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Conservation of Mass in a Mixed Air Plenum

» dh

2l

RA = Return Air RA

SA = Supply Air or i
Mixed Air
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Conservation of Mass in a Mixed Air Plenum

i m@etumf’%ir = mMixedAfr‘

= Mass flow rate for outdoor air in consistent units
Myeirnair = Mass flow rate for return air in consistent units

Myiveqai = Mass flow rate for mixed air in consistent units
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Conservation of Energy in a Mixed Air Plenum

> @
4 »

‘ 1 Btu

2l

RA = Return Air RA

SA = Supply Air or
Mixed Air ‘ 1 Bty

This is the first law of thermodynamics
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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
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Conservation of Energy in a Mixed Air Plenum
Pi 4 A 4 PoVa 2 | A
J J 29T J

Q+u + +U, +

_|_
J J 2qg9J
Where:

Q = Heat in Btu/Ib
W = Shaft work, ft-Ib/Ib
u = Internal energy, Btu/Ib

pv = Flow work; pressure in Ib/ft* x specific volume in ft°/Ib, ft-Ib/Ib
J = Mechanical equivalent of heat; 778 ft-1b/Btu

V = Velocity in feet per second

g = gravitational constant, 32 ft/sec/sec

This is the first law of thermodynamics stated mathematically
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Conservation of Mass and Energy in a
Mixed Air Plenum

o4 Amuﬂ
A Vo.M

RA = Return Air

SA = Supply Air or
Mixed Air
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Conservation of Mass and Energy in a
Mixed Air Plenum

2 = 2
Q-+, mx u1+p1v1+21+ V =m+z2 m x u2+PZV2+ZZ+V2
J J 2qJ J J J 2g9J

Where the bar over the Q and W terms (Q and W) means that the heat
transfer and/or work are being done at some sort of rate, like Btu/hr or
ft-Ib/hr, and the dot over the m term (m) means a mass flow rate, like
pounds per hour.

The 2. symbol means that the parameters inside the parenthasis are
totalled up for all of the fluid streams on each side of the equation.
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Fast Forwarding ...

| THINK. YOU
SHOULD BE MORE
SPECIFIC HERE IN

STEP TWO




Ta-Da

(tMixedAir B tRetur'nAir' )

‘7 —
°OutdoorAir — t t
( OutdoorAir ReturnAir')

See Economizers — The Physics of a Mixed Air Plenum at
www. AVBrDAS.Wordpress.com for the in-between steps
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A Few Other Useful Relationships

0/ ReturnAir
°OutdoorAir

|:(32 B tReturnAir' )} +

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

itixed Mesign CreturnAir

+t

ReturnAir

Y/
°OutdoorAir

Where t,, is the design mixed air temperature

ixedAirDes,.gn
for the system and is the outdoor temperature
that will create that condtion.
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A Few Other Useful Relationships

o
t/VIixedAir — [/°OutdoorAir' X (tOutdoorAir' B tRetur'nAir' ):| T tRetur'nAir

Where t,,

given outdoor air and return air femperatures and flow
percentages

is the mixed air tfemperature created by the

ixedAir

TAB 14-4 - ASSESSING AN ECONOMIZER




TAB 14-4 - ASSESSING AN ECONOMIZER




N
. Lovidori
- S0zH
N 27
M \\\\\\\\\\\\ W_Dﬁm_o_\,_\m\O\_/_D 14501
: xw He e
- D Poiy]

& e
; e ,,,,,,, 15011
. I z ,,, |4 —
L7 I N KA - A 00
: 2 _X A48 |
- D A e (R Y7 § 0 G § Vel
- CoSA - AN | -2 AL A -
- d\ m‘ -3 O Ukl%4
- /- 8717 6]
- o e 2]
£ P4 O A 1-
wlm 77 mNH

& ST
[ o .= 34
Mw m\\M‘w

W
_ 3 i
r +~
[ 7~ 0§
o
. —
Y V.
N P
1N\
<O
‘\\ —
s
\\ \4\'
@@ \\ \\
ALY
e
12 < TR,
; / / \\ \\ \\ \\ ;\V\ \\
%\V\ \\\ \\ \\ \\ \\

Ir wi
A
OQ-

<0

- -3.2°F/50% RH

Space — 75°F/40% RH

10

o
=}
8 =

ALTITUDE: 7 FEET

| -
@©
© O
3 <, \&) oo S
%m | - .m \N\ N / o
£ (@) m ®,+ S
52| 9 53 S T, K
P I < O Lu <,
.. - llo -+ > NN
-« LW g 1090 = o
gz & i3 2 N
20 4 S o
D B 2 ElE (qp)
N w 2 z(S Y
g g : S
PC N@Q T
o2 o
g S
w
=% =
£¢ 3
3% hw

Design OAT
result in a
plenum?

