdoor air % x Outdoor temperature) + ((100-Outdoor air %)x(Return temperature)) 

Solving for  Outdoor Air %:

Outdoor air % =   (MAT- RAT)/(OAT - RAT) 

The equation used is included on the tab "Mixed Air Temp Callcs".  The greater the difference between the outdoor and return temperatures, the more accurate the result.  To understand this consider what would happen if both the outdoor air temperature and the return air temperaure were the same value.

Ideally, you should use the same temperature sensor for measureing the outdoor air temperature and return air temperature as you used for the filter face temperatures. But if you forget to take the other two temperatures, you may be able to get a reasonable estimate of the outdoor  air flow by  checking  trends in the control system for return air temperatures at the time of your test or by making a reasonable assumption about the return temperature.  For example, it would be reasonable to assume the return temperature was about the same as the typical space temperature in the facility.

For outdoor temperature, you may be able to find trend information in the control system.  Or you could use historical data from a nearby weather station that can be found in sources like the National Weather Service or Weather Underground.

The EXAMPLE tabs contain the data and results used to assess a filter bank at Le Conte Annex on the UC Berkeley Campus.




Example Test 2 Results

		Test 2										Kathy's Group																				Plenum Picture		Plenum System Diagram (with Test 2 results)

		Test Date - 										Friday January 04, 2013

		Test Start Time - 										1:20 PM																																																								36,364 cfm of return air at 69.8°F																														2 Section, 18 Square Foot, Horizontal Opposed Blade Return Air Damper

		Test Finish Time - 										2:25 PM

		Outdoor air damper size - 										32				sq.ft.

		Outdoor air damper sections - 										3

		Outdoor air damper type - 										Horizontal Opposed								Blade

		Outdoor air flow - 										16,275				cfm

		Outdoor air temperature - 										52.0				°F

		Outdoor air % of total - 										31%				(Design target is 19%)

		Return air damper size - 										18				sq.ft.

		Return air damper sections - 										2

		Return air damper type - 										Horizontal Opposed								Blade																																																																														Filter bank

		Return air flow - 										36,364				cfm																						16,275 of outdoor air at 52.°F

		Return air temperature - 										69.8				°F

		Total air flow - 										52,639				cfm

		Outdoor air damper velocity - 										1,671				fpm ( at measured total flow an 100% OA)

		Return air damper velocity - 										2,438				fpm (at measured total flow on MOA)

		Mixed air temperature - 										64.3				°F (mass weighted;  true mixed air temperature)

												64.3				°F (average if measurements)

		Maximum temperature - 										69.9				°F																																																														52,639 cfm of mixed air at 64.3 °F

		Minimum temperature - 										60.0				°F

		Maximum velocity - 										701				fpm

		Minimum velocity - 										350				fpm



		Link to additional photos - 										..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-07																																																		3 Section, 32 Square Foot, Horizontal Opposed Blade Outdoor Air Damper

												..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-11

		Link to field notes - 										..\LeConte Annex





		Temperature Profile										Coldest						Hottest						Minimum				Maximum

				20		20		20		20		20		20		20		 		 		 		 		 		 		 

		20		60.9		60.8		63.5		64.7		64.9		65.4		66.9		 		 		 		 		 		 		 

		20		60.2		61.8		63.3		64.7		64.4		65.9		66.5		 		 		 		 		 		 		 

		20		60.8		61.5		64.0		65.1		69.9		66.3		66.5		 		 		 		 		 		 		 

		20		60.0		60.9		64.0		64.9		66.2		66.7		66.7		 		 		 		 		 		 		 

		20		60.0		61.7		64.4		65.4		66.7		67.1		67.1		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		Velocity Profile										Slowest						Fastest						Minimum				Maximum

				20		20		20		20		20		20		20		 		 		 		 		 		 		 

		20		584		409		584		584		623		526		506		 		 		 		 		 		 		 

		20		623		567		604		564		584		650		526		 		 		 		 		 		 		 

		20		604		584		506		389		506		584		701		 		 		 		 		 		 		 

		20		564		564		564		564		370		584		564		 		 		 		 		 		 		 

		20		429		350		467		487		584		564		487		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 



../../../../../Technical%20Pictures/UCB%20-%20Le%20Conte%20Annex/2013-01-07../../../../../Technical%20Pictures/UCB%20-%20Le%20Conte%20Annex/2013-01-07../LeConte%20Annex

Example Test 3 Data



		Facility Dynamics Headquarters  - 6760 Alexander Bell Drive,  Suite 200,  Columbia, MD 21046, Phone: (410) 290-0900;  www.facilitydynamics.com

		Facility Dynamics Satellite Location  - 8560 North Buchanan Avenue,  Portland, Oregon 97203, Phone: ;  www.facilitydynamics.com

		Mixing Plenum Test







































































				Test date - 												Date:		Friday January 04, 2013												Misc. Notes

				Project/System Name - 												Project Name: 		Le Conte Annex AHU1 														AHU1 Design Flow - 		47,500		cfm

				Project Number - 												Project Number: 		PEC EBCx Class, Series 8, Session 6b														AHU1 Exhaust - 		9,000		cfm Total

				Test engineer - 												Engineer: 		Dan's Group														Toilet exhaust - 		4,400		cfm

				Test start time - 														02:25 PM														Room 85 - 		1,000		cfm

				Test end time - 														03:30 PM														Room 87 - 		1,000		cfm

				Average outdoor air temperature during the test - 														52.0		°F (Field measurement)												Room S-85 - 		1,000		cfm

				Average return air teperature during the test - 														69.8		°F (Field measurement)												Room S-87 - 		1,000		cfm

		`		Outdoor Air Damper Information																												Room 186A - 		300		cfm

				Target minimum outdoor air percentage - 														19%		Estimate based on design AHU1 flow and related exhaust flow												Room 174 - 		300		cfm

				Outdoor air damper number of sections - 														3

				Outdoor air damper number of actuators - 														1

				Outdoor air damper typical actuator make and model - 														6" pneumatic, Honeywell?

				Outdoor air damper over-all height - 														36.0		inches (estimate from drawings and photo)

				Outdoor air damper over-all width - 														126.0		inches (estimate from drawings and photo)

				Outdoor air damper nominal face area - 														31.5		sq.ft.

				Outdoor air damper blade type (opposed or parallel;  if parallel note how the blades direct air as they close) - 														Opposed		 blade		Blade rotation - 

				Outdoor air damper blade orientation - 														Horizontal

				Outdoor air damper blade angle during the test - 														30° degrees from the horizontal (estimated)

				Outdoor air damper control signal during the test - 														80 hexadecimal in the Microstar

		`		Return Air Damper Information

				Return air damper number of sections - 														2

				Return air damper number of actuators - 														2

				Return air damper typical actuator make and model - 														Johnson 6" pneumatic

				Return air damper over-all height - 														42.0		inches (estimate from photo)

				Return air damper over-all width - 														30.0		inches (estimate from photo)

				Return air damper nominal face area - 														17.5		sq.ft.

				Return air damper blade type (opposed or parallel;  if parallel note how the blades direct air as they close) - 														Opposed		 blade		Blade rotation - 

				Return air damper blade orientation - 														Horizontal

				Return air damper blade angle during the test - 														Not noted

				Return air damper control signal during the test - 														Common signal with the outdoor air damper

				Total area for the filter bank (sum of individual element areas) - 														97		sq.ft.

				Total flow for the filter bank (sum of individual elements) - 														57,114		cfm

				Average velocity for the filter bank (average of individual elements) - 														587		fpm

				Number of rows used - 														5		(13 maximum)

				Number of colums use - 														7		(14 maximum)

				Average temperature (average of individual temperature readings) - 														55.3		°F

				Mass weighted average temperature (individual temperature readings times related flow divided by total flow) - 														55.1		°F

				Outdoor air % of mixed air flow during test based on temperatures - 														83%

				Average outdoor air flow during the test based on temperatures - 														47,244		cfm

				Maximum temperature  - 														59.3		°F

				Minimum temperature - 														51.8		°F

				Maximum velocity - 														945		fpm

				Minimum velocity - 														272		fpm

						Filter Column Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches

						20				20				20				20				20				20				20				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used

				Filter Row Height, inches		Velocity reading, fpm		331		Velocity reading, fpm		350		Velocity reading, fpm		272		Velocity reading, fpm		643		Velocity reading, fpm		779		Velocity reading, fpm		643		Velocity reading, fpm		632		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		57.5		Temperature, °F		57.3		Temperature, °F		57.0		Temperature, °F		55.4		Temperature, °F		53.9		Temperature, °F		52.7		Temperature, °F		52.5		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		919		Flow rate , cfm - 		972		Flow rate , cfm - 		756		Flow rate , cfm - 		1,786		Flow rate , cfm - 		2,164		Flow rate , cfm - 		1,786		Flow rate , cfm - 		1,756		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		52,868		Flow x Temperature		55,708		Flow x Temperature		43,067		Flow x Temperature		98,951		Flow x Temperature		116,634		Flow x Temperature		94,128		Flow x Temperature		92,167		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		350		Velocity reading, fpm		292		Velocity reading, fpm		370		Velocity reading, fpm		741		Velocity reading, fpm		945		Velocity reading, fpm		799		Velocity reading, fpm		653		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		57.5		Temperature, °F		57.9		Temperature, °F		57.0		Temperature, °F		55.9		Temperature, °F		53.9		Temperature, °F		52.7		Temperature, °F		52.1		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		972		Flow rate , cfm - 		811		Flow rate , cfm - 		1,028		Flow rate , cfm - 		2,058		Flow rate , cfm - 		2,625		Flow rate , cfm - 		2,219		Flow rate , cfm - 		1,814		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		55,903		Flow x Temperature		46,963		Flow x Temperature		58,583		Flow x Temperature		115,061		Flow x Temperature		141,488		Flow x Temperature		116,965		Flow x Temperature		94,504		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		800		Velocity reading, fpm		604		Velocity reading, fpm		429		Velocity reading, fpm		760		Velocity reading, fpm		858		Velocity reading, fpm		643		Velocity reading, fpm		701		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		58.4		Temperature, °F		58.1		Temperature, °F		57.0		Temperature, °F		57.9		Temperature, °F		54.1		Temperature, °F		52.5		Temperature, °F		52.5		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		2,222		Flow rate , cfm - 		1,678		Flow rate , cfm - 		1,192		Flow rate , cfm - 		2,111		Flow rate , cfm - 		2,383		Flow rate , cfm - 		1,786		Flow rate , cfm - 		1,947		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		129,778		Flow x Temperature		97,479		Flow x Temperature		67,925		Flow x Temperature		122,233		Flow x Temperature		128,938		Flow x Temperature		93,771		Flow x Temperature		102,229		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		681		Velocity reading, fpm		487		Velocity reading, fpm		604		Velocity reading, fpm		663		Velocity reading, fpm		741		Velocity reading, fpm		663		Velocity reading, fpm		604		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		58.8		Temperature, °F		57.9		Temperature, °F		58.1		Temperature, °F		55.4		Temperature, °F		53.7		Temperature, °F		52.5		Temperature, °F		51.8		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,892		Flow rate , cfm - 		1,353		Flow rate , cfm - 		1,678		Flow rate , cfm - 		1,842		Flow rate , cfm - 		2,058		Flow rate , cfm - 		1,842		Flow rate , cfm - 		1,678		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		111,230		Flow x Temperature		78,326		Flow x Temperature		97,479		Flow x Temperature		102,028		Flow x Temperature		110,533		Flow x Temperature		96,688		Flow x Temperature		86,909		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		467		Velocity reading, fpm		487		Velocity reading, fpm		623		Velocity reading, fpm		389		Velocity reading, fpm		447		Velocity reading, fpm		487		Velocity reading, fpm		623		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		59.3		Temperature, °F		57.3		Temperature, °F		55.7		Temperature, °F		54.3		Temperature, °F		52.7		Temperature, °F		52.3		Temperature, °F		52.8		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,297		Flow rate , cfm - 		1,353		Flow rate , cfm - 		1,731		Flow rate , cfm - 		1,081		Flow rate , cfm - 		1,242		Flow rate , cfm - 		1,353		Flow rate , cfm - 		1,731		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		76,925		Flow x Temperature		77,514		Flow x Temperature		96,392		Flow x Temperature		58,674		Flow x Temperature		65,436		Flow x Temperature		70,750		Flow x Temperature		91,373		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0
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Docment dimensions and other parameters in the cells with the dark yellow highlight.  Take photographs and make sketches to supplement the test data and document the physical configuration of the mixed air plenum.  Document the system diagram for the plenum on the results tab in the graph paper area provided.  Note that if you manipulate the text boxes and lines that are already there, the data on this tab will automatically fill in and follow them.

