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Study on Heat and Mass Transfer Characteristic in Plate

Absorber Using surfactant

Ki-Suk Bang

Department of Refrigeration and Air Conditioning Engineering,

Graduate School, PuKyong National University

Abstract

Recently, the usage of an absorption chiller/heater is positively
promoted in the viewpoint of unused energy applications, the
preservation of earth environment, and the settlement of
unbalance demand between electric energy and city gas. The use
of an absorption chiller/heater which uses heat source energy as
a driving power can not only reduce the electric power demand
but also obtain the promotive effect of city gas demand. An
absorption chiller/heater can utilize the unused energy of the life
waste heat, the industry waste heat, the solar energy and the
earth energy. These energy contribute to a energy saving. But
the absorption chiller/heater has the demerit that the size of

absorption chiller/heater is larger than the type of vapor
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compression based on same capacity. In this study, the
experimental apparatus of an absorber is manufactured as a plate
which is newly applied in an absorber. The characteristic of
heat/mass transfer is searched by the experimental method in the
plate absorber. The absorption enhancement by surfactant in the
plate absorber is examined closely through the experiment of
heat and mass transfer characteristic to the quantitative and

qualitative analysis.
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Nomenclature

: Heat transfer surface area

: Circulation ratio of solution

: concentration

: Specific heat of constant pressure
: Absorption rate of water vapor
! Mass {low rate

! Latent heat of evaporation

: Length of plate

: Pressure

: Refrigeration capacity

: Reynolds number

! Logarithmic mean temperature difference

Greek letters

: Flow rate of film

Subscripts

: Liquid film
! Inlet

! QOutlet

¢ Solution

: Water

[m®]

[-]
[wt%]
[k)/kg - K]
[kg/s]
[kg/s]
[(kJ/kgl
[ml]
[mmHg]
(kW]
[-]

[c]

fkg/m - s]



A13 A2

1.1 dv9 W3 3 54

F54 W)= 177794 Gerald Nairne?t H:SOs7F 5718 &
e 4L TARE, 2 PIUE ol fHA 18103 =IZFA=S
John Lesliert A1&g ZhEA (B )57 7 AANA Hze Ao
A2 gl

o

1850 )= =22¢] Edmond Carredll 88 E-H:SO0A &5+9%57
7} =g}, =3 =329 Ferdinand Carret H#= $Euc}
(NHy), 542 B¢ o438 F5YE7& Adste 18594 S35
53l

20417 Zu7x FEH T 9 FFIEIE 19259 ol F €54 ¢
2ol Er e F&F HAd g FEE 9 A HAAE, 19304
7} slo] W2 &, F4AZ LiBrA#AH L4 23T A9
E54 YEAe]Zol AdA Ao oANF FEHA Hlo

=3 # ol Zd A Yelel 2T &S A EAAN AT 19929
2ego)AA 33 AMLZAS M AA &, §F =ZH2
(CFC)o] 1996W¢l AAHL, tge] EFIHATL wxdy 7R
HCFCE 2020747 93402 AddEs & A FHYEre K
ael dxstal gich

ool AL ARSEY B BE ST Lo AHY 4T
o) 27% A9 Wi ole) AAEe] 22 FART Sk e 5



3 Wurle] AAgel WY FA3 %L Y Aol waA 3
A7)e] Js et Z7haA Hel A8 £F 2FW EAT FrheluiA)
A A Qe EAZ 453 gl

o AY FFe] BFYEAE AANY AAAE AYL ALSE
Y5 e dUAS Agde YP5LE 3547 Yo} e
7)ol Rget AUt FAVRD Fhxoleh,