Outdoor Ai

ENTHALPY - BTU PER POUND OF DRY AIR

s

0
TAB 14-4 - ASSESSING AN ECONOMIZER

Chart by: AKTON PSYCHROMETRICS, www.aktonassoc.com
D:\Blog\2015-09\2015-09-03 Scatter Plots\Mixing for 32°F - Step 1.aad



AN
7

10

ALTITUDE: 7 FEET
o

g
=]

~302!]
1450
.
oL
57
,m@rm
Bzt
T DO_M
[ 0041
e oW A
3 6]
L =N -]
IN- w\l /L\
SRS o061
u\\U\ ,,\W,,H\
rS X ,},m
N S /58]
A< 1=
£ va
-7 27X 08}
S8 -7
- - 2E
© > S — AT 169
) - e gy (i <oy g y
W o0, \ 7\\ Z1757C \/1/‘ >~ - 71" \\\H\\MFOM 7] \Lﬁ\MN
;S o0 S i/ N e A .S Vi & i, 1144
/ / 7 7/ 7/ Z — < \,, \\ON\
; ’ \\ \\ ~ S \/A | I i P N I - — — \\\
\\ 7/ /7 / \\ \\ _ L L= | A | \\\H\ H\P\\\\ — ¢U
/ / - o A | -7 1
Vro \\ \\ \\ \\ / \\ > \\\\/ R - \\ / . .
7 / 7/ , \\ \\ \\ 6 _/ ~ ™~ \H\\\\\\\ -
\\ \\ \\ \\ 7 \\ \\ wHM\N\\\ \\\ \WH H\
; 2, , A 66— P—F < 9 A
\\ 7/ 7 / 7 / 7/ © - —A— M\ -7
/ / 7/ 7/ \\ \\ \\ \\ \\\\ 5 - -
’ -
DWU ; \\ , \\ \\ \\ \\ \\ ) _ — — 7
/ / / / / /7 \\ 5 o . \H
7 7/ \\ \\ \\ \\ , \\ ) o H\ \\
/ \\ \\ \\ \\ \\ /vm, \\ \\ 7 -
\\ \\ \\ \\ \\ % \\ Yol \H
>
a-mvo ; \\ \\ \\ \\ \\ / 0& \ 7N Y
S S Ky, , S
7/ 7/ 7/ /7 7 7/ /V /
P S >
\\ \\ \\ \\ \\ \@\ 7/
/7 7/ / / \\ > O\\
Ja\o / \\ \\ \\ \\ \\ \\«V@w
7 \\ \\ \\ \\ \\ \\0
R 7 7 s \\ \\
— &V\ J/ A ’ ’
(@] — - / 7 \\ \\ \\
X = .= % O, ,
o = s, AL o
(] o) P o
S o Q\v S S
S /
e 0w L -5 n, & S
‘ ~—~ - — % ) ) )
L T O % ey
XN < R
g 0. N0 & .2 o/\@ i
-8 :
.m% QA o (@) m o S
. /
g8 4 s 2 O %,
2T Mg o %
&% 1 LL W,
N = I ~ = o o/
. L < o ) S
W w Sw.oT 1 __ S
5T 4 S ° N
23| o S (@)
28| 3 =I5 O ™
o 2 A Y—
wc 250 _
Or o
£r S~
TE (D) —
38 8]
22 @
3£ © ~
o< pW

Design OAT

result in a
plenum?

