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What We Will Cover in This Module

• Basic Heat Exchanger Construction
• How heat exchangers interact with our systems and the 

climate
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Common Heat Exchangers

Steam Boiler

Coils

Plate and FrameShell and Tube
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Heat Transfer:
A Common HVAC System Goal
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Coil Performance can 
be Very Dynamic
There’s the design condition …
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Coil Performance can 
be Very Dynamic
… and Then There is Everything Else
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A Specific Coil’s Performance at a Specific 
Design Condition

TAB 3-5 - HEAT EXCHANGERS 7



TAB 3-5 - HEAT EXCHANGERS 8



TAB 3-5 - HEAT EXCHANGERS 9



D:\ComIT\Project Data\SeattleMuniCP\Coil Models\Modeled Points.aad

BAROMETRIC PRESSURE: 29.851 in. HG
ATMOSPHERIC PRESSURE: 14.661 psia

ALTITUDE: 66 FEET

Weather Data Location:
SEATTLE_BOEING_FIELD_ISIS, WASHINGTON, USA

Weather Hours
38 to 1
76 to 39
114 to 77
152 to 115
190 to 153
228 to 191
266 to 229
304 to 267
342 to 305

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

h
W

0.4% Cooling Design

Muni Tower Space

Bin Data Plot - 97°F Bin

                            

D:\ComIT\Project Data\SeattleMuniCP\Coil Models\Modeled Points - Example.aad

Chart by: AKTON PSYCHROMETRICS, www.aktonassoc.com

BAROMETRIC PRESSURE: 29.851 in. HG
ATMOSPHERIC PRESSURE: 14.661 psia

ALTITUDE: 66 FEET

Chart by: AKTON PSYCHROMETRICS, www.aktonassoc.com

The Modeled Conditions
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Coil performance was 
modeled at the entering 

condition associated with 
each yellow dot

Coil performance was 
modeled at the entering 

condition associated with 
each yellow dot



The Results
Design Conditions
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The Results
All Modeled Conditions
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The Results
GPM per Ton Focus
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Load side GPM per Ton values in excess of 
design are the trigger for low delta t 
syndrome in variable flow primary secondary 
systems (a.k.a. plant over flow)

Load side GPM per Ton values in excess of 
design are the trigger for low delta t 
syndrome in variable flow primary secondary 
systems (a.k.a. plant over flow)

Load side GPM per Ton values in excess of 
design are the trigger for low delta t 
syndrome in variable flow primary secondary 
systems (a.k.a. plant over flow)



The Results
Design Flow and Leaving Conditions, Humid Outside

TAB 3-5 - HEAT EXCHANGERS 16



The Results
Design Flow and Leaving Conditions, Humid Outside
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The Results
Design Flow and Leaving Conditions, Dry Outside
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The Results
Typical Flow (10,000 cfm) and 

Leaving Air Temperature (58-60°F)
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Other Types of Heat Transfer Elements will 
Exhibit Similar Variability
Characteristics will vary with
• Changes in flow
• Changes in entering conditions
• Transitions from turbulent to 

laminar flow
• Phase changes on either side 

of the heat exchanger
‒ Condensing water from air
‒ Steam condensing to water
• Age
‒ Corrosion
‒ Fouling

1. The control system will have 
to deal with all this

• A loop that was tuned 
today may not be stable 
tomorrow

• Logic that makes good 
sense under some 
conditions may not work 
under others

2. The control system can 
introduce additional variables

• Reset strategies
• Elements with non-linear 

output or response 
characteristics
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Different Heat Transfer Processes Require 
Different Control Strategies

Heating is not the same as Preheat, which is not the same 
as Reheat
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Heating vs. Preheat vs. Reheat

Definitions
• Heating

A process that adds energy.  For a space, this is 
often accomplished by circulating air through it at a 
temperature above the required set point.  For an 
airstream, this is often accomplished by passing it 
over a surface that is above the required supply 
temperature.  
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Heating vs. Preheat vs. Reheat

Definitions
• Freezing

A condition that occurs when water is cooled to the 
point where it changes phase from a solid to a liquid.  
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Heating vs. Preheat vs. Reheat

Definitions
• Water Damage

A condition that occurs after frozen water contained 
in a HVAC coil changes back to the liquid phase.  
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Heating vs. Preheat vs. Reheat

Definitions
• Expletive

A generic reference to the field terminology used to 
describe and discuss water damage when it occurs.  
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Heating vs. Preheat vs. Reheat

Definitions
• Preheat

A process that heats a fluid stream to prepare it 
for a subsequent HVAC process.  In air handling 
systems, this process is used to raise 
subfreezing air above freezing to protect water 
filled elements down stream from damage due to 
freezing.

See the Functional Testing Guide (www.peci.org/ftguide) Air 
Handling System Reference Guide Chapter 5 – Preheat, Table 

5.1 to contrast preheat, reheat and heating applications
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Heating vs. Preheat vs. Reheat

Definitions
• Reheat

A process that uses heat to warm air being delivered 
to a zone to prevent over cooling.  The temperature of 
the air was set by the need to hit a dehumidification 
target or by the requirements of another zone, so it 
can not be raised at the central system.  The volume 
can not be reduced because it has been set to assure 
proper ventilation (contaminant control).  In the limit, 
reheat will raise the supply temperature to the zone 
temperature but not above it.
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Bottom Lines

• Heat transfer and processes 
and heat exchangers are very 
common in HVAC

• Process requirements dictate 
the type of heat exchanger
• Construction details vary
• Performance requirements 

will vary
• Performance characteristics 

will vary
• Heat exchangers are typically 

selected for the design day
• The control system needs to 

make it work for all of the other 
days

TAB 3-5 - HEAT EXCHANGERS 37



Bottom Lines

• Heat transfer and processes 
and heat exchangers are very 
common in HVAC

• Process requirements dictate 
the type of heat exchanger
• Construction details vary
• Performance requirements 

will vary
• Performance characteristics 

will vary
• Heat exchangers are typically 

selected for the design day
• The control has a critical role 

to play in making it work all of 
the other days
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Bottom Lines

• Heat transfer and processes 
and heat exchangers are very 
common in HVAC

• Process requirements dictate 
the type of heat exchanger
• Construction details vary
• Performance requirements 

will vary
• Performance characteristics 

will vary
• Heat exchangers are typically 

selected for the design day
• The control has a critical role 

to play in making it work all of 
the other days
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