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Trane Engineers Newsletter Live Series

Coil Selection and Optimization

Abstract

In this ENL program, Trane engineers will discuss the application, selection, and optimization of both
chilled-water and hot-water coils. Topics include a discussion about the impact of both water and air velocities on
coil performance, a review of example selections for chilled-water and hot-water coils to demonstrate

the tradeoffs of cost, pressure drop, and capacity, and an overview of various methods to prevent water coils from
freezing during cold weather.

Presenters: Trane engineers Brian Hafendorfer, Todd Michael, and John Murphy

After viewing attendees will be able to:

Identify the various configuration and construction options for chilled-water and hot-water coils

Understand the impact of both water and air velocities on coil performance

Evaluate water coil selection choices at various water temperatures and flow rates

Understand the balance of coil face area, airside pressure drop, and waterside pressure drop when selecting a coil
Properly protect water coils from freezing, when necessary

s W =

Agenda
- Water and air velocity ranges
- Coil selection examples
- Chilled-water coils
« Hot-water coils
- Freeze protection
- Summary

@ Ingersoll Rand
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Presenter biographies

Coil Selection and Optimization

Todd Michael | heat transfer engineer | Trane
Todd Michael joined Trane in 1989 and is a Heat Transfer Engineer for air-to-refrigerant heat exchangers.

His primary responsibility is to provide plate fin and round tube coil development expertise to project teams.

Todd received a Bachelor of Science Degree in Physics from Western lllinois University, and Bachelor Of Science and
Master of Science Degrees in Mechanical Engineering from the University of lllinois at Urbana-Champaign.
He is a member of ASHRAE and is the AHRI Forced-Circulation Air-Cooling and Air-Heating Coil Engineering Committee Chairman.

John Murphy | applications engineer | Trane

John has been with Trane since 1993. His primary responsibility as an applications engineer is to aid design engineers and Trane sales
personnel in the proper design and application of HVAC systems. As a LEED Accredited Professional, he has helped our customers and
local offices on a wide range of LEED projects. His main areas of expertise include energy efficiency, dehumidification, dedicated
outdoor-air systems, air-to-air energy recovery, psychrometry, and ventilation.

John is the author of numerous Trane application manuals and Engineers Newsletters, and is a frequent presenter on Trane’s Engineers
Newsletter Live series. He has authored several articles for the ASHRAE Journal, and was twice awarded “Article of the Year” award.

As an ASHRAE member he has served on the “Moisture Management in Buildings” and “Mechanical Dehumidifiers” technical committees.
He was a contributing author of the Advanced Energy Design Guide for K-12 Schools and the Advanced Energy Design Guide for Small
Hospitals and Health Care Facilities, a technical reviewer for the ASHRAE Guide for Buildings in Hot and Humid Climates, and a

presenter on the 2012 ASHRAE “Dedicated Outdoor Air Systems” webcast.

Brian Hafendorfer | applications engineer | Trane

Brian joined Trane in 2000 and spent 8 years as a product engineer focused on coils for heating and cooling air with water, steam,
and refrigerant for use in air handling systems. After joining the applications engineering team in 2008 his primary focus has been
coils and air cleaning with a responsibility for developing and supporting integrated HVAC product solutions for Trane customers and
providing a link between the sales, design, and manufacturing organizations.

Brian a earned his Bachelor of Science in Mechanical Engineering from the University of Kentucky. As a licensed professional engineer he is

an active member of ASHRAE and has served multiple committee positions for both “Ultraviolet Air and Surface Treatment” and
“Gaseous Air Contaminants and Removal Equipment”, and the project committee for ASHRAE Standard 62.1.
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Trane Engineers Newsletter Live Series

QU C “Trane” is a Registered Provider with The American Institute
< 4f/0 of Architects Continuing Education System. Credit earned

S
= on completion of this program will be reported to CES
2 Records for AIA members. Certificates of Completion are
- available on request.

v

This program is registered with the AIA/CES for continuing
professional education. As such, it does not include content
that may be deemed or construed to be an approval or
endorsement by the AlA of any material of construction or
any method or manner of handling, using, distributing, or
dealing in any material or product.

©2015 Trane a business of Ingersoll Rand Coil Selection and Optimization 3



Trane Engineers Newsletter LIVE Series

) EDUCATION Visit _the_ Registereq
9 PROVIDER Continuing Education

Programs (RCEP) Website
for individual state

GBCI continuing education

CMP requirements for
Professional Engineers.

www.USGBC.org www.RCEP.net

Copyrighted Materials

This presentation is protected by U.S. and international
copyright laws. Reproduction, distribution, display, and
use of the presentation without written permission of
Trane is prohibited.