In the test matrix, nsert the filter height and width in inches into the blue boxes for all rows and columns.  The area of each filter will be calculated in the indvidual filter elements and totaled below.  Enter the velocity reading and temperature observed in the yellow area.  The flow rate associated with each filter element and the flow times temperature parameter will be calculated.  Average velocities, total flow, average temperature and mass weighted average temperature (the true average temperature from a conservation of mass and energy standpoint) are caculated where indicated below.  

Note that you need to adjusted the number of rows and columns you actually use in your filter bank modely by adjusting the values in the purple highlighted cells tif you are interested in that information.  For the other calculated values, as long as the input cells (blue and yellow boxes) for rows and columns with out filters are left blank, the result will be correct.  

Note that you will need to click into a cell below the yellow area and arrow key up to enter data because the yellow is created with an autoshape overlayed on the cell to higlight it.  I did that so that you could use the cell formating to higlight the filter elements that are being used for the particular unit you are working on and still have the data entry cells higlighted.

If you enter the average outdoor air temperature and return air temperature that existed during the test into the orange highlighted squares, the average outdoor air flow during the test will be calculated based on conservation of mass and energy.   

100% Mixed air flow x Mixed air temperature =  (Outdoor air % x Outdoor temperature) + ((100-Outdoor air %)x(Return temperature)) 

Solving for  Outdoor Air %:

Outdoor air % =   (MAT- RAT)/(OAT - RAT) 

The equation used is included on the tab "Mixed Air Temp Callcs".  The greater the difference between the outdoor and return temperatures, the more accurate the result.  To understand this consider what would happen if both the outdoor air temperature and the return air temperaure were the same value.

Ideally, you should use the same temperature sensor for measureing the outdoor air temperature and return air temperature as you used for the filter face temperatures. But if you forget to take the other two temperatures, you may be able to get a reasonable estimate of the outdoor  air flow by  checking  trends in the control system for return air temperatures at the time of your test or by making a reasonable assumption about the return temperature.  For example, it would be reasonable to assume the return temperature was about the same as the typical space temperature in the facility.

For outdoor temperature, you may be able to find trend information in the control system.  Or you could use historical data from a nearby weather station that can be found in sources like the National Weather Service or Weather Underground.

The EXAMPLE tabs contain the data and results used to assess a filter bank at Le Conte Annex on the UC Berkeley Campus.




Example Test 3 Results

		Test 3										Dan's Group																				Plenum Picture		Plenum System Diagram (with Test 3 results)

		Test Date - 										Friday January 04, 2013

		Test Start Time - 										2:25 PM																																																								9,869 cfm of return air at 69.8°F																														2 Section, 18 Square Foot, Horizontal Opposed Blade Return Air Damper

		Test Finish Time - 										3:30 PM

		Outdoor air damper size - 										32				sq.ft.

		Outdoor air damper sections - 										3

		Outdoor air damper type - 										Horizontal Opposed								Blade

		Outdoor air flow - 										47,244				cfm

		Outdoor air temperature - 										52.0				°F

		Outdoor air % of total - 										83%				(Design target is 19%)

		Return air damper size - 										18				sq.ft.

		Return air damper sections - 										2

		Return air damper type - 										Horizontal Opposed								Blade																																																																														Filter bank

		Return air flow - 										9,869				cfm																						47,244 of outdoor air at 52.°F

		Return air temperature - 										69.8				°F

		Total air flow - 										57,114				cfm

		Outdoor air damper velocity - 										1,813				fpm ( at measured total flow an 100% OA)

		Return air damper velocity - 										2,645				fpm (at measured total flow on MOA)

		Mixed air temperature - 										55.1				°F (mass weighted;  true mixed air temperature)

												55.3				°F (average if measurements)

		Maximum temperature - 										59.3				°F																																																														57,114 cfm of mixed air at 55.1 °F

		Minimum temperature - 										51.8				°F

		Maximum velocity - 										945				fpm

		Minimum velocity - 										272				fpm



		Link to additional photos - 										..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-07																																																		3 Section, 32 Square Foot, Horizontal Opposed Blade Outdoor Air Damper

												..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-11

		Link to field notes - 										..\LeConte Annex





		Temperature Profile										Coldest						Hottest						Minimum				Maximum

				20		20		20		20		20		20		20		 		 		 		 		 		 		 

		20		57.5		57.3		57.0		55.4		53.9		52.7		52.5		 		 		 		 		 		 		 

		20		57.5		57.9		57.0		55.9		53.9		52.7		52.1		 		 		 		 		 		 		 

		20		58.4		58.1		57.0		57.9		54.1		52.5		52.5		 		 		 		 		 		 		 

		20		58.8		57.9		58.1		55.4		53.7		52.5		51.8		 		 		 		 		 		 		 

		20		59.3		57.3		55.7		54.3		52.7		52.3		52.8		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		Velocity Profile										Slowest						Fastest						Minimum				Maximum

				20		20		20		20		20		20		20		 		 		 		 		 		 		 

		20		331		350		272		643		779		643		632		 		 		 		 		 		 		 

		20		350		292		370		741		945		799		653		 		 		 		 		 		 		 

		20		800		604		429		760		858		643		701		 		 		 		 		 		 		 

		20		681		487		604		663		741		663		604		 		 		 		 		 		 		 

		20		467		487		623		389		447		487		623		 		 		 		 		 		 		 
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Link to field notes - 


..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-07


..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-11
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Temperature ProfileColdestHottestMinimumMaximum





Return air damper type - Horizontal Opposed


Outdoor air flow - 16,275


Outdoor air temperature - 52.0


Test 2Kathy's Group


Return air damper size - 18


Return air damper sections - 2


Minimum temperature - 60.0


Maximum velocity - 701


3





2,438


Mixed air temperature - 64.3


Maximum temperature - 69.9


Return air temperature - 69.8


Total air flow - 52,639


Outdoor air damper velocity - 1,671


Return air damper velocity - 


Outdoor air % of total - 31%


Outdoor air damper type - Horizontal Opposed


Test Date - Friday January 04, 2013


Test Start Time - 1:20 PM


Test Finish Time - 2:25 PM


Outdoor air damper size - 32


Outdoor air damper sections - 
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MinimumMaximumVelocity ProfileSlowestFastest
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(Design target is 19%)


sq.ft.


Blade


cfm


°F


cfm


fpm ( at measured total flow an 100% OA)


fpm (at measured total flow on MOA)


°F (mass weighted;  true mixed air temperature)


°F (average if measurements)
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57.557.357.055.453.952.752.5       
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57.557.957.055.953.952.752.1       
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58.458.157.057.954.152.552.5       
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58.857.958.155.453.752.5
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2059.3


57.355.754.352.752.352.8       


               


55.3


Minimum velocity - 272


Link to field notes - 


..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-07


..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-11


Link to additional photos - 


Return air flow - 9,869


..\LeConte Annex





Temperature ProfileColdestHottestMinimumMaximum





Minimum temperature - 51.8


Maximum velocity - 945


Test 3


Return air damper size - 18


Return air damper sections - 2


Return air damper type - Horizontal Opposed


Outdoor air flow - 47,244


Outdoor air temperature - 52.0


Outdoor air % of total - 83%





2,645


Mixed air temperature - 55.1


Maximum temperature - 59.3


Return air temperature - 69.8


Total air flow - 57,114


Outdoor air damper velocity - 1,813


Return air damper velocity - 


Test Date - Friday January 04, 2013


Test Start Time - 2:25 PM


Test Finish Time - 3:30 PM


Outdoor air damper size - 32


Outdoor air damper sections - 3


Outdoor air damper type - Horizontal Opposed


Dan's Group
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MaximumVelocity ProfileSlowestFastestMinimum






PEC EBCx Class
On 8% (Left), 31% (Center) and 83% OA (Right)

https://tinyurl.com/EconStrat

20 20 20 20 20 20 20        

20 62.5 63.8 63.1 63.3 64.2 64.5 64.5        

20 64.0 62.3 63.5 64.2 64.7 65.3 64.9        

20 62.2 62.4 63.8 65.1 64.9 65.0 66.0        

20 63.3 65.7 63.3 64.0 65.3 66.8 66.2        

20 64.7 64.5 64.2 64.4 65.6 66.3 66.3        

MaximumMinimumColdest HottestTemperature Profile

20 20 20 20 20 20 20        

20 526 506 604 564 623 604 447        

20 604 681 604 663 663 506 526        

20 721 447 272 252 447 409 429        

20 584 487 546 526 447 623 526        

20 429 389 405 405 546 350 447        

Velocity Profile Slowest Fastest Minimum Maximum

20 20 20 20 20 20 20

20 60.9 60.8 63.5 64.7 64.9 65.4 66.9

20 60.2 61.8 63.3 64.7 64.4 65.9 66.5

20 60.8 61.5 64.0 65.1 69.9 66.3 66.5

20 60.0 60.9 64.0 64.9 66.2 66.7 66.7

20 60.0 61.7 64.4 65.4 66.7 67.1 67.1

20 20 20 20 20 20 20

20 584 409 584 584 623 526 506

20 623 567 604 564 584 650 526

20 604 584 506 389 506 584 701

20 564 564 564 564 370 584 564

20 429 350 467 487 584 564 487

20 20 20 20 20 20 20

20 57.5 57.3 57.0 55.4 53.9 52.7 52.5

20 57.5 57.9 57.0 55.9 53.9 52.7 52.1

20 58.4 58.1 57.0 57.9 54.1 52.5 52.5

20 58.8 57.9 58.1 55.4 53.7 52.5 51.8

20 59.3 57.3 55.7 54.3 52.7 52.3 52.8

20 20 20 20 20 20 20

20 331 350 272 643 779 643 632

20 350 292 370 741 945 799 653

20 800 604 429 760 858 643 701

20 681 487 604 663 741 663 604

20 467 487 623 389 447 487 623

https://tinyurl.com/EconStrat

Scratch
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Docment dimensions and other parameters in the cells with the dark yellow highlight.  Take photographs and make sketches to supplement the test data and document the physical configuration of the mixed air plenum.  Document the system diagram for the plenum on the results tab in the graph paper area provided.  Note that if you manipulate the text boxes and lines that are already there, the data on this tab will automatically fill in and follow them.