s

0

Chart by: AKTON PSYCHROMETRICS, www.aktonassoc.com

ENTHALPY - BTU PER POUND OF DRY AIR

D:\Blog\2015-09\2015-09-03 Scatter Plots\Mixing for 32°F - Step 2.aad

TAB 14-4 - ASSESSING AN ECONOMIZER



AN
7

.001s
o
N

—
L

_ \*”’

o)
[
-

(s
—
L

ol o] 1

191
=
Ll

|

1Y

I
(i

2%
g

’\\T\i\jf:‘/ ;

o
=}
=

I8

o
il

1.0

10

ATMOSPHERIC PRESSURE: 14.693 psia
o

BAROMETRIC PRESSURE: 29.915 in. HG

ALTITUDE: 7 FEET

g
=]

N

4

3

X

N%QQ

HUMIDITY RATIO Aw

Design OAT

ENTHALPY _ Ap

Return Air, Humidified ™
N

Ny

Ul
i N e]
P

S

T
L

L\

)

- -3.2°F/50% RH

Space — 75°F/40% RH

What % of outdoor a

iIr wi

32°F mixed air

result in a

X
|

e

9N

\;4\|

@/W L I

o,

\&V\\
N5} K -

v / \\ \\ \\ B &\0
7 \\\ \\\ 7 \ "b ‘.\\

% A VA
i/ A /
o, 5% R\

0 , , % L
<, ;) :

\Mo 7 - ,
<~ /0 / ’
% o

O\\M -MO ; P ’ /
«@ ; \\ 4
- a
O\VV\ 7
\M\\\N\
N

plenum?

i)
=

<)
=

s

0

Chart by: AKTON PSYCHROMETRICS, www.aktonassoc.com

ENTHALPY - BTU PER POUND OF DRY AIR

D:\Blog\2015-09\2015-09-03 Scatter Plots\Mixing for 32°F - Step 2.aad

TAB 14-4 - ASSESSING AN ECONOMIZER



AN
7

1

,mON\_\\ Aln

1 2l DS

) o

|1 Gh1 m

A &

0Ll W

7t o3

BEps

(GO A o

7% W

-7, o

o]

| Vet -

.7 Vo _4 >

e gef &

S oy 2

= o, B

\UH\‘ ,,,\N,,\M w
7] T =1

H\‘ \ ,\R%
_ . Tmmw‘
\MQ .,,U\\
— — ,{L|\.
57 708
\.m ,,M4H
- s
G/9

|
LN L

e

T
<)
=

s

0

TAB 14-4 - ASSESSING AN ECONOMIZER

|
?\Q-

Ir wi
&

1.0

HUMIDITY RATIO Aw

Design OAT

- -3.2°F/50% RH

32°F mixed air

ENTHALPY _ Ap

N%QQ

10
Chart by: AKTON PSYCHROMETRICS, www.aktonassoc.com
D:\Blog\2015-09\2015-09-03 Scatter Plots\Mixing for 32°F - Step 2.aad

o
=}
8 =

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

ALTITUDE: 7 FEET

Space — 75°F/40% RH
What % of outdoor a
result in a

plenum?



%
N

1.0

10

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

ALTITUDE: 7 FEET

8

Qt

2

I
=
<
w
I
w
-
=
2
|

TOTAL HEAT

ENTHALPY _ Ap

HUMIDITY RATIO Aw

tn

(

320 °F
75.0 °F

Mixed air temperature (MAT)
Return air temperature (RAT)
Outdoor air temperature (OAT)

ixedAir tReturnA ir )

%
°OutdoorAir

(tOutdoor‘A ir tReturnAir )

-3.2 °F
20,000 cfm

Supply flow (SAF)

Outdoor air flow (OA Flow)

10,997 cfm

55%
9,003 cfm

Outdoor air percentage

RA Flow

AN
£

\\H‘\‘

-9 /-9 \0 - g
s i e

RN m@

aNNOd d3d H._W_D._.w_OS_ 'SANNOd - OLLY

\\\\\W\\

A\WN Funlvea
S \\\w

N
+.001s

Sal

—
L

o
[t N
LA

(s
—
L

1

?\

ol o] |
Ll

Y
T

NS
)
Ul
\

O
e
Ll

il

1Y

|

(i

=
=}
=

I8

2%
)

AW

s

L
=N
|

=
SN

|
|

;
DS
T
\\\q\)

i

|
Return Air, Humidified!

