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What's In This Module

Integrating economizer operation with minimum outdoor
air requirements and managing minimum outdoor air

flow control

The importance of measuring mixed air temperature
accurately (and the challenges)
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Detailed Discussions in Future Classes

INTEGRATING ECONOMIZERS WITH OTHER HVAC AND UTILTIY SYSTEM PROCESSES




Minimum Flow
The Zone Level Relationship with Minimum Outdoor Air

« Based on ventilation requirement in the system
« Contaminant (IEQ) control

* Rule of thumb — 15 cfm of outdoor air required per
person

« Removed via exhaust systems
 Hoods
* Toilet exhaust

« Temperature of delivered air based on the design
dehumidification requirement

« Optimization potential
* Save fan energy
* Save reheat energy
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Under what operating conditions does the minimum
outdoor air setting become critical?
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Optimizing Minimum Outdoor Air Settings
The Benefits Vary with Climate

Annual Temperature Distributions for Different Locations
Based on the Air Force Engineering Weather Data Manual Bin Weather Tables

San Diego Economizer —San Diego FWC

Operation Possible
= Key West Forida Airport Average Bin

Temperature vs. Hours in the Bin

In mild climates,
economizer equipped
systems are at 100%
outdoor much of the
time anyway

00 110 120

Temperature, °F
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Options for Setting System Level Minimum
Outdoor Air Flow

Passive Active

Assume you will get the required Proactively measure and control
flow rate based on related the minimum outdoor air flow

settings and adjustments in the
system

Independent damper

Minimum position setting for
the maximum outdoor air
damper

Supply/return fan speed and
flow control processes
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Damper Sizing Impacts Linearity

Opposed Blade Damper Char:
Developed from the 2001 ASHRAE Handbook of F
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Blade Rotation, ©

Shaft Extension and Blade Rotation for a Pivot Mount Actuator Driving An

wDamper Linkage Arrangements Impact
«Linearity and Damper Seal Performance
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MOA Control References

Minimum Outside Air Damper Indoor Air Quality Primer
Control » By Terry M. Brennan

° By Larry Felker, Associate . Heating, P|p|ng and Air
Member ASHRAE Conditioning (HPAC)
 ASHRAE Journal, April 2002 Ventilation Guide, Spring

Demand Control Ventilation Using 1999
CO, Measurements to Solve IAQ

« By Mike Schell and Dan Int- Problems
Hout, Member ASHRAE * By Terry M. Brennan

 ASHRAE Journal, February « HPAC, July 1999
2001 Real Time Ventilation Control

 Mike Schell
« HPAC, April 2002
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Non-uniform Temperature and Velocity Profiles

Temperature Profile Velocity Profile

692 694 692 699 487 584 370

689 689 687 696 467 643 409

68.9 m 689 696 701 425

Hottest Fastest
Minimum Maximum Maximum

Non-uniform Temperature and
Velocity Profiles
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Damper Parts

« Parallel Blade Damper

Seals

Blades

Axles or
Shafts
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A Conventio Flat Plate Blade
Cross-Sec '




L ]
A Fabricated Airfoil Blade Cross-

Section




An Extruded Airfoil Blade Cross-
Section




An Insulated Blade Cross-
Section™ )
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4 oL :

080 -

Different Profiles = Different Pressure Drops

0.60 4

Static Pressure Loss, in.w.c.

040 N -

0.20 4

0.00
0

500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500

Velocity, fpm

K Dampers
24" x 24" damper size

Damper is the full size of the duct
with straight duct entering and
leaving

—4—Static Loss SMD-203 (V groove
blade)

- Static Loss SMD-301 (fabricated
airfoil)

—a—Static Loss SMD-401 (extruded
aluminum airfoil)




Pressure Drop = Energy

bhp — L Flow x Static J
6,356 x Efficiencyg,,
Where:
Flow = Flow produced by the fan in cfm
Static = Static produced by the fan in inches water column
6,356 = A units conversion constant that will work for air
at the temperatures and pressures typically encountered
in HYAC systems for up to about 2,000 - 3,000 feet in altitude.
Efficiency,,, = Fan efficiency, read from the fan curve, equipment schedule or
estimated from past experience; .40 - .65 for small fans or
propeller or forward curved fans, .60 - .70 for plenum
fans, .70 - .80 for backward included or airfoil fans.
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Pressure Drop Impacts Damper
Performance

o, -
100% 1 Damper Alpha
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5 damper is
—10 1/200 of the
80% o system

20 pressure drop
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wud LS /| A/ _ Damper
. Characteristics
| | [ | [ | ) | | Developed from data in
30% 4+ L AL S S A | the 2001 ASHRAE
- | Handbook of

Fundamentals, Figure 14;

20% 1 : Similar data can be found

|__in the Honeywell Gray ¢ |
Manual and the MCC Developed from data in the 2001 ASHRAE Handbook of Fundamentals,

10% o g’ . i B T T T I I [ Powers Damper Sizing | Figure 14; Similar data can be found in the Honeywell Gray Manual and
| | | | | | | 1 —— Bulletin AE-24 - - - : +—the MCC Powers Damper Sizing Bulletin AE-24

Percent Flow
Percent Flow

0% e

10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Percent Blade Rotation Percent Blade Rotation

Damper pressure drop relative to system pressure drop
determines damper linearity

Rule of thumb:1,500 — 2,500 fpm damper face velocity
required for typical commercial systems
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Static Pressure Loss, in.w.c.