© 2015 Trane, a business of Ingersoll Rand. All rights reserved.
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Learning Objectives

1. ldentify the various configuration and construction options
for chilled-water and hot-water coils

2. Understand the impact of both water and air velocities on
coil performance

3. Evaluate water coil selection choices at various water
temperatures and flow rates

4. Understand the balance of coil face area, air pressure drop,
and water pressure drop when selecting a coill

5. Properly protect water coils from freezing, when necessary

Today’s Presenters

John Murphy Brian Hafendorfer Todd Michael
Applications Engineer Applications Engineer Coil Heat Transfer
Engineer

©2015 Trane a business of Ingersoll Rand Coil Selection and Optimization 5
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ater Coils

—

water o

airflow

water in

e Colil face area
* Number of rows of tubes
e Tube diameter

* Number of fins
 Fin surface design
 Coil circuiting

e Turbulators

©2015 Trane a business of Ingersoll Rand
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Construction Options

e Tube material

e Tube wall thickness

e Fin material

e Fin thickness

« Casing material

* Header type and material
e Coll coatings

Agenda

« Water and air velocity ranges
» Coil selection examples

* Chilled-water coils

» Hot-water coils

» Freeze protection

©2015 Trane a business of Ingersoll Rand Coil Selection and Optimization 7
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Water Flow Through Coils

airflow

water out water in

Coil Circuiting

Water
Out

Water
In

single-row dual-row partial-row
serpentine serpentine serpentine

©2015 Trane a business of Ingersoll Rand Coil Selection and Optimization 8
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Water Velocity-Related Concerns

Water velocity too low: Water velocity too high:
e Tube fouling e Tube erosion

» Air trapped in the coill * High water pressure drop
* Poor water distribution * Noise

» Risk of freezing

Guidelines for Water Velocity =~

[ GLU standard 410-2001

AH RI Standa l'd 41 0 (Formeriv AR Standard 410-2001)

Forced-Circulation Air-Cooling
and Air-Heating Coils

FI-ID

2001 Standatd for \

A2 CERTIFIED.. IR

Air.Coolmg and
Air-Heating Coils

www.ahridirectory.org

Air-Cooling and Air-Heating Coils
AHRI Standard 410

©2015 Trane a business of Ingersoll Rand Coil Selection and Optimization 9



Trane Engineers Newsletter LIVE Series

Guidelines for Water Velocity

for AHRI certification (chilled water)

AR CERTIFIED.

idirectory.org

Air-Cooling and AirHeating Cails
AHRI Standard 410

for AHRI certification (chilled glycol)

for AHRI certification (hot water) AR CERTIFIED.

Al Coalingand A Heatig Cols

for AHRI certification (hot glycol) it S

10

(00]
©

0 1 2 3 4 5 6 7
water velocity, ft/isec

Guidelines for Water Velocity

for AHRI certification (chilled water)

Air-Cooling and Air-Heating

for AHRI certification (chilled glycol) Atomun 0

chilled water

hot water

2012 ASHRAE Handbook - HVAC Systems and Equipment (Chapters 23 and 27)

for AHRI certification (hot water)

r-Cooling and Alr-Heating Coils

for AHRI certification (hot glycol) At ot 1

oo
(o]
[ERN
o

0 1 2 3 4 5 6 7
water velocity, ft/sec

©2015 Trane a business of Ingersoll Rand Coil Selection and Optimization 10



Trane Engineers Newsletter LIVE Series
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Laminar Flow # Severe Capacity Drop-off
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i=
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Air Velocity Through Coils

T

A e

height airflow

face area = height x length

face velocity = airflow / face area

©2015 Trane a business of Ingersoll Rand Coil Selection and Optimization 12
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Air Velocity-Related Concerns

Air velocity too low: Air velocity too high:
* Non-uniform leaving-air + Noise
temperatures « High air pressure drop

* Less accurate prediction . Risk of moisture carryover
of coil capacity

Guidelines for Air Velocity

AR CERTIFIED.