In the test matrix, nsert the filter height and width in inches into the blue boxes for all rows and columns.  The area of each filter will be calculated in the indvidual filter elements and totaled below.  Enter the velocity reading and temperature observed in the yellow area.  The flow rate associated with each filter element and the flow times temperature parameter will be calculated.  Average velocities, total flow, average temperature and mass weighted average temperature (the true average temperature from a conservation of mass and energy standpoint) are caculated where indicated below.  

Note that you need to adjusted the number of rows and columns you actually use in your filter bank modely by adjusting the values in the purple highlighted cells tif you are interested in that information.  For the other calculated values, as long as the input cells (blue and yellow boxes) for rows and columns with out filters are left blank, the result will be correct.  

Note that you will need to click into a cell below the yellow area and arrow key up to enter data because the yellow is created with an autoshape overlayed on the cell to higlight it.  I did that so that you could use the cell formating to higlight the filter elements that are being used for the particular unit you are working on and still have the data entry cells higlighted.

If you enter the average outdoor air temperature and return air temperature that existed during the test into the orange highlighted squares, the average outdoor air flow during the test will be calculated based on conservation of mass and energy.   

100% Mixed air flow x Mixed air temperature =  (Outdoor air % x Outdoor temperature) + ((100-Outdoor air %)x(Return temperature)) 

Solving for  Outdoor Air %:

Outdoor air % =   (MAT- RAT)/(OAT - RAT) 

The equation used is included on the tab "Mixed Air Temp Callcs".  The greater the difference between the outdoor and return temperatures, the more accurate the result.  To understand this consider what would happen if both the outdoor air temperature and the return air temperaure were the same value.

Ideally, you should use the same temperature sensor for measureing the outdoor air temperature and return air temperature as you used for the filter face temperatures. But if you forget to take the other two temperatures, you may be able to get a reasonable estimate of the outdoor  air flow by  checking  trends in the control system for return air temperatures at the time of your test or by making a reasonable assumption about the return temperature.  For example, it would be reasonable to assume the return temperature was about the same as the typical space temperature in the facility.

For outdoor temperature, you may be able to find trend information in the control system.  Or you could use historical data from a nearby weather station that can be found in sources like the National Weather Service or Weather Underground.

The EXAMPLE tabs contain the data and results used to assess a filter bank at Le Conte Annex on the UC Berkeley Campus.




Instructions
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		Developed by David Sellers, Senior Engineer, Facility Dynamics Engineering

		Revision History

		Rev.		Date				Revision

		1. 		Friday March 10, 2023				Origianal version of the spreadsheet, which was developed using my Filter Face Velocity spreadsheet as a starting point (basically, the grid on the "Test Data" tab.



















		Instructions

		1. 		This spreadsheet is intended to support performing a temperature and velocity traverse of a mixed air plenum.  This process is typically used to:

				a		Identify hot and cold spots in a plenum which could lead to frozen coils or nuisance freezestat trips.

				b		Identify temperature patterns in a plenum to assist in the placement of the sensing elements for freezestats and averaging temperature sensors.

				c		Identify velocity and flow patterns in plenums to assess how the average temperature might differ from the true, mass weighted mixed air temperature.

				d		Identify how the temperature and flow patterns shift around as economizer dampers modulate, including the variations in flow that might occur with dampers in different positions.

		2. 		This spreadsheet could also be applied on the discharge side of coil bank to assess how uniformly flow is distributed through the coil by the piping manifold and coil arrrangement and circuiting.

		3. 		The spreadsheet uses the filter bank as a measurement grid and is configured for a filter bank that is 14 modules wide and 13 modules high. This module count has no particular significance other than being the size of the unit I was working on when I first started to develop this.  If the modules were 24" x24" filters, that means the spreadsheet could support a unit that was in the range of 364,000 cfm.  

				If you are using it on a larger unit, you could either modify it to add rows (complicated in that you have to modify a bunch of formulas), use multiple forms to cover the plenum, or let each module represent something besides one filter, like every other filter.

				Similarly, if you were using it on a coil face, you would have to use some other form of reverence to estsablish the grid.  For instance you could mark of even incraments on the coil frame and then tape strings to the marks and run them across the coil to establish the grid.  Or, you could "eyeball" things based on other indicators like the seperators between coils, bolts in the coil frame, etc.

				Generally speaking, the results of your analysis will be better with more points, but the analysis will take longer since more points mean more data to capture.  So, in the field, you need to make an informed decision about how many measurements you will take, perhaps based on some spot measurements.

		4. 		In terms of taking readings, I typically use my Omega Engineering 4-in-1 instrument (pictured to the right) in a mode that displays velocity from the rotating vane anemometer and temperature from the internal temperature sensor (upper picture).  The rotating vane anemometer is the little propeller like part inside the circle.  The internal temperature sensor (as well as a relative humidity sensor) is located behind the little grid to the lower left of the anemometer.

				If you are interested in the Omega instrument, this link should take you to it.











http://www.omega.com/ppt/pptsc.asp?ref=HHF81&Nav=grec03

Side by Side Comparison

		These are screen shots of the test results placed side by side to allow you to compare the results;  If you "Paste Special" - "Linked Picture" they will update if you change something.



































































Test 1 Data
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		Mixing Plenum Test

																														Misc. Notes

				Test date - 												Date:

				Project/System Name - 												Project Name: 

				Project Number - 												Project Number: 

				Test engineer - 												Engineer: 

				Test start time - 

				Test end time - 

				Average outdoor air temperature during the test - 																°F (Field measurement)

				Average return air teperature during the test - 																°F (Field measurement)

		`		Outdoor Air Damper Information

				Target minimum outdoor air percentage - 																Estimate based on design AHU1 flow and related exhaust flow

				Outdoor air damper number of sections - 

				Outdoor air damper number of actuators - 

				Outdoor air damper typical actuator make and model - 

				Outdoor air damper over-all height - 																inches (estimate from drawings and photo)

				Outdoor air damper over-all width - 																inches (estimate from drawings and photo)

				Outdoor air damper nominal face area - 														0.0		sq.ft.

				Outdoor air damper blade type (opposed or parallel;  if parallel note how the blades direct air as they close) - 																 blade		Blade rotation - 

				Outdoor air damper blade orientation - 

				Outdoor air damper blade angle during the test - 

				Outdoor air damper control signal during the test - 

		`		Return Air Damper Information

				Return air damper number of sections - 

				Return air damper number of actuators - 

				Return air damper typical actuator make and model - 

				Return air damper over-all height - 																inches (estimate from photo)

				Return air damper over-all width - 																inches (estimate from photo)

				Return air damper nominal face area - 														0.0		sq.ft.

				Return air damper blade type (opposed or parallel;  if parallel note how the blades direct air as they close) - 																 blade		Blade rotation - 

				Return air damper blade orientation - 

				Return air damper blade angle during the test - 

				Return air damper control signal during the test - 

				Total area for the filter bank (sum of individual element areas) - 														0		sq.ft.

				Total flow for the filter bank (sum of individual elements) - 														0		cfm

				Average velocity for the filter bank (average of individual elements) - 														ERROR:#DIV/0!		fpm

				Number of rows used - 																(13 maximum)

				Number of colums use - 																(14 maximum)

				Average temperature (average of individual temperature readings) - 														ERROR:#DIV/0!		°F

				Mass weighted average temperature (individual temperature readings times related flow divided by total flow) - 														ERROR:#DIV/0!		°F

				Outdoor air % of mixed air flow during test based on temperatures - 														ERROR:#DIV/0!

				Average outdoor air flow during the test based on temperatures - 														ERROR:#DIV/0!		cfm

				Maximum temperature  - 														0.0		°F

				Minimum temperature - 														0.0		°F

				Maximum velocity - 														0		fpm

				Minimum velocity - 														0		fpm

						Filter Column Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches

						Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0
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						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm
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				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F
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Test 1 Results

		Test 1																														Plenum Picture		Plenum System Diagram (with Test 1 results)

		Test Date - 										Sunday December 31, 1899

		Test Start Time - 										12:00 AM																																																								ERROR:#DIV/0!																														0 Section,  Square Foot, 0 0 Blade Return Air Damper

		Test Finish Time - 										12:00 AM

		Outdoor air damper size - 										0				sq.ft.

		Outdoor air damper sections - 										0

		Outdoor air damper type - 										0 0								Blade

		Outdoor air flow - 										ERROR:#DIV/0!				cfm

		Outdoor air temperature - 										0.0				°F

		Outdoor air % of total - 										ERROR:#DIV/0!				(Design target is %)

		Return air damper size - 										0				sq.ft.

		Return air damper sections - 										0

		Return air damper type - 										0 0								Blade																																																																														Filter bank

		Return air flow - 										ERROR:#DIV/0!				cfm																						ERROR:#DIV/0!

		Return air temperature - 										0.0				°F

		Total air flow - 										0				cfm

		Outdoor air damper velocity - 										ERROR:#DIV/0!				fpm ( at measured total flow an 100% OA)

		Return air damper velocity - 										ERROR:#DIV/0!				fpm (at measured total flow on MOA)

		Mixed air temperature - 										ERROR:#DIV/0!				°F (mass weighted;  true mixed air temperature)

												ERROR:#DIV/0!				°F (average if measurements)

		Maximum temperature - 										0.0				°F																																																														ERROR:#DIV/0!

		Minimum temperature - 										0.0				°F

		Maximum velocity - 										0				fpm

		Minimum velocity - 										0				fpm



		Link to additional photos - 										..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-07																																																		0 Section,  Square Foot, 0 0 Blade Outdoor Air Damper

												..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-11

		Link to field notes - 										LeConte Annex





		Temperature Profile										Coldest						Hottest						Minimum				Maximum

				 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		Velocity Profile										Slowest						Fastest						Minimum				Maximum

				 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 



../../../../../Technical%20Pictures/UCB%20-%20Le%20Conte%20Annex/2013-01-07LeConte%20Annex

Mixed Air Temp Calcs



		Facility Dynamics Headquarters  - 6760 Alexander Bell Drive,  Suite 200,  Columbia, MD 21046, Phone: (410) 290-0900;  www.facilitydynamics.com

		Facility Dynamics Satellite Location  - 8560 North Buchanan Avenue,  Portland, Oregon 97203, Phone: ;  www.facilitydynamics.com

		Engineering Calculation

		Date:		Tuesday April 24, 2012

		Project Name: 		None

		Project Number: 		None

		Engineer: 		David Sellers

		Assumptions

		1. 		Enter appropriate data in the yellow cells in consistent units of measure …

				… and read the results in the blue cells.