QAR h2E FUHE AE 227t A B AgT A3
22 @ 4 3 Aol chidh Aed 9F 9AT FUF SYE T 5
sl gt ABRNE £UT A&7 dolBel 298 2 AR
EUE @A 4E Solx Qi ARt oA o FAe) delEE
BRAR H2E AEate o 3, 22 4 1§29 A=
EAE AAs] FolE: p2EAE AFHE T 2 UL M F
24 Wao)sl e B gl AV 2ed AFAA AR
o Zulel 44 Wuddle FFE S0RTeI4s) FU¥e) T2
A 24 g2 2Ese] i el Fulel Agelth

s %
A

s
=%
S

F54 A e 471, A7, 2], §571, §4dnir]e]
AR FAHEY 49714 F477 AR e v EFS AdHH o2
oF 33%, AMAEE o 27%E 2P}, aejER F54 Yy
2% -7A%3 2 ZEEIE HAAE S5V SR AT A7 2

4‘_2 O]E}- (6-9)

(5]

pr
0
>
—
el

Fd=A Wedr|e] 28AREE 3 dF F9 R AT Ad
2 ARz #A SedolE AmBPAL o Fete] BEFE Aol
A=z g

L

7171 AAE 2A A gz FLEAE FAA77] 904 295



o] AddAE FUAL Bevt e, F478 T E &
gdon Byl 37 d e Axge] Ax), FUES o feol d&
FHBFY d2F7] P4 dAe ZHolEY AR A& A
22 IYESE ERE & 9rh

2 ATANE §471 - 30 S} 2RBTRA AN 2 &
ge] AdWAS FYANZ 5 A SAE T4 Bk AT 54
zA57) 95 AR Felol= F41E A FRAWE
Wapde. 2e L folo) ANLHA FEES GHAUA T AF F4
of Be 54 UF AR S

rulo

1.2 F571<) A7 T4 AFE

A F7AA] EH)EEFSFN A A7+ €S FTHLE T B
A ATFHIZ gow, FEstdAd o232 gl obz AxH AFAI
= 3 vulsich 2 F547)d gl 4 2 E-)Fe] FER
o B4 A3 o fed A5FHd 97247 2 Fe] nn e, o}
A7tA] S RBEo] o F A o] 2 el sHe] AA ¢
Aeolct = FF7AA 4 R ERAL £ e shiE AEEY
AAE A7bsta ded, AREAA Hrbe 93 4 2 ERALS FA
o] A3} wFEL olx AFE FHEHA ¢x Yoh. =3 ARG
Ao AAFE #F A7 AFAE vlv|F Ao,

1r



i W 2 BAAY 34 Popld Sus etk

Grossmas =1 2 Huoie 259 d§Fo] dAsE A
stoll AAEE Fratste A4 dHoze] WeFy 44 % 59H
U L% 848 AW $49 B0 4L PAsde) 25 ¥ FE x2

e o3 & 4 Y= Hdd.

Wassenaar 'V & sje] 2@
ol g8 Wi e W7 54 3 2
% §470e) Watel ds BAsd. 27 25 F57) 97 o
T &5, FF EEARIGETN &9 F54 o Wahgs dsl2 9l

9 ATSE GA AA FFARE TARA e o EHY FFAA
o dg #Helslth Jernquiet 57 & WAl £x7 AP A
sl Ax 54 We4ole AF 22 Askd F T, $E, X
2 35 Fuje) B2 £HF 5 ALS 54 FdolE W4 F4H
Aol w2 st Au 2ol dshed A7

Kawae 5% & A4 F54 4470 234 & 25 s
B2 A9ste] Wi 27 dAschE s sl A6 o F5
ERADE) A vt FA, ¥ 25, A2d 4, dF §9 252
FEs} 2L AF =107 LiBr 99 23 A W) g 97

57 9
£4%, 9 2 2UAL A4S o
Jung ¥ & ARY £xe] WATY, 54 BAY LiBr $42

7t st FHA HAL E 1AY +5F 2 4 W4T 2de AA



33l

HO a_‘:_‘._(lg)

e Pztae] o WY 47 Sd)E Ho|A LiBr
o) ot oere HAsgch el we o dFe TARYD, &
BzAA Wse) AP $% olu] ¢ Yo A o) AL
g7 27 WB4 £EAele £EA WA 24T, FFt FF