NN
s
+O
o
g

U
-

o
0
=

[N
N\\\E

L1
N

N

===

Outdoor Air

0

Chart by: AKTON PSYCHROMETRICS, www.aktonassoc.com

ENTHALPY - BTU PER POUND OF DRY AIR

D:\Blog\2015-09\2015-09-03 Scatter Plots\Mixing for 32°F - Step 2.aad

TAB 14-4 - ASSESSING AN ECONOMIZER



ALTITUDE: 7 FEET % S
BAROMETRIC PRESSURE: 29.915 in. HG NN TR TNG TN :/*N\: \N\:\‘\ o
ATMOSPHERIC PRESSURE: 14.603 psia. NS UTANN SRS ANUED SUERS VARNN ERSVANSYIS )
N “ BN l“lllﬂhl/N‘“H‘H{
o8 SENSIBLE HEAT — Qs N AR SN YD D ik
TOTALHEAT ~ at “tp Coos AN N N A PN AN N PN o R
o® y gy N S IO LN LN Ll L H'\O\Z“‘%‘
o 50 N ~_ 8 \\/\\\ NG NG N N NG| N
(2 2 LN NN \\\\A\ A VAN VN B SN AN, N Lo
4 N N A NUT /N ERNVARCER N1 RN
NN NN PN N DAL R IRV
ERNENANERLNEER EEANE/AANEEANY AR NEERAN RS
5 AN AN TN ‘ 021
§ = AN . \\t/y‘l‘/ :\:\ 1\‘4W‘H\\‘\‘:\‘:\§/\\J
ENTHALPY _ Ap NN NN NG OO IN N NG WL NN R
MY RIS o I NN N a3 G SR A S TR B A
RN N N NYRR N | DA T N N /T N N R
N \ _ 7r Nn1Q
Mixed air temperature (MAT) = 320 °F . (tMixedAir' _ tReturnAir')
Return air temperature (RAT) = 75.0 °F /°0utdoor'Air = (t “t )
Outdoor air temperature (OAT)= -3.2 °F OutdoorAir — "ReturnAir
Supply flow (SAF) = 20,000 cfm
Outdoor air flow (OA Flow) = 10,997 cfm
Outdoor air percentage = 55%
RA Flow = 9,003 cfm
ST NN [ 2
ERUANIR VAR 2
IR A NE N | A a
LN NN N N 1A
| | /1 N X
N TN DR TN N
L ENO N N Y
O ] LU
‘\\S‘H\ IANPAN ¢ %‘
N AN S PR AT =
TT TR TR T \N\\\\\ 077009
| VN 70 RS MERN )
N N} o
(I BN W AN E;&H
SN AN D 0%
NERD @R LN >N
ed 30
EANCER ﬂ_< \
" oo
1R =
NP S0t
L a0y
‘\ ‘:\\1 gw?“.u \
e 57003,
°/°\EH ‘ T N
NS BNYN
o &\ N S
N EEES \1,44%\\ \i#\w
Outdoor Air\__Quer= 1\%; ] Mlxed Alr' Brv SAUDNIDS M” 100
rAINY e | ) y " Nl \\\J,zo/a w| NS
E = T re) ; TTO . -
if"u?’ QEFUOE ,\%’Q;%}\“%“(NRT%NJ“‘@K‘ 5 7 13/16" = 4 9/32 OOI?‘\O‘O’\\ ‘::\}\\\\\ AT ‘HS\ o
55% of

Chart by: TON ,F:SYCHROMETRICS, www.aktonassoc.com N
- ENTHALPY - BTU PER POUND OF DRY AIR
D:\Blog\2015-89\2015-09-03 Scatter Plots\Mixing for 32°F - Step 3,330 s

(¢ 7—13ﬂg 14-4 - ASSESSING AN ECONOMIZER 3

Nn
2




Assessing the Perfect Economizer Using
These Relationships

What is a Perfect Economizer?
Does not provide cooling if the preheat process is active

Promotes good mixing
Based on the true mixed air temperature

Set point is properly coordinated with other HVAC processes

occurring in the system

Integrated with mechanical cooling to minimize energy

consumption

— Mechanical cooling not used until outdoor air can not meet
set point

— Qutdoor air setting returned to the minimum requirement
when outdoor air conditions make it no longer suitable for

cooling
Disabled when the system is not in operation
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Painting a Picture of the Perfect Economizer