-Cooling and Air-Heating Coils
RI Standard 410

for AHRI certification
(chilled water)

for AHRI certification
(hot water)

0 200 400 600 800 1000 1200 1400 1600
coil face velocity, ft/min
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Moisture Carryover

e S

Avoiding Moisture Carryover

e

face area = height x length

height airflow | face velocity = airflow / face area

long-time rule-of-thumb:

face velocity < 500 fpm

©2015 Trane a business of Ingersoll Rand Coil Selection and Optimization 14
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Factors Influencing Moisture Carryover

T

© e

White Paper 3
Managing po;
609 desp ;‘:;;"e Camryover

 Air velocity

* Fin design and material
* Number of fins

» Fin surface wettability

Same Fin Material, Different Fin Designs

1000

800

600

200

maximum face velocity, ft/min

B R O 1 O N B IR S BT ] 5
fin density, fins/inch
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Different Fin Materials, Same Fin Design

1000
£
£
‘.\_'
%= 800
>
=
(8] alum;
2 600 —lm
o
> ---------------
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8 400 e
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£ COorrosion Coating
=}
Sy
X
©
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® G 7 & 9 1o 1 12 iy 4 s
fin density, fins/inch

Agenda

« Water and air velocity ranges
» Coil selection examples
 Chilled-water coils
» Hot-water coils

5 N yegr
BN INNE) Ik~S

» Freeze protection

.;' =
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helght airflow

e e
""" T

SRy —

Coil Face Area and Face Velocity

face area = height x length

face velocity = airflow / face area

initial cost of coil
size of AHU cabinet
initial cost of AHU
air pressure drop
fan energy use
water pressure drop
pump energy use

LOWER
SMALLER
LOWER
HIGHER
HIGHER
HIGHER
HIGHER

HIGHER

LARGER
HIGHER
LOWER
LOWER
LOWER
LOWER

©2015 Trane a business of Ingersoll Rand
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Example #1: Coil Face Area

80°F DBT
67°F WBT

8500 cfm ™%
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Q.. = 4.5 x 8500 cfm x (31.5 — 22.9 Btul/lb)
= 329 MBh

180
160
140

120

40

20

30 40 50 60 70 80 90 100 110
dry-bulb temperature, °F

d =75
" =70
65
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© 40

80

60
Fo5
50

4, ‘ainreiadwsal uiod map

30

Traditional Selection at 500 fpm

80°F DBT . = 2
67°F WBT . 17 1t

8500 cfm

Qo = 329 MBh

face area= airflow / face velocity
= 8500 cfm / 500 fpm

©2015 Trane a business of Ingersoll Rand
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O W

623 fp'm

506 fpm

13.65 ft2 16.81 ft2
size 14 AHU size 17 AHU

15

Moisture Carryover?
1000
£
£
£ 800 fi
- N dag;
_,,? Sign 4
o
o ................
< 090 623 fpm :
> B e dmawe
Q 500 fpm s
) .
S 400 .
S :
=] < 113 finsl/ft
E 200 :
x :
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€ :
5 G 7 B © 1o i1 12 ig i
fin density, fins/inch
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D PW

D DY N

506 fpm 408 fpm

623 fpm
13.65 ft2 16.81 ft2 20.81 ft2
size 14 AHU size 17 AHU size 21 AHU
8500 cfm b
329MBIl1."“_( {

coil face area, ft2 14 17 21
face velocity, ft/min 623 506 408
coil rows 6 6 4
colil fins, fins/ft 113 95 147
water flow rate, gpm 65.6 65.6 65.6
water velocity, ft/sec 4.5 3.6 oo
water pressure drop, ft H,O 4l 5 82 5.8
air pressure drop, in H,O 1.0 0.68 0.42

©2015 Trane a business of Ingersoll Rand Coil Selection and Optimization 21
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80°F DBT

67°F WBT

8500 cfm ™%

320 MBh '

coil face area, ft?
face velocity, ft/min
coil rows

coil fins, fins/ft

water flow rate, gpm
water velocity, ft/sec

water pressure drop, ft H,O
air pressure drop, in H,O

14
623

1

65.6
4.5

EES
1.0

i1¥
506

95

65.6
3.6

8.2
0.68

Zab
408

147

65.6
o2

55
0.42

coil size

Example #2: APD versus WPD

©2015 Trane a business of Ingersoll Rand
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80°F DBT

67°F WBT

8500 cfm ™%

320MBh 'Y

coil face area, ft? 14 14 14
coil rows 6 8 6
coil fins, fins/ft 113 102 95
coil circuiting single-row feed : dual-row feed : single-row feed

