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Heat and mass transfer characteristics of generator combined
rectification system of the GAX ammonia absorption heat pump
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ABSTRACT

A generator—-GAX combined rectification system of an ammonia absorption heat pump was
investigated to get the optimum design values. The mass and heat transfer phenomena of
the rectification system were analysed. The number of column plates, equilibrium
temperature of solution on each plate and flowrates of solution and vapor generated were
predicted. The characteristics of mass and heat transfer of the generator-GAX combined
rectification system, i.e. concentration difference of leaving solution and vapor on each
column plate, were found to be mainly governed by the pressure of generator, reflux ratio
and temperature difference of analyser coolant. The number of rectification column plates for
each different pressure in generator was obtained. The optimum locations for installing the
feeder from solution—-cooled absorber and GAX desorber in generator were predicted. The
improvement of COP was followed by the increase of the rectifier efficiency and the number
of column plate, and the decrease of reflux ratio.
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Uol $E8 o 99.8% ol4 AEE=2 U793t

E AFSE717 99402 HAFHolok gt

21 WY AHE HFI MHe d { EF
k=

459 Ay R FEEY A ¥ES
%L d7\YstdE w7 Y FAIHA} AFS
Z7)9 W& 9%, AFYYY G5 AR, ¢B
Yoty HA F9 dx ¢ %8s BAsHk &
t},

AESHE Y & dMe 23 #3& 1
#at7] g3ty o sRg dFse d# 45
= =7 3y Ayz sgsd. gue 4=
Yol/g2 F71x] E¢E thd Gibbs 439
A4 Wy 2478 Ho] 47 FAYeE &
$E= FA7 o & AF7) URY ¢4¥
o] dAFEE HIYMY Z4F AAEY #S
1e e & 22 oste #HLdrh

Fig. 194 AFE 85(feed) FYTE 24

2 A= A FE(rectifing section) 181 3HF-
¥ #BE(stripping section)® TEIY, €F 9
2% 2442 E F3dE G 2ok
F=D+W )
Fxp=Dzp+ Waxw (2)

BF $F71d49 E2FAE
Gi =D + L, (3)
Gi=D+ RD =D (R+l) (4)

AFE ARAAN B2 H(GEYehe dstd=

Giryi=D zp + Lo % (5)
7t €t
g ArRolA e A A&
Gi1 He1 = Q.+ Lo Ho + D Hp (6)
Q: = D [(R+1) He: - RHo - Hp €)]

TARFEE A £AE Asd AA F9
age
Qs + @ = DHp + WHw + Q-+ Q. - FHr  (8)

A7 Q & A2"EY A &4 FAE F



UL, AFEE7S AALFH $437] D9
439 ¥ Q, ¥ #rIN FEsEE Ry
+9 AAFIT HELFE Q' A9,
Q=(Q+DHy)/D=(Q/D)Hp (9
Q"= Hy - (Qs+Qo/W a0

2 EANEY, 4 aDe
FHr = DQ" + W@Q” (11)

o] €t}
A4 D3 94X FE AAsA

D _ xr—xw _ Hp—@Q"
Q —Hp

w Zp— XF
o] A& dRYol/B EFE H-x-y A
A AFY HAR FRYolEs|s} 2= dg
3] A3 A S99 dRYol Fxd W@
AgIge dFses FAo) Hu B F9
gde Hed & 24F AdgHE o] Al Q)
A |k

(12)

22 MR (Enriching section)2l & % 2EXN
2 3y

Bl AFEE ARG Aol AFEF7IAM
gFHEE F& §939 d5dte dEY} 57
b s2WAM AP0l 2AHY, o f4L
GAX 7tg7] R &z AH33A dd. GAX

FaAAAM EFste &4 GAX 71E7d 9
A Frtz FEEI FHEAN Asde F7)
s Zdg] gy FUF €& FHED ¢
EYole FEIA Hol Aedtes T =L
ZA 4.

Feed U7 4% AR% BAFAE
Gn#j = Ln + D (13)

HE AGHRUhA dskol
Gn1 VYnel = Loxa+ D 2p (14)
Gnit Y1 = Lnxn = D 2p (15)

ol e ABme A B 452 Ao Be
Aolg sujat. AFA2AAAE £33 el

35

Fol dA}uE @ dd FoHA A E29
AAH AL dAA E9.