				Note that the Supply Air Flow is the flow out of the mixed air plenum.



				Mixed air temperature based on conservation of mass

						Mixed air temperature, °F = 		(((OAT,  °F) x (OA Flow, Cfm)) + ((RAT,  °F) x (RA Flow, Cfm))/SA Flow, Cfm

						Outdoor air temperature (OAT)= 		-20.0		°F

						Return air temperature (RAT) = 		72.0		°F

						Supply flow (SA Flow) = 		25,000		cfm

						Outdoor air flow (OA Flow) = 		5,000		cfm

						RA Flow  = 		20,000		cfm

						Mixed air temperature = 		53.6		°F



				Outdoor air temperature that gives a specified mixed air temperature based on conservation of mass

						Outdoor air temperature, °F = 		(((MAT,  °F) x (SA Flow, Cfm)) - ((RAT,  °F) x (RA Flow, Cfm))/OA Flow, Cfm

						Mixed air temperature (MAT) = 		32.0		°F

						Return air temperature (RAT) = 		75.0		°F

						Supply flow (SAF) = 		18,000		cfm

						Outdoor air flow (OA Flow) = 		9,000		cfm

						RA Flow  = 		9,000		cfm

						Outdoor air temperature (OAT)= 		-11.0		°F



				Outdoor air percentage based on temperatures

						Outdoor air % = 		(MAT- RAT)/(OAT - RAT)

						Mixed air temperature (MAT) = 		64.3		°F

						Return air temperature (RAT) = 		67.0		°F

						Outdoor air temperature (OAT)= 		52.0		°F

						Outdoor air % = 		18%



						100% Mixed air flow x Mixed air temperature = 		(Outdoor air % x Outdoor temperature) + ((100-Outdoor air %)x(Return temperature))
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Example



		Facility Dynamics Headquarters  - 6760 Alexander Bell Drive,  Suite 200,  Columbia, MD 21046, Phone: (410) 290-0900;  www.facilitydynamics.com

		Facility Dynamics Satellite Location  - 8560 North Buchanan Avenue,  Portland, Oregon 97203, Phone: ;  www.facilitydynamics.com

		The tabs that follow this tab are an example of how to use the spreadsheet.  The data comes from facility on the UC Berkeley Campus named "Le Conte Annex".  The facility is part of the UCB Physics department and houses offices, research labs, and teaching labs.  The system we were working with was origianlly a 100% outdoor air system that was retrofitted with an economizer at one point.  The image below is a very rough system diagram that I sketched up in the field.  The face and bypass coil is a steam coil as are is the coil for the hot deck.  There are 4 hot and cold deck ducts, with each duct serving a floor.  Mixing dampers are located at the zone served and as of the time I type this, I do not know if they are volume regulating mixing dampers or not.

Note that the example was done with an earlier version of this spreadsheet tool, so there are some minor differences between what you will see there and what the current version of the spreadsheet will create.





Example Side by Side Comparison

		These are screen shots of the test results placed side by side to allow you to compare the results;  If you "Paste Special" - "Linked Picture" they will update if you change something.



































































Example Test 1 Data



		Facility Dynamics Headquarters  - 6760 Alexander Bell Drive,  Suite 200,  Columbia, MD 21046, Phone: (410) 290-0900;  www.facilitydynamics.com

		Facility Dynamics Satellite Location  - 8560 North Buchanan Avenue,  Portland, Oregon 97203, Phone: ;  www.facilitydynamics.com

		Mixing Plenum Test





































































																														Misc. Notes								Test 1 % of Design		Test 2 % of Design		Test 3 % of Design

				Test date - 												Date:		Friday January 04, 2013

				Project/System Name - 												Project Name: 		Le Conte Annex AHU1 														AHU1 Design Flow - 		47,500		cfm		104%		111%		120%

				Project Number - 												Project Number: 		PEC EBCx Class, Series 8, Session 6b														AHU1 Exhaust - 		9,000		cfm Total

				Test engineer - 												Engineer: 		Maria's Group														Toilet exhaust - 		4,400		cfm

				Test start time - 														12:15 PM														Room 85 - 		1,000		cfm

				Test end time - 														01:20 PM														Room 87 - 		1,000		cfm

				Average outdoor air temperature during the test - 														52.0		°F (Field measurement)												Room S-85 - 		1,000		cfm

				Average return air teperature during the test - 														65.4		°F (Field measurement)												Room S-87 - 		1,000		cfm

		`		Outdoor Air Damper Information																												Room 186A - 		300		cfm

				Target minimum outdoor air percentage - 														19%		Estimate based on design AHU1 flow and related exhaust flow												Room 174 - 		300		cfm

				Outdoor air damper number of sections - 														3

				Outdoor air damper number of actuators - 														1

				Outdoor air damper typical actuator make and model - 														6" pneumatic, Honeywell?

				Outdoor air damper over-all height - 														36.0		inches (estimate from drawings and photo)

				Outdoor air damper over-all width - 														126.0		inches (estimate from drawings and photo)

				Outdoor air damper nominal face area - 														31.5		sq.ft.

				Outdoor air damper blade type (opposed or parallel;  if parallel note how the blades direct air as they close) - 														Opposed		 blade		Blade rotation - 

				Outdoor air damper blade orientation - 														Horizontal

				Outdoor air damper blade angle during the test - 														80° degrees from the horizontal (estimated)

				Outdoor air damper control signal during the test - 														00 hexadecimal in the Microstar

		`		Return Air Damper Information

				Return air damper number of sections - 														2

				Return air damper number of actuators - 														2

				Return air damper typical actuator make and model - 														Johnson 6" pneumatic

				Return air damper over-all height - 														42.0		inches (estimate from photo)

				Return air damper over-all width - 														30.0		inches (estimate from photo)

				Return air damper nominal face area - 														17.5		sq.ft.

				Return air damper blade type (opposed or parallel;  if parallel note how the blades direct air as they close) - 														Opposed		 blade		Blade rotation - 

				Return air damper blade orientation - 														Horizontal

				Return air damper blade angle during the test - 														Not noted

				Return air damper control signal during the test - 														Common signal with the outdoor air damper

				Total area for the filter bank (sum of individual element areas) - 														97		sq.ft.

				Total flow for the filter bank (sum of individual elements) - 														49,467		cfm

				Average velocity for the filter bank (average of individual elements) - 														509		fpm

				Number of rows used - 														5		(13 maximum)

				Number of colums use - 														7		(14 maximum)

				Average temperature (average of individual temperature readings) - 														64.4		°F

				Mass weighted average temperature (individual temperature readings times related flow divided by total flow) - 														64.3		°F

				Outdoor air % of mixed air flow during test based on temperatures - 														8%

				Average outdoor air flow during the test based on temperatures - 														4,021		cfm

				Maximum temperature  - 														66.8		°F

				Minimum temperature - 														62.2		°F

				Maximum velocity - 														721		fpm

				Minimum velocity - 														252		fpm

		Note - Suspect that the field reading of 61.7°F for the filter in the 4th row, fifth column was an error given the pattern around that particular filter (highlighted in dark yellow with a red boarder).  Changed it to the average of the fitlers around it.

						Filter Column Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches

						20				20				20				20				20				20				20				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used

				Filter Row Height, inches		Velocity reading, fpm		526		Velocity reading, fpm		506		Velocity reading, fpm		604		Velocity reading, fpm		564		Velocity reading, fpm		623		Velocity reading, fpm		604		Velocity reading, fpm		447		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		62.5		Temperature, °F		63.8		Temperature, °F		63.1		Temperature, °F		63.3		Temperature, °F		64.2		Temperature, °F		64.5		Temperature, °F		64.5		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,461		Flow rate , cfm - 		1,406		Flow rate , cfm - 		1,678		Flow rate , cfm - 		1,567		Flow rate , cfm - 		1,731		Flow rate , cfm - 		1,678		Flow rate , cfm - 		1,242		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		91,319		Flow x Temperature		89,674		Flow x Temperature		105,868		Flow x Temperature		99,170		Flow x Temperature		111,102		Flow x Temperature		108,217		Flow x Temperature		80,088		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		604		Velocity reading, fpm		681		Velocity reading, fpm		604		Velocity reading, fpm		663		Velocity reading, fpm		663		Velocity reading, fpm		506		Velocity reading, fpm		526		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		64.0		Temperature, °F		62.3		Temperature, °F		63.5		Temperature, °F		64.2		Temperature, °F		64.7		Temperature, °F		65.3		Temperature, °F		64.9		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,678		Flow rate , cfm - 		1,892		Flow rate , cfm - 		1,678		Flow rate , cfm - 		1,842		Flow rate , cfm - 		1,842		Flow rate , cfm - 		1,406		Flow rate , cfm - 		1,461		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		107,378		Flow x Temperature		117,851		Flow x Temperature		106,539		Flow x Temperature		118,235		Flow x Temperature		119,156		Flow x Temperature		91,783		Flow x Temperature		94,826		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		721		Velocity reading, fpm		447		Velocity reading, fpm		272		Velocity reading, fpm		252		Velocity reading, fpm		447		Velocity reading, fpm		409		Velocity reading, fpm		429		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		62.2		Temperature, °F		62.4		Temperature, °F		63.8		Temperature, °F		65.1		Temperature, °F		64.9		Temperature, °F		65.0		Temperature, °F		66.0		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		2,003		Flow rate , cfm - 		1,242		Flow rate , cfm - 		756		Flow rate , cfm - 		700		Flow rate , cfm - 		1,242		Flow rate , cfm - 		1,136		Flow rate , cfm - 		1,192		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		124,573		Flow x Temperature		77,480		Flow x Temperature		48,204		Flow x Temperature		45,570		Flow x Temperature		80,584		Flow x Temperature		73,847		Flow x Temperature		78,650		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		584		Velocity reading, fpm		487		Velocity reading, fpm		546		Velocity reading, fpm		526		Velocity reading, fpm		447		Velocity reading, fpm		623		Velocity reading, fpm		526		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		63.3		Temperature, °F		65.7		Temperature, °F		63.3		Temperature, °F		64.0		Temperature, °F		65.3		Temperature, °F		66.8		Temperature, °F		66.2		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,622		Flow rate , cfm - 		1,353		Flow rate , cfm - 		1,517		Flow rate , cfm - 		1,461		Flow rate , cfm - 		1,242		Flow rate , cfm - 		1,731		Flow rate , cfm - 		1,461		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		102,687		Flow x Temperature		88,878		Flow x Temperature		96,005		Flow x Temperature		93,511		Flow x Temperature		81,112		Flow x Temperature		115,601		Flow x Temperature		96,726		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		429		Velocity reading, fpm		389		Velocity reading, fpm		405		Velocity reading, fpm		405		Velocity reading, fpm		546		Velocity reading, fpm		350		Velocity reading, fpm		447		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		64.7		Temperature, °F		64.5		Temperature, °F		64.2		Temperature, °F		64.4		Temperature, °F		65.6		Temperature, °F		66.3		Temperature, °F		66.3		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,192		Flow rate , cfm - 		1,081		Flow rate , cfm - 		1,125		Flow rate , cfm - 		1,125		Flow rate , cfm - 		1,517		Flow rate , cfm - 		972		Flow rate , cfm - 		1,242		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		77,101		Flow x Temperature		69,696		Flow x Temperature		72,225		Flow x Temperature		72,450		Flow x Temperature		99,493		Flow x Temperature		64,458		Flow x Temperature		82,323		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0
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Docment dimensions and other parameters in the cells with the dark yellow highlight.  Take photographs and make sketches to supplement the test data and document the physical configuration of the mixed air plenum.  Document the system diagram for the plenum on the results tab in the graph paper area provided.  Note that if you manipulate the text boxes and lines that are already there, the data on this tab will automatically fill in and follow them.