(with turbulators)

water flow rate, gpm 65.6 65.6 65.6
water velocity, ft/sec 4.5 28 4.5
water pressure drop, ft H,O il 2.8 26.0

air pressure drop, in H,0 1.00 125 0.93
cost of the cail base base + 31% base + 12%

80°F DBT

67°F WBT

8500 cfm b

320 MBh i

coil face area, ft2 14 14 14
coil rows 6 8 6
coil fins, fins/ft 1aLe 102 95
coil circuiting single-row feed  dual-row feed : single-row feed

(with turbulators)

water flow rate, gpm 65.6 65.6 65.6
water velocity, ft/sec 4.5 2.3 4.5
water pressure drop, ft H,O EES 2.8 26.0

air pressure drop, in H,0O 1.00 1.25 0.93
cost of the coil base base + 31% base + 12%

©2015 Trane a business of Ingersoll Rand Coil Selection and Optimization 23
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80°F DBT
67°F WBT

Example #3: Supply-Water Temp and AT

e ™
g

By —

fm ™
8500icty water AT
. supply-water
Q.. = 329 MBh temperature
8500 cfm ™ \
329 MBh "
coil face area, ft? k7 i
coil rows 6 6
coil fins, fins/ft 95 iz
supply water temperature, °F 44 44
return water temperature, °F 54 51
water AT, °F 10 13
water flow rate, gpm 65.6 50.4
water velocity, ft/sec 3uh 28
water pressure drop, ft H,O 8.2 hil
air pressure drop, in H,0O 0.68 0.77
cost of the coil base base + 7%

©2015 Trane a business of Ingersoll Rand
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8500 cfm ™% :

329M5'h"'-,.
coil face area, ft2 17 17 17
coil rows 6 6 6
coil fins, fins/ft 95 127 99
supply water temperature, °F 44 44 42
return water temperature, °F 54 57 55
water AT, °F 10 13 13
water flow rate, gpm 65.6 50.4 50.4
water velocity, ft/sec 3.6 2.8 2.8
water pressure drop, ft H,O 8.2 51 5.4l
air pressure drop, in H,0O 0.68 0.77 0.68
cost of the coil base base + 7% base + 1%

8500 cfm ™ \

329MB.I1.".".
coil face area, ft? ik i 17 1%
coil rows 6 6 6 4
colil fins, fins/ft 95 127 99 141
supply water temperature, °F 44 44 42 40
return water temperature, °F 54 57 55 56
water AT, °F 10 13 13 16
water flow rate, gpm 65.6 50.4 50.4 41.0
water velocity, ft/sec 3: 28 2.8 s
water pressure drop, ft H,O 8.2 5dl 5.4l 5.8
air pressure drop, in H,O 0.68 0.77 0.68 0.56
cost of the coil base base + 7% base + 1% : base — 16%

©2015 Trane a business of Ingersoll Rand Coil Selection and Optimization 25
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- _—ﬂ “I‘I‘

Low-Flow Chiller Plants -
" ASHRAE GreenGuide
/ B sign,cnnﬂmuion,anﬂﬂptlmm
E ‘ e Design: *™ of sustainable Bu
pumps pumps | D e .
....... ' Applicas: .
Manuaf 1ong Engin oo
ng
2
g 200 it g,
£ N
=]
o
+
}
g 100
=
(8]
0

10°F AT 16°F AT e

Agenda

» Water and air velocity ranges
* Coil selection examples

* Chilled-water coils

e Hot-water coils
» Freeze protection

SRP sEN. VEYs
W IEEE 1b

[
T
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Hot-Water Coils

water AT

supply-water
temperature

239 MBh

coil face area, ft2 10 10 10
coil rows 2 2 2
colil fins, fins/ft 79 95 118
supply water temperature, °F 180 180 180
return water temperature, °F 160 150 140
water AT, °F 20 30 40
water flow rate, gpm 23.8 159 11.9
water velocity, ft/sec 1.9 12 0.9
water pressure drop, ft H,O 0.94 0.44 0.25
air pressure drop, in H,0 0.14 0.15 0.16
cost of the coil base base + 2% base + 6%

©2015 Trane a business of Ingersoll Rand Coil Selection and Optimization 27
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water AT {
4

water AT SMALLER LARGER
initial cost of coil LESS MORE

air pressure drop PEoS HIGHER
water flow rate HIGHER LOWER
water pressure drop HIGHER LOWER