Plot mixed air temperature (the dependent variable) as a function of
some other economizer related parameter like outdoor temperature
(the independent variable)

There should be a predictable mixed air temperature for every value
of the dependent variable

The predicted data points for a perfect economizer will draw a line
on the graph

The data points for a real economizer will create a cloud when you
plot them

— Cloud follows the perfect economizer line —

— Cloud doesn't follow the perfect economizer line — (and a
clue about What is Wrong)
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Painting a Picture of the Perfect Economizer

-
o
v
Y
[l
=3
-'—
o
O
]
a
E
Y
—

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130

- [+]
Outdoor Air Temperature, 'F




Mixed Air Temperature Set Point = 55°F
Target Minimum Outdoor Air Percentage = 20%
Preheat Coil Discharge Set Point = 54°F
Cooling Coil Discharge Set Point = 56°F
Assumed Return Air Temperature = 72°F

Outdoor Air Drybulb Limit Set Point = 68°F

Dashed Lines Parallel to SolidLines Represent Sensor
Aceuracy Band

Activity

L
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o
o
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LY
ke

Preheat and

To start, we need to set some of the other
variables. If they are not fixed, then the
data scatter due to “normal” conditions
increases and the analysis becomes a bit
more complex. Not Active

Preheat Active

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130
Outdoor Air Temperature, oF
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Ideal Integrated Economizer Operation

Mixed Air Temperature Set Point = 55°F
Target Minimum Outdoor Air Percentage = 20%
Preheat Coil Discharge Set Point = 54°F

Cooling Coil Discharge Set Point = 56°F
Assumed Return Air Temperature = 72°F

Outdoor Air Drybulb Limit Set Point = 68°F

Dashed Lines Parallel to SolidLines Represent Sensor
Aceuracy Band

Activity
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u]
C
o
o
E
LY
ke

Preheat and

Next:
Pick an easy to define point

on the grid
Preheat Active

Not Active

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130
Outdoor Air Temperature, oF
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Ideal Integrated Economizer Operation

Mixed Air Temperature Set Point = 55°F
Target Minimum Outdoor Air Percentage = 20%
Preheat Coil Discharge Set Point = 54°F

Cooling Coil Discharge Set Point = 56°F
Assumed Return Air Temperature = 72°F

Outdoor Air Drybulb Limit Set Point = 68°F

Dashed Lines Parallel to SolidLines Represent Sensor
Aceuracy Band

Activity

L
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3
-
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C
o
o
E
LY
ke

Preheat and

As the outdoor air cools off, the mixed air

should follow this line if everything is working
Preheat Active

Not Active

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130
Outdoor Air Temperature, oF
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Ideal Integrated Economizer Operation

Mixed Air Temperature Set Point = 55°F
Target Minimum Outdoor Air Percentage = 20%
Preheat Coil Discharge Set Point = 54°F

Cooling Coil Discharge Set Point = 56°F With a given minimum
Assumed Return Air Temperature = 72°F outdoor air condition, there

Outdoor Air Drybulb Limit Set Point = 68°F ill b td
Dashed Lines Parallel to SolidLines Represent Sensor wi € some outdoor

Accuracy Band temperature at which you
will no longer be able to
maintain the desired mixed

air set point

Activity
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ke

Preheat and

tMixedAirDes,.gn = tReturnAir

+t

ReturnAir

tOutdoor'A ir —

0,
TooutdoorAir Preheat Active

Not Active

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130
Outdoor Air Temperature, oF
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Ideal Integrated Economizer Operation

Mixed Air Temperature Set Point = 55°F
Target Minimum Outdoor Air Percentage = 20%
Preheat Coil Discharge Set Point = 54°F
Cooling Coil Discharge Set Point = 56°F
Assumed Return Air Temperature = 72°F

Outdoor Air Drybulb Limit Set Point = 68°F

Dashed Lines Parallel to SolidLines Represent Sensor
Aceuracy Band

Activity
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o
E
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ke

Preheat, Min. OA

Preheat and

The relationship between the falling outdoor
temperature and the mixed air temperature it will
produce with a given MOA will define this line
Preheat Active
tMixedAir' T [%Outdoor'Air % (tOutdoorAir' - tReturnAir )} + tRetur‘nAir‘
Not Active
-40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90 100 110 120 130

