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Chilled Water Plants; Basic Principles,
Ongoing Commissioning/Operation,
and Optimization

Coils and Heat Exchangers
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HEAT EXCHANGE

IS

or less
« 1 fps tube velocity or

« 500 fpm face velocity
more

- Typically applied at:

Coi



[ 4 4

[}
O
=2
<

; e I 5
| i i =
! 1 f X\\\ \\\\\\ s ‘e (]
/ . =
\E L <
. / i F
: il / 71 i
{41 ;?._u. i \\ T s 7
R ar T Dy AT A sy esera ,...m_. .. 2 I
| —————————— - . . - Frm =
. .rr..ﬂ-lrl =
——
- T e ™ L - o = -



= s

= .

)
o
L
©)
zZ
<
T
@)
x
Ll
<
L
I
1
Q@
™
2
—

©
o
O
-
0
@
=>
p)
X
=
L
C
o
=
&
o
@
<

| -
Q
7))
C
O
.
T
-
©
O,
I




ALTITUDE: 65 FEET _ % &
T S P nr o0 aet 1 e SR e \NBEA
AT AN b L. 028)

% QN N NN / /

.Coil Performancecan /=

be Very Dynamic

There’s the design condition R RN A

S 024

.01

O

/ 0185

SN S 017

h . | N ] K [104% Coolli‘r\\g Desfgn
Q/é&v Qzé*v\ Mum Desugn S}Jace.‘ ! 3 &3\) ><L ;o\g
A& N s ~~1Return Airr-Mixed Air, MOA

QNN N ‘Coohng Coil LAT " SHR 92 ‘ * ur‘n\\‘\‘ir‘y NS PES

+.006:

t
\p

:“‘HUMID,ITY RATIO - POUNDS ‘MOIS‘TURE PER POUND DRY AIR

7-008: 5

+1.004

DAY
=
|

.00

DRY BULB1

1107

0
—
—

&
Chart by: AKTON PSYCHROMETRICS, www.aktonassoc.com 0 s <0 <5
’ . ' ) ) ENTHALPY - BTU PER POUND OF DRY AIR
D:\ComIT\Project Data\SeattleMuniCP\Coil Models\Muni Tower CC-16 Design Pnt 4 Pct Example.aad

TAB 3-6 - HEAT EXCHANGERS



ALTITUDE: 66 FEET % S
BAHA-.'—-—"'A PRESSURE: 29.851 i iG < My “‘\ / / . 3 ;
~<1.025
[ ] 7@ \\ N \“\l
oil Performance can : 924
00 \\ I
\ ‘ - 023 8y
R " ! :
be Very DynaIIIIC ’ i
- 0213
and-Then There is Everything Else N
y I N 1020
i NWasaN
< 0T
Yy 0
2 N
W - 0171
B < 016
0 / 015
f: N 011 76\
N > DA
i 5013
| h o |
Y |
19 ‘ 5012,
A ‘ NI
al
N rs-0112
Weather Data Location: N LU RN
SEATTLE_BOEING_FIELD_ISIS, WASHINGTON, USA«Q 1 b 3
Weather Hours 4'@ 7. Sy . \ N < n:%.o (N
8101 R I DA 0.4% Cooling Design 21 1
761039 X Mum Desugn S ace ® TN ®73.009N
41077 $ RN N 0.0 KT ENEEY A O | M\
15210 115 < NN e eturn Airl Mixed Air, MOA =N 0od
190 to 153 SHR 92 ,‘ DxRerurn Al N fQ 0
22810191 AN nvd N Ny z 2N
266 to 229 (S { & y N 8**.00 X
304 to 267 o N . l . ) N T
34210305 ! Whzemss S oog:
SN N . S | | AN :: C_) :
SRR 0, 3 sk it <004
QNN T N L =008 35
s N L \\ \\\ , N \ \ . N /?( i N
. . N N N ! ERED . N
AU gt T e
AN AN " S J < P\T\\‘E @ s N
N Ny N N 2 = \ Y — ?\E\, 5 S3+21.003
N AN AN AN N O S %/(" N 28] \\;I U
SRR z AN [ SIS
o A . \\\ N 1 X 0, N[ < e ) O/I“ g a X: ‘A\
s 5 > V. } N0 N TR A% N NN
e e Oy NI R RS UANU ) RN AN SOR AP S A SN NEA R Ry SN S SRRET AR <IN
oF e e R S PRI N N e NI EENE
Chart by: AKTON PSYCHROMETRICS, www.aktonassoc.com 0 s 0 <

leMuniCP\Coil Mc

D:\ComIT\Project Data\S ini Tower CC-16 Design Pnt 4 Pct Example.aad

TAB 3-6 - HEAT EXCHANGERS

X
ENTHALPY - BTU PER POUND OF DRY AIR




in gpm

o)