239 MBh

coil face area, ft? 10 10 10
coil rows 2 4 4
coil fins, fins/ft 79 2 89
supply water temperature, °F 180 150 150
return water temperature, °F 160 120 110
water AT, °F 20 30 40
water flow rate, gpm 238 16.0 120
water velocity, ft/sec 1.9 102 0.9
water pressure drop, ft H,O 0.94 0.64 0.38
air pressure drop, in H,0O 0.14 0.28 0.29
cost of the coil base base + 75% base + 80%

©2015 Trane a business of Ingersoll Rand
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Types of Boilers

non-condensing boilers condensing boilers
* Avoids condensing of flue gas ¢ Allows condensing of flue gas

(uses only sensible heat value (uses some of the latent heat
of the fuel) value of the fuel)

* Designed and operated to * More efficient with a lower
ensure water returns > 140°F return-water temperature

Condensing Boiler Efficiency

boiler efficiency, %

natural gas = 1050 Btu/ft®
stoichiometric air = 17.24 Ib/Ib of fuel
(10% excess air)

60 100 140 180 220

inlet water temperature, °F source: 2012 ASHRAE Handbook —
HVAC Systems and Equipment, Chapter 32, Figure 6

©2015 Trane a business of Ingersoll Rand Coil Selection and Optimization 29
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coil rows

supply water temperature, °F
return water temperature, °F

water flow rate, gpm
water pressure drop, ft H,O

air pressure drop, in H,0

air pressure drop, in H,0O
(at heating airflow, 600 cfm)

(at design cooling airflow, 2000 cfm)

600 cfm 22.8 MBh
55°F n
90°F
1 2 3

180 150 150
137 116 106
1.05 (1832 1.04
0.69 el 1l 0.10
0.45 0.79 1.10
0.04 0.07 0.10

1.2

1.0

0.8

0.6

0.4

02

air pressure drop, in. H,0

0.0

" design cooling airflow

heating airflow

400 800 1200 1600 2000
airflow, cfm

©2015 Trane a business of Ingersoll Rand
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Heating Mode vs. Reheat Mode

“heating” mode “reheat” mode
QIoss > Qgain Qloss = anin

Heating Mode vs. Reheat Mode

600 cfm 600 cfm
55°F~ 55°F\

22.8 MBh

“heating” mode “reheat” mode

13.0 MBh

90°F 75°F

©2015 Trane a business of Ingersoll Rand Coil Selection and Optimization 31



Trane Engineers Newsletter LIVE Series

coil rows 1 2 3
air pressure drop, in H,O 0.45 0.79 140
(at design cooling airflow, 2000 cfm)
air pressure drop, in H,O 0.04 0.07 0.10
(at minimum airflow, 600 cfm)
heating capacity, MBh 22.8 22.8 22.8
2’ supply water temperature, °F 180 150 150
E return water temperature, °F 137 116 106
£ water flow rate, gpm 1.05 132 1.04
water pressure drop, ft H,O 0.69 Dkl 0.10
heating capacity, MBh 13.0 13.0 130
W : supply water temperature, °F 150 105 105
% return water temperature, °F 103 91 86
= water flow rate, gpm 0.56 1.86 1.41
water pressure drop, ft H,O 0.23 0.21 0.17

Chiller Plants with Heat Recovery

s [ .
| / “" s TRang
“- o™ 2 V' A
\ . . [ Pplicat,
; / / n i
\ App\icﬂ‘ﬁ"“s Engineering e | Mangg —° Eﬂglnegnn o
\ Manual >~

| 4 |

Waterside Heat Recovery n HVAC Systems
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Agenda

« Water and air velocity ranges
» Coil selection examples

e Chilled-water coils

» Hot-water coils
* Freeze protection

T T
W IS 1h

-

"'14
0 5

]
i

Drain Cooling Coils During Cold Weather

o

R =
e -

2 ey

8 <+— air vents
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Coil Pumping

et circulator pump
and check valve

Add Antifreeze
(e.g., Glycol)

©2015 Trane a business of Ingersoll Rand Coil Selection and Optimization 34
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Freeze Protection vs. Burst Protection

source: Dow Chemical Company. 2008. Heat Transfer Fluids for HVAC and Refrigeration Systems.