Outdoor Air Temperature, oF
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Ideal Integrated Economizer Operation

Mixed Air Temperature Set Point = 55°F
Target Minimum Outdoor Air Percentage = 20%
Preheat Coil Discharge Set Point = 54°F

Cooling Coil Discharge Set Point = 56°F
Assumed Return Air Temperature = 72°F

Outdoor Air Drybulb Limit Set Point = 68°F

Dashed Lines Parallel to SolidLines Represent Sensor
Aceuracy Band

Activity
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Preheat, Min. OA

Preheat and

During this portion of
the cycle, preheat will

be necessary
Preheat Active

Not Active

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130
Outdoor Air Temperature, oF
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Ideal Integrated Economizer Operation

Mixed Air Temperature Set Point = 55°F
Target Minimum Outdoor Air Percentage = 20%
Preheat Coil Discharge Set Point = 54°F
Cooling Coil Discharge Set Point = 56°F
Assumed Return Air Temperature = 72°F

Outdoor Air Drybulb Limit Set Point = 68°F

Dashed Lines Parallel to SolidLines Represent Sensor
Aceuracy Band

Activity

tM ixedAir — tOutdoor'A ir

L
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E
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ke

Preheat, Min. OA

Preheat and

Inteq rated Economizer

Going the other way:
With an integrated economizer, the mixed air
temperature and outdoor air temperature will Preheat Active

be the same above the mixed air set point ,
Not Active

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130
Outdoor Air Temperature, oF
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Ideal Integrated Economizer Operation

Mixed Air Temperature Set Point = 55°F
Target Minimum Outdoor Air Percentage = 20%
Preheat Coil Discharge Set Point = 54°F

Cooling Coil Discharge Set Point = 56°F
Assumed Return Air Temperature = 72°F

Outdoor Air Drybulb Limit Set Point = 68°F
Dashed Lines Parallel to SolidLines Represent Sensor

Activity
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Preheat, Min. OA

Preheat and

Infegmted Ee;;ﬁor;iz er
When you hit the economizer high limit

condition, you should return to a minimum
outdoor air condition Preheat Active

Not Active

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130

Outdoor Air Temperature, oF
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Ideal Integrated Economizer Operation

Mixed Air Temperature Set Point = 55°F
Target Minimum Outdoor Air Percentage = 20%
Preheat Coil Discharge Set Point = 54°F

Cooling Coil Discharge Set Point = 56°F
Assumed Return Air Temperature = 72°F

Outdoor Air Drybulb Limit Set Point = 68°F

Dashed Lines Parallel to SolidLines Represent Sensor
Aceuracy Band

Activity
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Preheat, Min. OA

zer Cooling

Preheat and

In'l'egmi'ed Economizer

That sets the length of the line associated
with this portion of the process

Preheat Active
Not Active

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130
Outdoor Air Temperature, oF
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Ideal Integrated Economizer Operation

Mixed Air Temperature Set Point = 55°F
Target Minimum Outdoor Air Percentage = 20%
Preheat Coil Discharge Set Point = 54°F
Cooling Coil Discharge Set Point = 56°F
Assumed Return Air Temperature = 72°F

Outdoor Air Drybulb Limit Set Point = 68°F

Dashed Lines Parallel to SolidLines Represent Sensor
Aceuracy Band

Activity

O,
tMixedAir' - |:A’OutdoorAir o (tOutdoor'Air T tReturnAir' ):| + tReturnAir

L
=]
)
W
C
3
-
u]
C
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o
E
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ke

Preheat, Min. OA

zer Cooling

Preheat and

In'l'egmi'ed Economizer

Next, ask yourself some questions:
What will the mixed air temperature do if the
outdoor temperature continues to rise with

the system on minimum outdoor air? Preheat Active

Not Active

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130
Outdoor Air Temperature, oF
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Ideal Integrated Economizer Operation

Mixed Air Temperature Set Point = 55°F
Target Minimum Outdoor Air Percentage = 20%
Preheat Coil Discharge Set Point = 54°F