100
80
60
40

20

Prsign Tondition

Design

pa@ﬁ‘d””t}on s Performance at a Specmc

Coil Selection - C-1

Review Selection

h. | everpthing is in ordel

Smooth

15 (Three

16 ga.

Tons

TAB 3-6 - HEAT EXCHANGERS

30.0
28.0
26.0
24.0
22.0
20.0
18.0
16.0
14.0
12.0
10.0
8.0
6.0
4.0
2.0
0.0

, °F, Gpm per Ton



140

120

1{0]¢

60

40

20

Design Condition
Performance

Review Selection I
Revi : detailz of thi ion. |f everything iz in arder, Fiti y complete. Otheni ise pou i

Cancel H : H H H : : : H H 5

Tons

TAB 3-6 - HEAT EXCHANGERS

30.0

28.0

26.0

24.0

22.0

20.0

18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0
0.0

, °F, Gpm per Ton



140

120

1{0]¢

60

40

20

Design Condition
Performance

Coil Selection - C-1
Review Selection
Revi : detailz of thi iah y complete. Oth

Fluid

Canecel

10 20 30
Tons

TAB 3-6 - HEAT EXCHANGERS

30.0

28.0

26.0

24.0

22.0

20.0

18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0
0.0

, °F, Gpm per Ton



ALTITUDE: 66 FEET % 3%
BAROMETRIC PRESSURE: 29.351 in. HG : ) / PR
: F.028
PR BN N \\“\Q
['he Modeled Conditions \ |
000 \\ |7 \
. \\\ / \ 023 6\6\
b 0 1 L 028
’ Coil performance was 923
B . <—T.021%
o modeled at the entering N
HUMIDITY RATIG gw'l L ;s i | -02(‘\
condition associated with | |
WU
AR &
each yellow dot v
LA ‘L‘\’; ‘ e o1
79- N ; < 016}
SN : X / 018
i RN
& o) | 0% %
4?‘ NS N > \‘\
& & 013
O £ S 2N
o§ 0 AN SO8 2012
L < N eI
<<</2- AN O < 1 .01 N
Weather Data Location: 0 SN o) | AN BN
SEATTLE_BOEING_FIELD_ISIS, WASHINGTON, us%\ PSRN 5 _Bin Data Plot - 97°F Biniig._
Weather Hours Q{ 75 ™ \\ \\ | @\ ! % ; %
38101 N N \ @)N > ! = 009N
7610 39 X < OOl N =N ©7T009:
141077 Q/é\ A \ OIS O N g; 3
120t QNN Muni Tower Space \ o 0%
N RN $ a
22810191 PR NN N NE- ZN
266 to 229 O™~ y s 3 .00
304t 267 OO0 N N ~
210 305 N EARNS IR NN
- ] N [ o .
SN Lol @ WERC
QN N0 N A\ LTS .008: 3p
N N N AN R i et 4 .
£ N . \\\ N N “ T \\‘\\0\ — 5 = Ooz <
AN e e J < 1\\‘?’“\) P NE N
O\ P N VR OSNRRS S2.003
R \ . N ) N %/0 . om I I
SN NN 20 e \ S T o
o AN N “ \\\ 1 - ) TN S NSYEDNEES N oIP N8 77002z
\\\\\ \\ . ‘. 1 S ® 6\1“ L - "\0‘ | \‘\3/ ,>< T K/MA"/IE N N \ EL N :*i: N
5> D s AT RN T o O S S S g s ol el 98y,
= 0—=—o p’ﬁigf* MR Q8T S, NN 200 NG NN BN R RN NS 8K Sl 2L NS NEN SN (SR
Chart by: AKTON PSYCHROMETRICS, www.aktonassoc.com 0 s 0 <