ethylene glycol propylene glycol
concentration (% volume) concentration (% volume)
fluid freeze burst freeze burst
temperature protection protection protection protection
20°F 16% 11% 18% 12%
10°F 25% 17% 29% 20%
0°F 33% 22% 36% 24%
-10°F 39% 26% 42% 28%
-20°F 44% 30% 46% 30%
-30°F 48% 30% 50% 33%
-40°F 52% 30% 54% 35%
-50°F 56% 30% 57% 35%
-60°F 60% 30% 60% 35%

» Electric heater

e Hot-water or
steam caoil

 Air-to-air energy
recovery device
(e.g., wheel)

Preheat the Entering Air

a

o

1%

coil

E i d D
chilled-water preheat

coil
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Use Air-Mixing Baffles

75
! warm RA

60

dry-bulb temperature, °F
&
Nl | e

air-mixing
15 baffles

source: Blender Products, Inc.

introduce outdoor air downstream of the cooling coil

Dual-Path Air Handler

preheat coil

(
winter
(=]
il summer
O L —J

=0

L &4

cooling coil

©2015 Trane a business of Ingersoll Rand Coil Selection and Optimization 36



Trane Engineers Newsletter LIVE Series

Coil Freeze Protection Options

Drain chilled-water coils during cold weather

Coil pumping

Add antifreeze to the chilled- or hot-water system
Preheat the entering air

Use air-mixing baffles

Introduce outdoor air downstream of the cooling coil

Water Coil Downstream of a DX Coil

* Low airflow through
the DX coil?

« Compressor operating
when the fan is off?

 Split system resulting Ji3
in too low a SST? water coil

e Too low of temperature
entering DX coil?

©2015 Trane a business of Ingersoll Rand Coil Selection and Optimization 37
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Where to Learn More

8 rane
© e
Engineers Newsletter

Chilled-Water Systems Design Issues
Learming from past mistakes

—

© mue

Applicat; .
Manua| tohs E"Q"’Ieen'ﬂg

Length: 80 min
APP-CMCOSO-EN

" of imgerson Rand e 5

Past Program Topics:
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» Acoustics: Evaluating Sound Data
« Small Chilled-Water Systems
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APP-CMCO054-EN QUIZ

1. Which industry standard establishes a common set of testing and rating requirements for
determining the capacity and pressure drops of cooling and heating coils?
a. ASHRAE Standard 62.1
b. AHRI Standard 410
c. AHRI Standard 550/590
d. ASHRAE Standard 90.1

2. Which of the following are concerns regarding too high of water velocity through the tubes of a
coil? Choose all that apply.

a. Risk of water droplets blowing off the outer surfaces of the fins (i.e., carryover).
b. Risk of erosion on the inside surfaces of the tubes.

¢. Too much noise.

d. Air can become trapped inside the coil tubes, degrading heat transfer.

3. Which of the following are concerns regarding too high of air velocity through the face of the
coil? Choose all that apply.

a. Risk of water droplets blowing off the outer surfaces of the fins (i.e., carryover).
b. Risk of erosion on the inside surfaces of the tubes.

c. Excessive air pressure drop.

d. Air can become trapped inside the coil tubes, degrading heat transfer.

4. True or False: Laminar water flow through the tubes of a coil results in a SEVERE drop-off in
capacity.

5. Which of the following factors influence moisture carryover (water droplets blowing off the
outer surfaces of the fins)? Choose all that apply.

a. Air velocity through the face of the coil.

b. How densely the fins are packed together.

c. Material the fins are made of.

d. Whether or not the surface of the fins have a coating applied to them.

6. True or False: As long as dehumidifying coils are selected for a face velocity less than 500 ft/min,
no moisture carryover will occur, regardless of the fin material or fin density.

7. When selecting a cooling coil to provide the same required capacity, which of the following are
benefits of selecting a coil with a larger face area (lower face velocity)? Choose all that apply.

a. Lessfan energy use.

b. A smaller air handler cabinet is required to house the coil.
c. A warmer entering-air temperature.

d. Lower air pressure drop.

8. True or False: When selecting a cooling coil to provide the same required capacity, selecting the
coil with a lower water flow rate (larger AT) results in more pumping energy and requires
upsizing piping, valves, and pumps.

9. True or False: Newer, condensing-style boilers are more efficient when the temperature of the
water entering the boiler is lower.

10. True or False: When specifying the amount of glycol to use in a chilled-water system, the
concentration required to provide “burst” protection (to protect equipment from damage) is
lower than the concentration required to provide “freeze” protection (to prevent any ice
crystals from forming).
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