5 B L~ :

Ll S ‘ —e—Static Loss SMD-401 with a
l plenum in and out
120 4
- Static Loss SMD-401 with open
1.00 discharge
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I —i—Static Loss SMD-401 at full duct
size
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Pressure Drop Impacts Damper
Performance
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70% + 0 T T i T )
100 | | | y | | | | : I | | | | | | | | | ; | ! ! | Damper
60% ‘ J Alph (a)
| | || | | [ Y A | /1 Loz | A a=200= |
the damper |
is 1/200 of
the system |
pressure
drop

50% 4 S S I
¢ Opposed Blade
Damper

9 1 T T I, 1 L 1 T 0 .
40% | Characteristics
I [ /| [ " g Developed from data in
30% +———F~ Y et (I the 2001 ASHRAE
Handbook of

Percent Flow

Percent Flow

Fundamentals, Figure 14;

20% 7 7 Similar data can be found =
/.4 | iy [ [ | in the Honeywell Gray \ 17| Parallel Blade Damper Characteristics

o Manual and the MCC Developed from data in the 2001 ASHRAE Handbook of Fundamentals,

10 /0 b g ‘ | - T T T T T Powers Damper Sizing " Figure 14; Similar data can be found in the Honeywell Gray Manual and
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* Resources
MCC Powers AE-24 Damper Sizing Application Bulletin
The Honeywell Gray Manual
ASHRAE Guideline 16 - Selecting Dampers for Economizers
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Jamb Seals

i
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Are blade and jamb seals that important in a mild
environment like we have here in the San Francisco Bay
area?
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Parallel vs. Opposed Blade Dampers

Parallel Blade Damper « Opposed Blade Damper
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Why did | initiate the discussion about non-uniform
temperature and velocity profiles by bringing up the
difference between parallel and opposed blade dampers?
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Mixing Performance Depends Damper
Details

Damper details are critical
Dampers are sized to promote linear characteristics

The higher velocities associated with generating a
meaningful pressure drop in the context of the system
give the air momentum and promote and mixing

Damper blade rotation can (or can not) direct air
streams to promote mixing (or not)
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Strange Things Can Happen

Oversized parallel blade
outdoor air damper with

less-than-desirable Cooling Coil

Zones served by a take-of f

one side of the duct

get only 40 degree F air
and are freezing.

S~

blade rotation. Filters / Air Handling Unit
\\ X ) " Double width, from
—_— s TTEh> » 5 double inlet
40 degree F > : > > » :: , fan. N
outdoor air : s a » » & > > > > [
> > S > > >
» > > > S > > > [ ]
¥ & K > » 3@
aan Ll > » »¥

+e 1\
Oversized parallel blade

75 degree F return air damper with
return air less-than-desirable
blade rotation.

Corrections:

-——— Zones served by a take-off
from the other side of the duct
get only 75 degree F air
and overheat.

* Disable some damper blades to increase velocity

* Flip dampers to direct airstreams together
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Mixing Performance Depends Having Some
Distance to Mix

Dental Clinic AHU Mixed Air and Discharge Air Temperatures

- oforofe| |© o o
April 20, 2015
Enter start date and time ==== o o
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Animation Courtesy Jay Tulley

' ' : The Presidio at Mont
Mixed Air Plenums are Dynamic Places € Fresidio at Monterey
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Dental Clinic AHU Mixed Air and Discharge Air Temperatures
April 20, 2015

Temperature, °F

D R R R W Vi Wi Vs s Wi s Vo o i, ‘

Mon 12 AM Mon 03 AM Mon 06 AM Mon 09 AM Mon 12 PM Mon 03 PM Mon 06 PM Mon 09 PM Tue 12 AM

Monterey Airport Outdoor Temperature Corrected MA Sensor 1, °F

——— Corrected MA Sensor 2, °F Corrected MA Sensor 3, °F
Corrected MA Sensor 4, °F Corrected MA Sensor 5, °F
Corrected MA Sensor 6, °F Corrected MA Sensor 7, °F

——— Corrected MA Sensor 8, °F Numerical Average Mixed Air Temperature, °F

— — = Corrected Cooling Coil Sensor 1, °F - - - - Corrected Cooling Coil Sensor 2, °F

- - - - Corrected Cooling Coil Sensor 3, °F Corrected Cooling Coil Sensor 4, °F

- - - - Corrected Cooling Coil Sensor 5, °F - - - - Corrected Cooling Coil Sensor 6, °F

