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Dynamic Analysis of an Ammonia—Water Absorption Chiller
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ABSTRACT: Dynamic behavior of an ammonia-water absorption system was investigated
numerically. Thermal-hydraulic model for a single-effect 3RT chiller was developed by ap-
plying transient conservation equations of total mass, NH3 mass, energy and momentum to
each component. Transient variations of system properties and transport variables were ana-
lysed during start-up operation. Numerical analyses were performed to quantify the effects of
bulk concentration and charging ratio on the system performance in terms of cooling capacity,
coefficient of performance, and time constant of system. For an absorption chiller considered
in the present study, optimum charging ratio and bulk concentration were to found to exist,
which resulted in the maximum cooling capacity and COP. The time constant increased as
the charging ratio increased, but decreased with the increase of bulk concentration.

Key words: Absorption system(F44 Al2¥), Dynamic analysis(%3 3]4]), Bulk concen-
tration(# & ¥ =), Charging ratio(Z74}), Time constant(A1Zt 44)

7l s MY P %449 [Pal
Q @ gdgE (W]

A EF [m] R, : &3y
C  gEYol &Y ZFE=E [%] T 2= [T}
D A [m] t Az 8]
oo EEAS U : 4358 [W/m’K]
G : A%FH% [kg/m’s] V o AA [m?]
ko RABASF [W/mK] w @ AFRFF ke/sl
i A=29 [k]/kgl v AH [mYkel
K : Bit&dAs x 1 dE
L : Zo} [m] z2 I HEYE AR
¥ Corresponding author aglA 22X

Tel.: +82-2-320-1611; fax: +82-2-322~7003
E-mail address: bjkim@wow.hongik.ac.kr a 7

ol
it



FEYol-8 FF

7, - Hol ¥ALE FEE
: A= [Ns/m’]
: W% [kg/m’]
A7 [s]
24F 5 whEe

S % o %R

st xt

» A4 (bulk)

3 kSN g o o
2
ox

A

o
)
2

.M &

AEgelel og e&F B, sar) AYnw
o 23 wE £R-FINY EFY A, 1
du AL sl ngs AUAE Agete o
gA Aot Zuel FHA All2e ZUUE
A Afel2g AARLZ YAT F AE Aol
2 nH9% Uk FRUe-8 F54 Azde
dde 547 41 2 B §olgol Aol
WA olstel Re LEAME £hol shed
Fuste} agse) APt gEUcte #
N3 Zwao) ABH sholu Axde kA
g3t slee AR WA BF FEY-F
Aade nge AsHoz dUg AL

HUW-XEJW_EH

&
_.%
.11}1 =
i
_Q

44 *}O]:ifgl AAE 9 AH AHLe o
%3}74] syEqon FAFA 7 2ad &
AzAo) ANIAYLY F54 A2 45
gAY YrAQ 2AzAe W] A
sgog 5872 Aade) AL e e
Wato] M ANade AFENS Fotale Aol
Basn. 23y AA7RHA LD F54 A
"ol 54 SAd i AFE 33 aFoly 2
Unl 2 4983 BN FPI AL
Nzl 7 axdA A4z 7)o FEHAE
23 24 9Fog £} RN 8

1

4 @zsle 54 A4 991

He s B2 Aot £ Alade 27
ZARAANAN s ojol ¥ FF2ASE YR
Yo} g8 A% (bulk concentration)® &
AH|(charging ratio)7} A=<l A% A(COP)
1} Wzbs 3 (cooling capacity)ell ulXE Gl
g A “1“13}"1 Alzd e Wtgdol FY
Aeizel AR £Fd 2g9sE H SFHE &
AN F ]7“‘ (time constant)o] ©i¥ A=
A A9 dx Folwr] o]y

B A7gME 9 &(single-effect) 3RT ¢X&
Yol-2 F424 WArg ddez FeAd 8
A2 93 948 ¥ d(thermal-hydraulic model)
Agstn ANFFHANR 24 849 FHFH
Hgge] AgE Hstnzx o 2a 21]7‘4
xxo} 287 N2d BEAS, ¥A5E,
g1 A viXe 98-S £AHY 71‘@%
E3ld AgFoz FRstuA go

N o

+4 N2ge S5 4

2.

Tjoh
o

21 A2E] 2dE

FEvol-2 F54 Axdel BHHE wﬂ
AMETF Fig. 1ol =ASe} sivh o)rdd
BH 44 2408 A9 Hl%—l‘i—(GENB)E
Qo 37l FEUt +84L Y #3 %
Wsen B4 WFEE 4§59 A

e — — — ] 5]JCOND
> -] ey *M__l
[10]IHXR :

y

—d

|
v < [11HxA 1!
V.V v
TR ,‘
[71scAB [(~A
[11GENA .
I I 'l RHX
A g
S [6]EVAP
[2)GENB 19]PUMP * +
Heat
source ———— Liquid solution Chilled
— — — — — Refrigerant vapor water
———— Cooling air
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Table 1 Geometries of system components

Component Description D(m)|L{m)
[1] GENA Generator, adiabatic region| 0.15 | 0.35
[2] GENB® | Generator, boiling region | 0.15 | 0.45
[3}IHXG | Coiled tube in generator | 001 | 5
{dIRECT Rectifier 015|034
[51 COND™ Condenser 0.016| 18
[61EVAP Evaporator 0.018{ 30
[71SCAB | Solution~cooled absorber | 0.1 | 0.8
[B1ACAB™| Air-cooled absorber [0.016 30
[91PUMP | Pump with accumulator | 0.15 | 0.2
[10]THXR | Coiled tube in rectifier | 0.01 { 3
[111IHXA | Coiled tube in SCAB 001 10

‘with annular fins, ** with plate fins
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Table 2 Initial and operating conditions for
dynamic analysis

Parameters Values

Initial temperature (C) 35.0
Ambient temperature (C) 35.0
Bulk concentration (%) 0.34
Charging ratio 0.36

Heat source inlet temperature (C) 870.0
Heat source flow rate (kg/s) 0.02
Pump flow rate (I/min) 1.75
Chilled water flow rate (kg/s) 0.505
Cooling air flow rate (kg/s) 2.0
Effectiveness of RHX 0.8
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Fig. 2 Transient states of absorption chiller
during start-up operation.
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Table 3 Steady state conditions of an ammo-
nia—water absorption chiller

T | » C w | UA Q
(C) | (bar) | (%) | (g/s) [((W/K)| (W)
GENA|127.0(21.05| 39.0 |11.19| 09" —81

Name

GENB| 165.2 [ 21.05| 13.7 | 15.03| 57.9 | 19072
IHXG) 1532 21.05| 13.7 | 15.03] 132.8 | —3485
RECT| 84.8 |21.05]| 982 | 947 | 0.8 -39
COND| 528 |21.04 | 98.2 | 947 | 747.0 |~11233
EVAP| 54 | 476 | 98.2 | 947 |2574.8| 10559
SCAB| 87.2 | 473 | 464 | 2452 23" | —117
ACAB| 59.2 | 453 | 464 | 2452 {12905|—18158
IHXR | 60.2 | 21.08 | 46.4 | 2452 | 1724 | 4242
"THXA| 91.1 | 21.06 | 464 | 2452 | 742.3 | 2939
Chilled water temperature (C) 12.0/7.0

Qrux (W) 1618

Cooling capacity (RT) 3.0

COP 0.554

*Heat loss to the ambient air.
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Fig. 3 Effects of bulk concentration of ammonia-water solution.
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(b) Cooling capacity, COP, and time constant

Fig. 4 Effects of charging ratio of ammonia-water solution.
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