Aix 28 Ashd

Gni1 Hener = Lo Hin + Qc + D Hp (16)

AREE7104 AANE 4% Q' AP,
f4e

Gn1 Honr1 = Lo Hin = D Q  (17)

4714 4F gL @ 4R e FAs% @47
#A9 dus A8 deshd. $a%e 943
A sod AFA 45 YA Fe AWHA @
o,

4 (13), 4 a9 4 (NN DE AA}Y

& —Hegpi
Q—Hy,

L,  2p=Yae1 _

Gu+1 2D Xy

(18

o] 4& AHFF gul9 AF(column plate) 4
FE wues /A9 AITAZ WEREFFY
(internal reflux ratio)”’} 9, & FIFEE 4%
sl FV5EF d3se £AdEEFLE 7H
T+ At

23 #HRS(Stripping section)el o ¥ EXA
g Ay

YRt GHLe] PREE GAXHEHS &
del FAA gt ARvez TN g
RPN AAse] BRI HRE FUE §9
& GAX/HERE AM © Aol2 #7em, 4
A gsel JsE e v @ Aoz

AdE A ARHEE dsdEnh o # Z
g e EAFAE
Lm = Gma + W 19
AE AGEYh] sty
XwLlm Xm = Gmel Ymeg + W 20)
Ln xm = Gmet Yyt = W xu (21)

ARES Lol YRFANE 9% g A 23
o Aa @3 A5el Aol visy $27Q
BF7) SRod ol Fe dmucl £9



GAX R0} F4+4) G Zo) Ay dAY FH1e E ¢ A &4 435

5 #&%0) Bk o) FENL #YHE §943
@aPsn VR ¥ WE e
AUA FxE

Ln Him + (@8 + Q) = Gowws Hom: + WHy  (22)

714 ol A H FFY AR WEHE
FE&4e d%E Q2 A&,

Lm HLm - Gm+1 HGm+I = W Q” (23)

o] gv}
Ly, _ HDm+1_Q” _ Ymrl T Xw

= = 24
W Hepsr— Him VYm+1 " Xom 24)

AFGFEE 47 22 2 €44 43 Ponchon
- Savarit$4“g A&t ?3}“‘3 ole ¢rY
ol-Z Ay FFLo] AT HoAHL AY A

A EFEY dgd HsFe 13
27 A ol hEUolst &
4 AEE AMEE Aol o
Tt 94E AAE

& AR DHrectifying stage, column
ol 27, g gy, & F719
79 A7 dAAY dFE 9
3 Wy Zo gL woy E HHAAME
1000, E&2 IFFY. $EL2E, 9gH=2A F
Aol 712 Table 13 o] AAsH. L
A2 stRe 1% dEVel FEE S99 FF
M gEYol F7]E Fstr] 3 A=
o)t}

2
ol¥
o

O

norg
o

3. 8% 2 n¥

3.1 3Fcse gwuol 55
Fg 2-Fig. 45 247 F4E 39 ¥sd 9
PodAs dRe Zty] oE ¢EeMe HFFe
, W dRUol fdx Zr|o HYPrx W
wojzd, I8 AFE FRY B:
99.8% 2 Y7193 LHo & AFIFEZA, T
A7) ¢go] 15 Bar 2 FAHA AFEL 8709
@, 165 Bars 9719 & 283 20 barye 10719
do] WastA Holh oy B dAF AF)

e

Table 1 Various setting values for analysis

Analysis conditions Setting values

NH3 concentration of rectifier 99.8%
NHs concentration of residue o

in generator 1.0%
Analyser(Dephlegmater) o
efficiency 80%
Temperature range of GAX- —1aae
generator 132~136TC
Ambient temperature of air 39°C

for air-cooled condenser

Evaporator temperature 3T
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ing column plate at 15 bar.

—— Vapor
—e— Liquid

Flow rate

leaving stage (g/s)

8 9 (T oo)
Equlhbrium sﬂm numbef

Fig. 7 Liquid and vapor flowrates on rectify-
ing column plate at 16.5 bar.

40

—8— Vapor
—e— Liquid

sl
0l ‘/.\"‘H——*

28

20

Flow rate
leaving stage (g/s)

9 |0(Too)

Equilibrium stage number

Fig. 8 Liquid and vapor flowrates on rectify—
ing column plate at 20 bar.

€% BFIFE FF) FRHE AA 744
3 Ha o] BHFE HAZEF ¥4l Aok A
A AFLAL TAEY 379 dFEe] 550

FHHE Aoz FFAFY FE° B2 d=
Yol 5% #asA Hol 247 379 AR/
Rl BEE F71F59 BV FEY 7]



GAX ¢Bol 44 gy $47] 4AY /719 € £ I 3y 437

1.0
} | —e— NH, Vapor /-
o b | —=—NH, Liguid

NH, concentration

T

0.0 a N L L
1 2 3 4 s 8 7 8 (TOP)

Equilibrium stage number

Fig. 2 Liquid and vapor concentration of am-
monia on rectifiying stage at 15 bar.

—e— NH, Vapor —*

08 | | —=— NH, Liquid //

08

02 L /

00 1 1 1
1 2 3 4 5 8 7 8 9 (TOP)

NH, concentration

Equilibrium stage number

Fig.3 Liquid and vapor concentration of am-
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