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

5
ENTHALPY - BTU PER POUND OF DRY AIR

TAB 3-6 - HEAT EXCHANGERS




140

120

1{0]¢

80

in gpm

60

40

20

Design Condition
Performance

[é)esign Con

........ G g g essdesn bbb g g fessedreniiesfossd e sedon G oo o g

Tons

TAB 3-6 - HEAT EXCHANGERS

30.0

eHis

itklans

24.0

! 22.0
! 20.0
! 18.0
! 16.0
- 14.0
! 12.0
- 10.0
! 8.0

6.0

4.0

2.0

0.0

, °F, Gpm per Ton

11



~low in gpm

140

120

100

co
o

Design Condiﬁon
Performance

CEL T TET T R T TP T P YT CITRT-TETTT)

| 10,0005 - 0.0258x 4 0.8398x + 10, 243. ........... e ........ i ]

08973 S :

O 1641

AR 00009 - 0.0508x + 2.0951
.. .. ........ ......... é . RE : 01753 B ........ :

Tons

TAB 3-6 - HEAT EXCHANGERS

30.0

éhe Resuits

All- Modeled Coniditions

24.0

22.0

20.0

18.0

<
o
-

S
160 =
=

o
140 O
W
12.0 ‘:_
<]

10.0
8.0
6.0
4.0

2.0

0.0

12



Flow in gpm

140

120

100

co
o

|y - 0.0002x* - 0.0288x 4 0.8398x + 10, 243. ........... .- ........ T T

Design Condition | . i . ..
Performance .

........ 3’ - o 8973

_RP:ol641

CEL T TET T R T TP T P YT CITRT-TETTT)

s 0.0009%¢ - 0.0508% + 2.0951
.. ...... .. ........ ......... é : ; Rz : 01753 ; E E ........ :

Tons

TAB 3-6 - HEAT EXCHANGERS

30.0
28.0
26.0
24.0
22.0
20.0
18.0
16.0
14.0
12.0
10.0
8.0

6.0

4.0

2.0

0.0

At, °F, Gpm per Ton

13



in gpm

140

120

1{0]¢

80

60

Design Condition
Performance

The ResUI'(’;s51

GP!\/I per Ton Focus

........ ;..g..q...q...g..q..,;,;,;,;,;,q..q...g.. 9

Tons

g
o

=
o

At, °F, Gpm per Ton

TAB 3-6 - HEAT EXCHANGERS

14




T — 30
40 1. Design Condition | [
Performance

120 -

L]
g
o

1{0]¢

in gpm
, °F, Gpm per Ton

60

40 ottt

Load side GPM per Ton values in excess of
design are the trigger for low delta t
syndrome in variable flow primary secondary
1 A R R SYstems (a.k.a. plant over flow '
0 +———————————————t—————t——————————+ 0.0
0 10 20 30 40 50 60

Tons

o J S WU T W WS M s s e

............................................................................................

TAB 3-6 - HEAT EXCHANGERS 15



140

120

1{0]¢

in gpm

60

40

20

Design Condition
Performance

.............................................................. }’ - 0,005 - OO716" +33538x 31 809
=Q.7272 =

R T T T T e T T P e o S e TP Ty - T U T P PRI R T FERORUE DT RTRT T CE O OT T TUET R R ET IV IVERT S rPeTr:

y 00019><2 01315x+37245
_ ........ ., ........ _ ........ .. ........ .. ........ .. ........ .. | RZ - 0 7499 . ........ L

Tons

TAB 3-6 - HEAT EXCHANGERS

30.0

24.0
22.0
20.0
18.0
16.0
14.0
12.0
10.0
8.0

6.0

4.0

2.0

0.0

The Results

e De5|gn FIow and Leavmg Condltlons Humld utside

At, °F, Gpm per Ton

16



Other Types of Heat Transfer Elements will
Exhibit Similar Variability

Characteristics will vary with 1. The control system will have

o Changes in flow to deal with all this

- Changes in entering conditions * Aloop that was tuned

« Transitions from turbulent to today may not be stable
laminar flow tomorrow

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

2. The control system can

 Phase changes on either side
of the heat exchanger

— Condensing water from air
— Steam condensing to water

* Age introduce additional variables
— Corrosion « Reset strategies
- Fouling « Elements with non-linear

output or response
characteristics
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