In the test matrix, nsert the filter height and width in inches into the blue boxes for all rows and columns.  The area of each filter will be calculated in the indvidual filter elements and totaled below.  Enter the velocity reading and temperature observed in the yellow area.  The flow rate associated with each filter element and the flow times temperature parameter will be calculated.  Average velocities, total flow, average temperature and mass weighted average temperature (the true average temperature from a conservation of mass and energy standpoint) are caculated where indicated below.  

Note that you need to adjusted the number of rows and columns you actually use in your filter bank modely by adjusting the values in the purple highlighted cells tif you are interested in that information.  For the other calculated values, as long as the input cells (blue and yellow boxes) for rows and columns with out filters are left blank, the result will be correct.  

Note that you will need to click into a cell below the yellow area and arrow key up to enter data because the yellow is created with an autoshape overlayed on the cell to higlight it.  I did that so that you could use the cell formating to higlight the filter elements that are being used for the particular unit you are working on and still have the data entry cells higlighted.

If you enter the average outdoor air temperature and return air temperature that existed during the test into the orange highlighted squares, the average outdoor air flow during the test will be calculated based on conservation of mass and energy.   

100% Mixed air flow x Mixed air temperature =  (Outdoor air % x Outdoor temperature) + ((100-Outdoor air %)x(Return temperature)) 

Solving for  Outdoor Air %:

Outdoor air % =   (MAT- RAT)/(OAT - RAT) 

The equation used is included on the tab "Mixed Air Temp Callcs".  The greater the difference between the outdoor and return temperatures, the more accurate the result.  To understand this consider what would happen if both the outdoor air temperature and the return air temperaure were the same value.

Ideally, you should use the same temperature sensor for measureing the outdoor air temperature and return air temperature as you used for the filter face temperatures. But if you forget to take the other two temperatures, you may be able to get a reasonable estimate of the outdoor  air flow by  checking  trends in the control system for return air temperatures at the time of your test or by making a reasonable assumption about the return temperature.  For example, it would be reasonable to assume the return temperature was about the same as the typical space temperature in the facility.

For outdoor temperature, you may be able to find trend information in the control system.  Or you could use historical data from a nearby weather station that can be found in sources like the National Weather Service or Weather Underground.

The EXAMPLE tabs contain the data and results used to assess a filter bank at Le Conte Annex on the UC Berkeley Campus.




Example Test 1 Results

		Test 1										Maria's Group																				Plenum Picture		Plenum System Diagram (with Test 1 results)

		Test Date - 										Friday January 04, 2013

		Test Start Time - 										12:15 PM																																																								45,446 cfm of return air at 65.4°F																														2 Section, 18 Square Foot, Horizontal Opposed Blade Return Air Damper

		Test Finish Time - 										1:20 PM

		Outdoor air damper size - 										32				sq.ft.

		Outdoor air damper sections - 										3

		Outdoor air damper type - 										Horizontal Opposed								Blade

		Outdoor air flow - 										4,021				cfm

		Outdoor air temperature - 										52.0				°F

		Outdoor air % of total - 										8%				(Design target is 19%)

		Return air damper size - 										18				sq.ft.

		Return air damper sections - 										2

		Return air damper type - 										Horizontal Opposed								Blade																																																																														Filter bank

		Return air flow - 										45,446				cfm																						4,021 of outdoor air at 52.°F

		Return air temperature - 										65.4				°F

		Total air flow - 										49,467				cfm

		Outdoor air damper velocity - 										1,570				fpm ( at measured total flow an 100% OA)

		Return air damper velocity - 										2,291				fpm (at measured total flow on MOA)

		Mixed air temperature - 										64.3				°F (mass weighted;  true mixed air temperature)

												64.4				°F (average if measurements)

		Maximum temperature - 										66.8				°F																																																														49,467 cfm of mixed air at 64.3 °F

		Minimum temperature - 										62.2				°F

		Maximum velocity - 										721				fpm

		Minimum velocity - 										252				fpm



		Link to additional photos - 										..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-07																																																		3 Section, 32 Square Foot, Horizontal Opposed Blade Outdoor Air Damper

												..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-11

		Link to field notes - 										LeConte Annex





		Temperature Profile										Coldest						Hottest						Minimum				Maximum

				20		20		20		20		20		20		20		 		 		 		 		 		 		 

		20		62.5		63.8		63.1		63.3		64.2		64.5		64.5		 		 		 		 		 		 		 

		20		64.0		62.3		63.5		64.2		64.7		65.3		64.9		 		 		 		 		 		 		 

		20		62.2		62.4		63.8		65.1		64.9		65.0		66.0		 		 		 		 		 		 		 

		20		63.3		65.7		63.3		64.0		65.3		66.8		66.2		 		 		 		 		 		 		 

		20		64.7		64.5		64.2		64.4		65.6		66.3		66.3		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		Velocity Profile										Slowest						Fastest						Minimum				Maximum

				20		20		20		20		20		20		20		 		 		 		 		 		 		 

		20		526		506		604		564		623		604		447		 		 		 		 		 		 		 

		20		604		681		604		663		663		506		526		 		 		 		 		 		 		 

		20		721		447		272		252		447		409		429		 		 		 		 		 		 		 

		20		584		487		546		526		447		623		526		 		 		 		 		 		 		 

		20		429		389		405		405		546		350		447		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 



../../../../../Technical%20Pictures/UCB%20-%20Le%20Conte%20Annex/2013-01-07LeConte%20Annex

Example Test 2 Data



		Facility Dynamics Headquarters  - 6760 Alexander Bell Drive,  Suite 200,  Columbia, MD 21046, Phone: (410) 290-0900;  www.facilitydynamics.com

		Facility Dynamics Satellite Location  - 8560 North Buchanan Avenue,  Portland, Oregon 97203, Phone: ;  www.facilitydynamics.com

		Mixing Plenum Test







































































				Test date - 												Date:		Friday January 04, 2013												Misc. Notes

				Project/System Name - 												Project Name: 		Le Conte Annex AHU1 														AHU1 Design Flow - 		47,500		cfm

				Project Number - 												Project Number: 		PEC EBCx Class, Series 8, Session 6b														AHU1 Exhaust - 		9,000		cfm Total

				Test engineer - 												Engineer: 		Kathy's Group														Toilet exhaust - 		4,400		cfm

				Test start time - 														01:20 PM														Room 85 - 		1,000		cfm

				Test end time - 														02:25 PM														Room 87 - 		1,000		cfm

				Average outdoor air temperature during the test - 														52.0		°F (Field measurement)												Room S-85 - 		1,000		cfm

				Average return air teperature during the test - 														69.8		°F (Field measurement)												Room S-87 - 		1,000		cfm

		`		Outdoor Air Damper Information																												Room 186A - 		300		cfm

				Target minimum outdoor air percentage - 														19%		Estimate based on design AHU1 flow and related exhaust flow												Room 174 - 		300		cfm

				Outdoor air damper number of sections - 														3

				Outdoor air damper number of actuators - 														1

				Outdoor air damper typical actuator make and model - 														6" pneumatic, Honeywell?

				Outdoor air damper over-all height - 														36.0		inches (estimate from drawings and photo)

				Outdoor air damper over-all width - 														126.0		inches (estimate from drawings and photo)

				Outdoor air damper nominal face area - 														31.5		sq.ft.

				Outdoor air damper blade type (opposed or parallel;  if parallel note how the blades direct air as they close) - 														Opposed		 blade		Blade rotation - 

				Outdoor air damper blade orientation - 														Horizontal

				Outdoor air damper blade angle during the test - 														60° degrees from the horizontal (estimated)

				Outdoor air damper control signal during the test - 														10 hexadecimal in the Microstar

		`		Return Air Damper Information

				Return air damper number of sections - 														2

				Return air damper number of actuators - 														2

				Return air damper typical actuator make and model - 														Johnson 6" pneumatic

				Return air damper over-all height - 														42.0		inches (estimate from photo)

				Return air damper over-all width - 														30.0		inches (estimate from photo)

				Return air damper nominal face area - 														17.5		sq.ft.

				Return air damper blade type (opposed or parallel;  if parallel note how the blades direct air as they close) - 														Opposed		 blade		Blade rotation - 

				Return air damper blade orientation - 														Horizontal

				Return air damper blade angle during the test - 														Not noted

				Return air damper control signal during the test - 														Common signal with the outdoor air damper

				Total area for the filter bank (sum of individual element areas) - 														97		sq.ft.