Cooling Coil Discharge Set Point = 56°F
Assumed Return Air Temperature = 72°F

Outdoor Air Drybulb Limit Set Point = 68°F

Dashed Lines Parallel to SolidLines Represent Sensor
Aceuracy Band

Activity
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Preheat, Min. OA

Preheat and

I
You can predict the mixed air condition on Mechamonl Couting: Min: ©4
minimum outdoor air when it is warm, just like
you did for when it was cold and develop a

line for that part of the process Preheat Active

+t Not Active

tReturnAir )} ReturnAir
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Ideal Integrated Economizer Operation

Mixed Air Temperature Set Point = 55°F
Target Minimum Outdoor Air Percentage = 20%
Preheat Coil Discharge Set Point = 54°F
Cooling Coil Discharge Set Point = 56°F
Assumed Return Air Temperature = 72°F

Outdoor Air Drybulb Limit Set Point = 68°F

Dashed Lines Parallel to SolidLines Represent Sensor
Aceuracy Band

Activity
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Preheat, Min. OA

Preheat and

Once the mixed air temperature g A g o

i ) ] Mechanical Cooling, Min. OA
is above the mixed air set

point, the mechanical cooling

process should kick-in thoehonerk Ak

Not Active

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130

Outdoor Air Temperature, oF

TAB 14-4 - ASSESSING AN ECONOMIZER




Ideal Integrated Economizer Operation

Mixed Air Temperature Set Point = 55°F
Target Minimum Outdoor Air Percentage = 20%
Preheat Coil Discharge Set Point = 54°F
Cooling Coil Discharge Set Point = 56°F
Assumed Return Air Temperature = 72°F
Outdoor Air Drybulb Limit Set Point = 68°F

Dashed Lines Parallel to Solid Lines Represent Sensor
Accuracy Band

Activity
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Preheat, Min. OA

Preheat and

You can add other o O

. Integrated Economizer
enhancements to define error MeichiniLod Gos ling, ik OA
bands, temperatures you
should see with preheat or

Not Active
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ldeal Integrated Economizer Operation

Mixed Air Temperature Set Point = 52°F
Target Minimum Qutdoor Air Percentage = 20%
Preheat Coil Discharge Set Point = 51°F

Cooling Coil Discharge Set Point = 53°F
Assumed Return Air Temperature = 72°F
Qutdoor Air Drybulb Limit Set Point = 68°F

Dashed Lines Parallel to SolidLines Represent Sensor
Accuracy Band

Preheat, Min. OA

o)
O

) Activity

Integrated Economizer
Mechanical Cooling, Min. OA

Atlanta Airport Marriott RTU3 Logged Data
2014-12-24 thru 2015-01-05 and
2015-04-30 thru 2015-05-21

Chilled Water active o and leaving temp. ¢
Preheat Active

Not Active
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ldeal Integrated Economizer Operation
Mixed Air Temperature Set Point = 52°F

Target Minimum Qutdoor Air Percentage = 20%

Preheat Coil Discharge Set Point = 51°F
Cooling Coil Discharge Set Point = 53°F
Assumed Return Air Temperature = 72°F
Qutdoor Air Drybulb Limit Set Point = 68°F

Dashed Lines Parallel to SolidLines Represent Sensor
Accuracy Band

Preheat, Min. OA

Integrated Economizer
Mechanical Cooling, Min. OA

Atlanta Airport Marriott RTU3 Logged Data
2014-12-24 thru 2015-01-05 and
2015-04-30 thru 2015-05-21

Chilled Water active o and leaving temp. ¢

A - ' F ot i
Average mixed air temp.
g .
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Preheat Active

Not Active
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ldeal Integrated Economizer Operation

Mixed Air Temperature Set Point = 52°F
Target Minimum Qutdoor Air Percentage = 20%
Preheat Coil Discharge Set Point = 51°F

Cooling Coil Discharge Set Point = 53°F
Assumed Return Air Temperature = 72°F
Qutdoor Air Drybulb Limit Set Point = 68°F

Dashed Lines Parallel to SolidLines Represent Sensor
Accuracy Band
Preheat, Min. OA

Integrated Economizer
Mechanical Cooling, Min. OA
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Atlanta Airport Marriott RTU3 Logged Data
2014-12-24 thru 2015-01-05 and
2015-04-30 thru 2015-05-21

Preheat Active

Not Active
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115.00 ] Marriott Ballroom RTU3

Performance
December 23 - 24, 2014
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