Corrected Cooling Coil Sensor 7, °F Numerical Average Coolin coil discharge Temperature, °F
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Coils Impact Velocity
and Temperature
Profiles in a Very Short
Distance

Temperature (left) and Velocity (right) measurements at 20% Commanded Outdoor Air between 10:00 am and 11:00 am on 2015-05-15

71.1|74.0|74.7| 74.2 73.11745]|745|75.4

73.7|74.7|75.7| 75.7 75.6 | 76.4]76.1]76.8 ﬂﬂm

73.674.3]|75.6|75.0 75.8|76.3]76.6|76.5

72.9]|73.6]75.6]75.0 75.3|75.2]75.9]175.9

Temperatures in °F at the Temperatures in °F at the Velocities in feet per minute Velocities in feet per minute

entering face of the filters leaving face of the chilled at the entering face of the at the leaving face of the
water coil filters chilled water coil

Outdoor temperature = 58°F, Return air temperature = 77°F. Supply fan speed = 75%, Return fan speed = 65%, Chilled water valve fully

closed. The temperature color gradient is relative to the minimum (blue) and maximum (red) filter face femperatures. The velocity color

gradient is relative to the minimum (orange) and maximum (green) observed filter face velocities.

Theoretical OA % based on the average mixed air temperature at the coil face = 7%. Flow rate based on coil face velocities = 10,004 cfm

Difference from commanded OA% = -13%°F (positive humbers = outdoor air above the commanded %)

Filter face velocity based measurement deviation from coil face velocity based measurement = -6% (negative numbers = low flow)
71.1 71.7 72.3 72.8 73.4 740 746 75.1 75.7 — 456 527 598
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Mixing Performance Depends on Having
Some Distance to Mix
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Mixing Boxes Don’'t Have to be Bolted to the
Air Handling Unit
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Mixing Boxes Don’'t Have to be Bolted to the
Air Handling Unit
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Air Blenders |
A Solution if you Have No Distance for Mixing







Mixing Performance Depends on Accurate
Measurement of the Mixed Air Temperature
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Mixing Performance Depends on Accurate
Measurement of the Mixed Air Temperature

Entering Fitler Temps.

Enc

The sensor to the left is located
where the green dot is in the
matrix above
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2\
Sensing What is Really Going On




Sensing What is Really Going On

Temperatures

_.-"l-‘- / [ 2 1 L /4 |
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Integrating Mechanical Cooling is Harder
than it Seems

e

L

On 100% outdoor air, this
coil can have an
extremely small load on

it when the OAT is in
range of the discharg
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85.0 -
| Le Conte Hall Chilled

Water System Prior to

80.0 - | ~ | Flywheel Operation
Tuesday, January 18, 2011
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Chilled Water Temperature, °F
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Large temperature supply
temperature swings potentially a
problem in terms of maintaining

the desired conditions at the load
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85.0 -
| Le Conte Hall Chilled

Water System Prior to

80.0 - ~ ~ | Flywheel Operation
Tuesday, January 18, 2011
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~
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o
1

Five to six compressor cycles per —CHW Return

hour or more; a.k.a “short cycling”
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Definition

Freezing

DEFINITIONS AND 4BEFUL EQUATIONS




Definition

Water Damage

DEFINITIONS AND &BEFUL EQUATIONS




Definition

Expletive

DEFINITIONS AND B/B8EFUL EQUATIONS




Definition

Significant Emotional Event

DEFINITIONS AND &IBEFUL EQUATIONS




Protection from Freezing

Step 1

Close the outdoor air and relief
dampers when the fan is off

Considerations:
— Hardwired vs. software interlock

ANE SERVICE
1700
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Protection from Freezing

Step 2
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Protection from Freezing

Step 2

Provide a safety interlock; typically
called a “freezestat”

Considerations:
— Hardwired vs. software interlock
— Not an averaging element

— Several may be required to fully
cover the mixed air plenum
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Discussion Question:

1. Where should the
freezestat be
7 \ocated in the
systems on the
next slide?
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Discussion Question:

2 Tf the location !s
different, why Is
7 that?
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Protection from Freezing

» Hot water coil is for warm-up » Hot water coil is for warm-up and
purposes preheat purposes

 Low MOA %:; mixed air * High MOA %; mixed air
temperature on minimum outdoor temperature on minimum outdoor
air always above freezing air could be below freezing
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Protection from Freezing

Step 3

Keep the hot water coil active when
the unit is off
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Discussion Question:

{  Is there a difference
between simply allowing the
HW valve to fail open and
.controlling it when the fan

4 is off?
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Discussion Question:

2. What happens when this
systems starts after a cold

weekend if the HW valve
,~fai|s open, the HW temp is

180°F, and the economizer

is controlled by discharge

temperature?
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Integration with
Ventilation and Flow
Control Processes
Occurs at a Number
of Locations
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