				Total flow for the filter bank (sum of individual elements) - 														52,639		cfm

				Average velocity for the filter bank (average of individual elements) - 														541		fpm

				Number of rows used - 														5		(13 maximum)

				Number of colums use - 														7		(14 maximum)

				Average temperature (average of individual temperature readings) - 														64.3		°F

				Mass weighted average temperature (individual temperature readings times related flow divided by total flow) - 														64.3		°F

				Outdoor air % of mixed air flow during test based on temperatures - 														31%

				Average outdoor air flow during the test based on temperatures - 														16,275		cfm

				Maximum temperature  - 														69.9		°F

				Minimum temperature - 														60.0		°F

				Maximum velocity - 														701		fpm

				Minimum velocity - 														350		fpm

						Filter Column Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches

						20				20				20				20				20				20				20				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used

				Filter Row Height, inches		Velocity reading, fpm		584		Velocity reading, fpm		409		Velocity reading, fpm		584		Velocity reading, fpm		584		Velocity reading, fpm		623		Velocity reading, fpm		526		Velocity reading, fpm		506		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		60.9		Temperature, °F		60.8		Temperature, °F		63.5		Temperature, °F		64.7		Temperature, °F		64.9		Temperature, °F		65.4		Temperature, °F		66.9		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,622		Flow rate , cfm - 		1,136		Flow rate , cfm - 		1,622		Flow rate , cfm - 		1,622		Flow rate , cfm - 		1,731		Flow rate , cfm - 		1,461		Flow rate , cfm - 		1,406		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		98,793		Flow x Temperature		69,076		Flow x Temperature		103,011		Flow x Temperature		104,958		Flow x Temperature		112,313		Flow x Temperature		95,557		Flow x Temperature		94,032		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		623		Velocity reading, fpm		567		Velocity reading, fpm		604		Velocity reading, fpm		564		Velocity reading, fpm		584		Velocity reading, fpm		650		Velocity reading, fpm		526		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		60.2		Temperature, °F		61.8		Temperature, °F		63.3		Temperature, °F		64.7		Temperature, °F		64.4		Temperature, °F		65.9		Temperature, °F		66.5		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,731		Flow rate , cfm - 		1,575		Flow rate , cfm - 		1,678		Flow rate , cfm - 		1,567		Flow rate , cfm - 		1,622		Flow rate , cfm - 		1,806		Flow rate , cfm - 		1,461		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		104,179		Flow x Temperature		97,335		Flow x Temperature		106,203		Flow x Temperature		101,363		Flow x Temperature		104,471		Flow x Temperature		118,986		Flow x Temperature		97,164		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		604		Velocity reading, fpm		584		Velocity reading, fpm		506		Velocity reading, fpm		389		Velocity reading, fpm		506		Velocity reading, fpm		584		Velocity reading, fpm		701		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		60.8		Temperature, °F		61.5		Temperature, °F		64.0		Temperature, °F		65.1		Temperature, °F		69.9		Temperature, °F		66.3		Temperature, °F		66.5		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,678		Flow rate , cfm - 		1,622		Flow rate , cfm - 		1,406		Flow rate , cfm - 		1,081		Flow rate , cfm - 		1,406		Flow rate , cfm - 		1,622		Flow rate , cfm - 		1,947		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		102,009		Flow x Temperature		99,767		Flow x Temperature		89,956		Flow x Temperature		70,344		Flow x Temperature		98,248		Flow x Temperature		107,553		Flow x Temperature		129,490		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		564		Velocity reading, fpm		564		Velocity reading, fpm		564		Velocity reading, fpm		564		Velocity reading, fpm		370		Velocity reading, fpm		584		Velocity reading, fpm		564		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		60.0		Temperature, °F		60.9		Temperature, °F		64.0		Temperature, °F		64.9		Temperature, °F		66.2		Temperature, °F		66.7		Temperature, °F		66.7		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,567		Flow rate , cfm - 		1,567		Flow rate , cfm - 		1,567		Flow rate , cfm - 		1,567		Flow rate , cfm - 		1,028		Flow rate , cfm - 		1,622		Flow rate , cfm - 		1,567		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		94,000		Flow x Temperature		95,410		Flow x Temperature		100,267		Flow x Temperature		101,677		Flow x Temperature		68,039		Flow x Temperature		108,202		Flow x Temperature		104,497		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		429		Velocity reading, fpm		350		Velocity reading, fpm		467		Velocity reading, fpm		487		Velocity reading, fpm		584		Velocity reading, fpm		564		Velocity reading, fpm		487		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		60.0		Temperature, °F		61.7		Temperature, °F		64.4		Temperature, °F		65.4		Temperature, °F		66.7		Temperature, °F		67.1		Temperature, °F		67.1		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,192		Flow rate , cfm - 		972		Flow rate , cfm - 		1,297		Flow rate , cfm - 		1,353		Flow rate , cfm - 		1,622		Flow rate , cfm - 		1,567		Flow rate , cfm - 		1,353		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		71,500		Flow x Temperature		59,986		Flow x Temperature		83,541		Flow x Temperature		88,472		Flow x Temperature		108,202		Flow x Temperature		105,123		Flow x Temperature		90,771		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0
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Docment dimensions and other parameters in the cells with the dark yellow highlight.  Take photographs and make sketches to supplement the test data and document the physical configuration of the mixed air plenum.  Document the system diagram for the plenum on the results tab in the graph paper area provided.  Note that if you manipulate the text boxes and lines that are already there, the data on this tab will automatically fill in and follow them.

In the test matrix, nsert the filter height and width in inches into the blue boxes for all rows and columns.  The area of each filter will be calculated in the indvidual filter elements and totaled below.  Enter the velocity reading and temperature observed in the yellow area.  The flow rate associated with each filter element and the flow times temperature parameter will be calculated.  Average velocities, total flow, average temperature and mass weighted average temperature (the true average temperature from a conservation of mass and energy standpoint) are caculated where indicated below.  

Note that you need to adjusted the number of rows and columns you actually use in your filter bank modely by adjusting the values in the purple highlighted cells tif you are interested in that information.  For the other calculated values, as long as the input cells (blue and yellow boxes) for rows and columns with out filters are left blank, the result will be correct.  

Note that you will need to click into a cell below the yellow area and arrow key up to enter data because the yellow is created with an autoshape overlayed on the cell to higlight it.  I did that so that you could use the cell formating to higlight the filter elements that are being used for the particular unit you are working on and still have the data entry cells higlighted.

If you enter the average outdoor air temperature and return air temperature that existed during the test into the orange highlighted squares, the average outdoor air flow during the test will be calculated based on conservation of mass and energy.   

100% Mixed air flow x Mixed air temperature =  (Outdoor air % x Outdoor temperature) + ((100-Outdoor air %)x(Return temperature)) 

Solving for  Outdoor Air %:

Outdoor air % =   (MAT- RAT)/(OAT - RAT) 

The equation used is included on the tab "Mixed Air Temp Callcs".  The greater the difference between the outdoor and return temperatures, the more accurate the result.  To understand this consider what would happen if both the outdoor air temperature and the return air temperaure were the same value.

Ideally, you should use the same temperature sensor for measureing the outdoor air temperature and return air temperature as you used for the filter face temperatures. But if you forget to take the other two temperatures, you may be able to get a reasonable estimate of the outdoor  air flow by  checking  trends in the control system for return air temperatures at the time of your test or by making a reasonable assumption about the return temperature.  For example, it would be reasonable to assume the return temperature was about the same as the typical space temperature in the facility.

For outdoor temperature, you may be able to find trend information in the control system.  Or you could use historical data from a nearby weather station that can be found in sources like the National Weather Service or Weather Underground.

The EXAMPLE tabs contain the data and results used to assess a filter bank at Le Conte Annex on the UC Berkeley Campus.




Example Test 2 Results

		Test 2										Kathy's Group																				Plenum Picture		Plenum System Diagram (with Test 2 results)

		Test Date - 										Friday January 04, 2013

		Test Start Time - 										1:20 PM																																																								36,364 cfm of return air at 69.8°F																														2 Section, 18 Square Foot, Horizontal Opposed Blade Return Air Damper

		Test Finish Time - 										2:25 PM

		Outdoor air damper size - 										32				sq.ft.

		Outdoor air damper sections - 										3

		Outdoor air damper type - 										Horizontal Opposed								Blade

		Outdoor air flow - 										16,275				cfm

		Outdoor air temperature - 										52.0				°F

		Outdoor air % of total - 										31%				(Design target is 19%)

		Return air damper size - 										18				sq.ft.

		Return air damper sections - 										2

		Return air damper type - 										Horizontal Opposed								Blade																																																																														Filter bank

		Return air flow - 										36,364				cfm																						16,275 of outdoor air at 52.°F

		Return air temperature - 										69.8				°F

		Total air flow - 										52,639				cfm

		Outdoor air damper velocity - 										1,671				fpm ( at measured total flow an 100% OA)

		Return air damper velocity - 										2,438				fpm (at measured total flow on MOA)

		Mixed air temperature - 										64.3				°F (mass weighted;  true mixed air temperature)

												64.3				°F (average if measurements)

		Maximum temperature - 										69.9				°F																																																														52,639 cfm of mixed air at 64.3 °F

		Minimum temperature - 										60.0				°F

		Maximum velocity - 										701				fpm

		Minimum velocity - 										350				fpm



		Link to additional photos - 										..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-07																																																		3 Section, 32 Square Foot, Horizontal Opposed Blade Outdoor Air Damper

												..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-11

		Link to field notes - 										..\LeConte Annex





		Temperature Profile										Coldest						Hottest						Minimum				Maximum

				20		20		20		20		20		20		20		 		 		 		 		 		 		 

		20		60.9		60.8		63.5		64.7		64.9		65.4		66.9		 		 		 		 		 		 		 

		20		60.2		61.8		63.3		64.7		64.4		65.9		66.5		 		 		 		 		 		 		 

		20		60.8		61.5		64.0		65.1		69.9		66.3		66.5		 		 		 		 		 		 		 

		20		60.0		60.9		64.0		64.9		66.2		66.7		66.7		 		 		 		 		 		 		 

		20		60.0		61.7		64.4		65.4		66.7		67.1		67.1		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		Velocity Profile										Slowest						Fastest						Minimum				Maximum

				20		20		20		20		20		20		20		 		 		 		 		 		 		 

		20		584		409		584		584		623		526		506		 		 		 		 		 		 		 

		20		623		567		604		564		584		650		526		 		 		 		 		 		 		 

		20		604		584		506		389		506		584		701		 		 		 		 		 		 		 

		20		564		564		564		564		370		584		564		 		 		 		 		 		 		 

		20		429		350		467		487		584		564		487		 		 		 		 		 		 		 
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Example Test 3 Data



		Facility Dynamics Headquarters  - 6760 Alexander Bell Drive,  Suite 200,  Columbia, MD 21046, Phone: (410) 290-0900;  www.facilitydynamics.com

		Facility Dynamics Satellite Location  - 8560 North Buchanan Avenue,  Portland, Oregon 97203, Phone: ;  www.facilitydynamics.com

		Mixing Plenum Test







































































				Test date - 												Date:		Friday January 04, 2013												Misc. Notes

				Project/System Name - 												Project Name: 		Le Conte Annex AHU1 														AHU1 Design Flow - 		47,500		cfm

				Project Number - 												Project Number: 		PEC EBCx Class, Series 8, Session 6b														AHU1 Exhaust - 		9,000		cfm Total

				Test engineer - 												Engineer: 		Dan's Group														Toilet exhaust - 		4,400		cfm

				Test start time - 														02:25 PM														Room 85 - 		1,000		cfm

				Test end time - 														03:30 PM														Room 87 - 		1,000		cfm

				Average outdoor air temperature during the test - 														52.0		°F (Field measurement)												Room S-85 - 		1,000		cfm

				Average return air teperature during the test - 														69.8		°F (Field measurement)												Room S-87 - 		1,000		cfm

		`		Outdoor Air Damper Information																												Room 186A - 		300		cfm

				Target minimum outdoor air percentage - 														19%		Estimate based on design AHU1 flow and related exhaust flow												Room 174 - 		300		cfm

				Outdoor air damper number of sections - 														3

				Outdoor air damper number of actuators - 														1

				Outdoor air damper typical actuator make and model - 														6" pneumatic, Honeywell?

				Outdoor air damper over-all height - 														36.0		inches (estimate from drawings and photo)

				Outdoor air damper over-all width - 														126.0		inches (estimate from drawings and photo)

				Outdoor air damper nominal face area - 														31.5		sq.ft.

				Outdoor air damper blade type (opposed or parallel;  if parallel note how the blades direct air as they close) - 														Opposed		 blade		Blade rotation - 

				Outdoor air damper blade orientation - 														Horizontal

				Outdoor air damper blade angle during the test - 														30° degrees from the horizontal (estimated)

				Outdoor air damper control signal during the test - 														80 hexadecimal in the Microstar

		`		Return Air Damper Information

				Return air damper number of sections - 														2

				Return air damper number of actuators - 														2

				Return air damper typical actuator make and model - 														Johnson 6" pneumatic

				Return air damper over-all height - 														42.0		inches (estimate from photo)

				Return air damper over-all width - 														30.0		inches (estimate from photo)

				Return air damper nominal face area - 														17.5		sq.ft.

				Return air damper blade type (opposed or parallel;  if parallel note how the blades direct air as they close) - 														Opposed		 blade		Blade rotation - 

				Return air damper blade orientation - 														Horizontal

				Return air damper blade angle during the test - 														Not noted

				Return air damper control signal during the test - 														Common signal with the outdoor air damper

				Total area for the filter bank (sum of individual element areas) - 														97		sq.ft.

				Total flow for the filter bank (sum of individual elements) - 														57,114		cfm

				Average velocity for the filter bank (average of individual elements) - 														587		fpm

				Number of rows used - 														5		(13 maximum)

				Number of colums use - 														7		(14 maximum)

				Average temperature (average of individual temperature readings) - 														55.3		°F

				Mass weighted average temperature (individual temperature readings times related flow divided by total flow) - 														55.1		°F

				Outdoor air % of mixed air flow during test based on temperatures - 														83%

				Average outdoor air flow during the test based on temperatures - 														47,244		cfm

				Maximum temperature  - 														59.3		°F

				Minimum temperature - 														51.8		°F

				Maximum velocity - 														945		fpm

				Minimum velocity - 														272		fpm

						Filter Column Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches				Filter Row Width, inches

						20				20				20				20				20				20				20				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used				Not Used

				Filter Row Height, inches		Velocity reading, fpm		331		Velocity reading, fpm		350		Velocity reading, fpm		272		Velocity reading, fpm		643		Velocity reading, fpm		779		Velocity reading, fpm		643		Velocity reading, fpm		632		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		57.5		Temperature, °F		57.3		Temperature, °F		57.0		Temperature, °F		55.4		Temperature, °F		53.9		Temperature, °F		52.7		Temperature, °F		52.5		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		919		Flow rate , cfm - 		972		Flow rate , cfm - 		756		Flow rate , cfm - 		1,786		Flow rate , cfm - 		2,164		Flow rate , cfm - 		1,786		Flow rate , cfm - 		1,756		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		52,868		Flow x Temperature		55,708		Flow x Temperature		43,067		Flow x Temperature		98,951		Flow x Temperature		116,634		Flow x Temperature		94,128		Flow x Temperature		92,167		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		350		Velocity reading, fpm		292		Velocity reading, fpm		370		Velocity reading, fpm		741		Velocity reading, fpm		945		Velocity reading, fpm		799		Velocity reading, fpm		653		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		57.5		Temperature, °F		57.9		Temperature, °F		57.0		Temperature, °F		55.9		Temperature, °F		53.9		Temperature, °F		52.7		Temperature, °F		52.1		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		972		Flow rate , cfm - 		811		Flow rate , cfm - 		1,028		Flow rate , cfm - 		2,058		Flow rate , cfm - 		2,625		Flow rate , cfm - 		2,219		Flow rate , cfm - 		1,814		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		55,903		Flow x Temperature		46,963		Flow x Temperature		58,583		Flow x Temperature		115,061		Flow x Temperature		141,488		Flow x Temperature		116,965		Flow x Temperature		94,504		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		800		Velocity reading, fpm		604		Velocity reading, fpm		429		Velocity reading, fpm		760		Velocity reading, fpm		858		Velocity reading, fpm		643		Velocity reading, fpm		701		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		58.4		Temperature, °F		58.1		Temperature, °F		57.0		Temperature, °F		57.9		Temperature, °F		54.1		Temperature, °F		52.5		Temperature, °F		52.5		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		2,222		Flow rate , cfm - 		1,678		Flow rate , cfm - 		1,192		Flow rate , cfm - 		2,111		Flow rate , cfm - 		2,383		Flow rate , cfm - 		1,786		Flow rate , cfm - 		1,947		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		129,778		Flow x Temperature		97,479		Flow x Temperature		67,925		Flow x Temperature		122,233		Flow x Temperature		128,938		Flow x Temperature		93,771		Flow x Temperature		102,229		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		681		Velocity reading, fpm		487		Velocity reading, fpm		604		Velocity reading, fpm		663		Velocity reading, fpm		741		Velocity reading, fpm		663		Velocity reading, fpm		604		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		58.8		Temperature, °F		57.9		Temperature, °F		58.1		Temperature, °F		55.4		Temperature, °F		53.7		Temperature, °F		52.5		Temperature, °F		51.8		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,892		Flow rate , cfm - 		1,353		Flow rate , cfm - 		1,678		Flow rate , cfm - 		1,842		Flow rate , cfm - 		2,058		Flow rate , cfm - 		1,842		Flow rate , cfm - 		1,678		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		111,230		Flow x Temperature		78,326		Flow x Temperature		97,479		Flow x Temperature		102,028		Flow x Temperature		110,533		Flow x Temperature		96,688		Flow x Temperature		86,909		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm		467		Velocity reading, fpm		487		Velocity reading, fpm		623		Velocity reading, fpm		389		Velocity reading, fpm		447		Velocity reading, fpm		487		Velocity reading, fpm		623		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				20		Temperature, °F		59.3		Temperature, °F		57.3		Temperature, °F		55.7		Temperature, °F		54.3		Temperature, °F		52.7		Temperature, °F		52.3		Temperature, °F		52.8		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		2.78		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		1,297		Flow rate , cfm - 		1,353		Flow rate , cfm - 		1,731		Flow rate , cfm - 		1,081		Flow rate , cfm - 		1,242		Flow rate , cfm - 		1,353		Flow rate , cfm - 		1,731		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		76,925		Flow x Temperature		77,514		Flow x Temperature		96,392		Flow x Temperature		58,674		Flow x Temperature		65,436		Flow x Temperature		70,750		Flow x Temperature		91,373		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0

				Filter Row Height, inches		Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm				Velocity reading, fpm

				Not Used		Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F				Temperature, °F

						Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00		Filter area, sq.ft.		0.00

						Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0		Flow rate , cfm - 		0

						Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0		Flow x Temperature		0
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Docment dimensions and other parameters in the cells with the dark yellow highlight.  Take photographs and make sketches to supplement the test data and document the physical configuration of the mixed air plenum.  Document the system diagram for the plenum on the results tab in the graph paper area provided.  Note that if you manipulate the text boxes and lines that are already there, the data on this tab will automatically fill in and follow them.

In the test matrix, nsert the filter height and width in inches into the blue boxes for all rows and columns.  The area of each filter will be calculated in the indvidual filter elements and totaled below.  Enter the velocity reading and temperature observed in the yellow area.  The flow rate associated with each filter element and the flow times temperature parameter will be calculated.  Average velocities, total flow, average temperature and mass weighted average temperature (the true average temperature from a conservation of mass and energy standpoint) are caculated where indicated below.  

Note that you need to adjusted the number of rows and columns you actually use in your filter bank modely by adjusting the values in the purple highlighted cells tif you are interested in that information.  For the other calculated values, as long as the input cells (blue and yellow boxes) for rows and columns with out filters are left blank, the result will be correct.  

Note that you will need to click into a cell below the yellow area and arrow key up to enter data because the yellow is created with an autoshape overlayed on the cell to higlight it.  I did that so that you could use the cell formating to higlight the filter elements that are being used for the particular unit you are working on and still have the data entry cells higlighted.

If you enter the average outdoor air temperature and return air temperature that existed during the test into the orange highlighted squares, the average outdoor air flow during the test will be calculated based on conservation of mass and energy.   

100% Mixed air flow x Mixed air temperature =  (Outdoor air % x Outdoor temperature) + ((100-Outdoor air %)x(Return temperature)) 

Solving for  Outdoor Air %:

Outdoor air % =   (MAT- RAT)/(OAT - RAT) 

The equation used is included on the tab "Mixed Air Temp Callcs".  The greater the difference between the outdoor and return temperatures, the more accurate the result.  To understand this consider what would happen if both the outdoor air temperature and the return air temperaure were the same value.

Ideally, you should use the same temperature sensor for measureing the outdoor air temperature and return air temperature as you used for the filter face temperatures. But if you forget to take the other two temperatures, you may be able to get a reasonable estimate of the outdoor  air flow by  checking  trends in the control system for return air temperatures at the time of your test or by making a reasonable assumption about the return temperature.  For example, it would be reasonable to assume the return temperature was about the same as the typical space temperature in the facility.

For outdoor temperature, you may be able to find trend information in the control system.  Or you could use historical data from a nearby weather station that can be found in sources like the National Weather Service or Weather Underground.

The EXAMPLE tabs contain the data and results used to assess a filter bank at Le Conte Annex on the UC Berkeley Campus.




Example Test 3 Results

		Test 3										Dan's Group																				Plenum Picture		Plenum System Diagram (with Test 3 results)

		Test Date - 										Friday January 04, 2013

		Test Start Time - 										2:25 PM																																																								9,869 cfm of return air at 69.8°F																														2 Section, 18 Square Foot, Horizontal Opposed Blade Return Air Damper

		Test Finish Time - 										3:30 PM

		Outdoor air damper size - 										32				sq.ft.

		Outdoor air damper sections - 										3

		Outdoor air damper type - 										Horizontal Opposed								Blade

		Outdoor air flow - 										47,244				cfm

		Outdoor air temperature - 										52.0				°F

		Outdoor air % of total - 										83%				(Design target is 19%)

		Return air damper size - 										18				sq.ft.

		Return air damper sections - 										2

		Return air damper type - 										Horizontal Opposed								Blade																																																																														Filter bank

		Return air flow - 										9,869				cfm																						47,244 of outdoor air at 52.°F

		Return air temperature - 										69.8				°F

		Total air flow - 										57,114				cfm

		Outdoor air damper velocity - 										1,813				fpm ( at measured total flow an 100% OA)

		Return air damper velocity - 										2,645				fpm (at measured total flow on MOA)

		Mixed air temperature - 										55.1				°F (mass weighted;  true mixed air temperature)

												55.3				°F (average if measurements)

		Maximum temperature - 										59.3				°F																																																														57,114 cfm of mixed air at 55.1 °F

		Minimum temperature - 										51.8				°F

		Maximum velocity - 										945				fpm

		Minimum velocity - 										272				fpm



		Link to additional photos - 										..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-07																																																		3 Section, 32 Square Foot, Horizontal Opposed Blade Outdoor Air Damper

												..\..\..\..\..\Technical Pictures\UCB - Le Conte Annex\2013-01-11

		Link to field notes - 										..\LeConte Annex





		Temperature Profile										Coldest						Hottest						Minimum				Maximum

				20		20		20		20		20		20		20		 		 		 		 		 		 		 

		20		57.5		57.3		57.0		55.4		53.9		52.7		52.5		 		 		 		 		 		 		 

		20		57.5		57.9		57.0		55.9		53.9		52.7		52.1		 		 		 		 		 		 		 

		20		58.4		58.1		57.0		57.9		54.1		52.5		52.5		 		 		 		 		 		 		 

		20		58.8		57.9		58.1		55.4		53.7		52.5		51.8		 		 		 		 		 		 		 

		20		59.3		57.3		55.7		54.3		52.7		52.3		52.8		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		Velocity Profile										Slowest						Fastest						Minimum				Maximum

				20		20		20		20		20		20		20		 		 		 		 		 		 		 

		20		331		350		272		643		779		643		632		 		 		 		 		 		 		 
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Modeling Shapes in the Clouds
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A Few Things to Know about the Clouds 
that Follow
1. They are not real data, rather, they are created with a spreadsheet tool 
2. The tool uses an hourly weather data file, engineering calculations, and 

logic to simulate the MAT vs. OAT relationship that you would see for 
various economizer operating conditions

3. The tool uses hourly data to allow the picture of an entire year to be 
painted;  a Minneapolis-St. Paul, Minnesota TMY3 file was used for 
these slides

4. Meaningful logger data for an analysis of this type likely needs to 
sampled a 15 minutes for the OAT and 1-5 minutes for the MAT;  faster 
is better for the MAT.

5. The patterns match my experience and observations over the course of 
my career but are a bit more perfect than real data would be



A Few Things to Know about the 
Spreadsheet Tool Behind the Clouds
The Tool as a Training Aid
1. Models integrated and no-integrated 

economizers
2. Models normal operation and common 

faults and allows them to be contrasted
3. Models the impact of improved mixing 

effectiveness

The Tool as a Diagnostic Aid
1. Real data can be added to the charts to 

allow it to be contrasted with the various  
operating patterns

2. The potential for coil freeze-ups can be 
assessed for a functional economizer in 
a given climate with a field-based input 
for the mixing effectiveness

3. The number of hours were a given 
disfunction would cause problems can 
be assessed

4. Rough order of magnitude savings 
projections can be developed using the 
data for the contrast between actual and 
ideal operation for a given system0%
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OAT High Limit Set Point, °F
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Perfect Lines – Integrated Economizer
The High Limit Set 

Point is Reflected in 
This Segment of the 

Perfect Lines 
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Mixed Air/Leaving Air Set Point,°F

OAT High Limit Set Point, °F
Minimum Outdoor Air Percentage
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Setting ObservedDesign
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Perfect Lines – Integrated Economizer

100% OA

Minimum OA
0% OA

The Slope of the Segments 
Correlates with the OA 

Percentage in Different Modes
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Perfect Lines – Integrated Economizer
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Assumed Return Temperature,°F
Mixed Air/Leaving Air Set Point,°F

OAT High Limit Set Point, °F
Minimum Outdoor Air Percentage
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20%

73.0
55.0
72.0
30%

Setting ObservedDesign

55.0

How Well is This One Working?
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Assumed Return Temperature,°F
Mixed Air/Leaving Air Set Point,°F

OAT High Limit Set Point, °F
Minimum Outdoor Air Percentage

73.0
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73.0
55.0
72.0
30%

Setting ObservedDesign

55.0

How Well is This One Working?

Filtering out the off hours helps!
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Assumed Return Temperature,°F
Mixed Air/Leaving Air Set Point,°F

OAT High Limit Set Point, °F
Minimum Outdoor Air Percentage

73.0
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73.0
55.0
72.0
30%

Setting ObservedDesign
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How Well is This One Working?

Filtering out the off hours helps!
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How Well is This One Working?

But before you do that, its worth thinking 
about what they might be telling you
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How Well is This One Working?

But before you do that, its worth thinking 
about what they might be telling you

The night setback 
temperature may 

be about 60°F
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How Well is This One Working?

But before you do that, its worth thinking 
about what they might be telling you

There may not be night set-up, or if 
there is, it is set in the upper 80’s°F
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How Well is This One Working?

But before you do that, its worth thinking 
about what they might be telling you

Damper leakage or an outdoor location 
for the unit may be causing near-

freezing mixed air plenum temperatures 
over a long, cold weekend
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How Well is This One Working?

Returning to the operating hours focus
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How Well is This One Working?

Returning to the operating hours focus

Minimum outdoor air 
percentage is higher 
than design
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How Well is This One Working?

Returning to the operating hours focus

Outdoor high limit is 
higher than design
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How Well is This One Working?

Returning to the operating hours focus

Minimum outdoor 
percentage is higher 
than design confirmation



Some things may be harder to see in a time 
series vs. the diagnostic plot we are using

How Well is This One Working?
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Near perfection looks like this

The cloud follows the line but is not a 
perfect line due to things like sensor  

accuracy, hysteresis, etc.
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What’s going on here?
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Perfection- Integrated Stuck on MOA

What’s going on here?

System stuck on minimum outdoor air
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What’s going on here?
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What’s going on here?

System stuck on maximum outdoor air
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What’s going on here?
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What’s going on here?

Outdoor air temperature-based economizer override, 
probably put in place to protect coils from freezing
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What’s going on here?
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Perfection- Integrated Override - Date Range

What’s going on here?

Date range-based economizer override, probably 
put in place to protect coils from freezing
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What’s going on here?
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Perfection- Integrated RA Damper Seal Leak

What’s going on here?

Return air damper leaking either due to missing blade seals, insufficient 
seating torque, jack shaft alignment issues or bent or damaged blades
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What’s going on here?
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Perfection- Integrated OAT Calibration Error

What’s going on here?

Controlling outdoor air temperature sensor reads high from the 
perspective of the erroneous senor

Pattern shifted right 
relative to perfection
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Perfection- Integrated OAT Calibration Error

What’s going on here?

Controlling outdoor air temperature sensor reads high from the 
perspective of the erroneous senor

High Temperature MOA Line Lower 
than Ideal but Follows Slope (if 
MOA % is the Same as Ideal)
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What’s going on here?
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What’s going on here?

Controlling outdoor air temperature sensor reads high from the 
perspective of an accurate outdoor air temperature sensor



Another Way of Looking At It
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What’s going on here?

Controlling outdoor air temperature reads low error from the perspective 
of the erroneous sensor
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What’s going on here?

Controlling outdoor air temperature reads low error from the perspective 
of an accurate outdoor air temperature sensor



What’s going on here?
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Its important to recognize that since 
outdoor air temperature is not what is 

controlled by the economizer, this 
error does not mean the economizer 

is not working properly in terms of 
mixing and transitions between 
operating modes;  it probably is
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What’s going on here?What’s going on here?
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But it does impact the things controlled by outdoor air like the 
change-over to minimum outdoor air during hot, humid weather 

(note red squares with yellow fill)



What’s going on here?What’s going on here?

The time series view may be helpful in cases like this since it shows when 
the issue is having an impact (note yellow squares with red outline)
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What’s going on here?What’s going on here?

Using spreadsheet functions 
like =COUNT() can further 

quantify the issue and 
opportunity
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The formula in this cell is 
=COUNT(BD73:BD8832) which increments 

by 1 if the value in BD is a number
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What’s going on here?
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What’s going on here?

The OAT sensor is being influenced by the sun (but it really is not
obvious in this type of plot)



How Well is This One Working?
• Return air temperature - 73.0°F 

(including gains)
• Mixed air set point - 55.0°F
• OA high limit set point - 68.0°
• MOA percentage - 20%

The time series view provides more insight on this type of fault, 
especially if you create a series to highlight the issue



How Well is This One Working?

The time series view provides more insight on this type of fault, 
especially if you create a series to highlight the issue

The red dot series is the solar influenced 
OAT;  the solid blue line is reality

The red squares with yellow highlights are hours when the 
solar influence cause the change-over to happen 
inappropriately, which can be counted with =COUNT()
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If the mixed air dampers are being 
controlled by this averaging sensor 
(where the air is truly mixed) in sequence 
with the cooling valve, then the 
economizer may be working just fine …
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If the mixed air dampers are being 
controlled by this averaging sensor 
(where the air is truly mixed) in sequence 
with the cooling valve, then the 
economizer may be working just fine …

… even though the temperature reported 
by this single point sensor says there is 
something wrong because its reading is 
skewed by its location in the plenum
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An averaging sensor does not guarantee 
accuracy if it is not calibrated and/or does 
not adequately cover the plenum area



Mixed Air Sensor Bottom Lines
The patterns in the resulting data 
clouds may not be immediately 
obvious until:
• You have been exposed to them
• You have had a chance to think 

about them
Thus, this, the tool behind 
this presentation and the 

presentation itself
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What’s going on here?
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What’s going on here?

Data is from a single point sensor 
• Located in the warmest spot in the mixed air plenum
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What’s going on here?

Data is from a single point sensor 
• Located in the warmest spot in the mixed air plenum
• Economizer/mixed air dampers are controlled by a sensor 

downstream where the air is truly mixed
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What’s going on here?
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What’s going on here?

Data is from a single point sensor 
• Located in the coldest spot in the mixed air plenum
• Economizer/mixed air dampers are controlled by a sensor 

downstream where the air is truly mixed
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What’s going on here?
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What’s going on here?

Data is from a single point sensor 
• Located at the point where the temperature is midway between 

the two extremes in the plenum for the given operating 
condition

• This is not necessarily (probably not) the average mixed air 
temperature



0%

50%

100%

150%

200%

250%

300%

350%

400%

450%

500%

0

10

20

30

40

50

60

70

80

90

100

-30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110

M
ix

in
g 

Ef
fe

ct
iv

en
es

s 
(1

00
%

 is
 th

e 
m

ax
im

um
 p

os
si

bl
e)

M
ix

ed
 A

ir
 T

em
pe

ra
tu

re
,°

F

Outdoor Temperature, °F

MAT vs. OAT

Perfection- Integrated Single Point MAT Single Point MAT Control Mixing Effectivness

The impact of a single point 
sensor in the warm spot 
controlling the economizer 
process
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Perfection- Integrated Single Point MAT Single Point MAT Control Mixing Effectivness

The impact of the single point 
sensor in the cold spot controlling 
the economizer process
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The impact of improved mixing 
effectiveness (11% - 54% for the pink 
cloud vs. 31% - 74% for the green 
cloud)



Highlighting Improved Mixing



Highlighting Improved Mixing
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Fewer Sub-freezing Plenum Conditions
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Fewer Sub-freezing Plenum Conditions
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