L Eqt AARTOD AdHE BdolE T4 2F TS 2

B A2 sA A=t
Yzheel dax Yadelas Edel F57AA4e FaAAe F
AEe F4A J2FrldAe A F5Adde 2 A6 o

B
A%7F weteh

=

o=

1.2.2 Ede|E F479 AYH dF
Z7] F5 ARNA9) APAQ A7 A3 44E THES A3
o2H Axgl ¢tge] T, §99 2E% FE,
283 F5 49 EA ALES FAA7E BobdlA A=A gt

Morioka % & 432 ZgolEst Axd ¥ 2 YA X
oJsko] e Hd €A FAF 9 LiBr £ f3 Ageie £5F
7] Fe W3 AFEgH AFE s A F5 BEAALES S

o

& dolEzy, F57) 0 GRSl G824 2 &
Fol 24 BB ge £4 B

W LiBr £ f3 Ageze) £37) F4o B¢ AW A7E 5



& AAsAcd.

Strenger 5 Z74 5mm, E°] 3m, ¥ 0.3m9 ZdHo]EE o
=

Aoz Yyt RE =2 £3 FAE I F LiBr §9 3
ste 2o »F7l Fie FF AN FF dALAFE 0.3 kW/m
2- KelA 1.8 kW/m2 - K7tA] dsAAE o] 32 dAGA s o
g A=® g, $9 25 W w59 4%FE =AM

Becker 5% & LiBr/ZnBr2 (2:1 mol)¢} CH30H®] EH#E< %
AR ] FHe] 4 A FH g AFde EFdolE 89 &%
F71& AAste APE FYsn, ZHNEE FH FHoxE u
o] 34 4d ¥ ERALES AMAANA FHED 24 o  F2
A

o

¢ ot okt

mmAA F47 74 BIFE AT, J1E 40RT £39 4 o Fr
B F471sh nlmatel Badel= g F477 A3 50%7A RHE
% A5gE walch

FdolE F470¢ B8 dael 4PH ATE 53 QA FHA
oz #4593 o} dRE ARFES AN AL 4% L AAA=
=AY FALT A 9tk Daikin®] A% AAEFNE dAld Hoj S
o 3Fs WAEE £93 Ao AT Yo, AL AmE
g& dAeolch



1.2.3 AUBAY A Qo] AT AT

Kasiwagi‘25’ E AR F5ed Fo ARBAAE wF Hrlste F

ZAe) ulAE Est 2 wFIES B3en AgoT FWdF I

Ay AF)REAA PrsEe diME AREe] LA
ARse FEES 493 ¢z Fee AWAe] TRZY el o3
o wtAgdy FAstgd. 2183 A 0.01wit% o]els], 1 o] sle] F
EdAE Ao Anzo) dAlstx iy ek £ HAEETL
2wi% ol 4e] Fu AWEAA] o) F4EYe A Tw
¥ 27&54E 243 As¥dz FRUd

Hozawa 57" & 3A F54A9149 n-octanold] && w33y
9% E%E AgH 2 oEdez A7 wEssed, LAE o5
ARZAAE A7tsld ARBAAT 9 Fo A3 Fopsls del
AE FHI FHEEAle] dojuies S WA T ZAEE o|FoR
A7Mg A S w2y d{rt ARG F3E Kasiwagi ©) &
w5k,

Setterwall £ & x| gAolMe] F4AYE Fohod ARBAA
T2 o 4AY d¥3t BAEEY IS AENDon ANSHAE A
e nA o 30% AEel F45E T AT BRIt L
A AR AT AR EREN Fol ANBAAR WY A3 49
o Wls), Takahara $% & 2% AA490E TeWE S AW
FAAE Bl AWMAA SEs) FLEAE0le] BAT 2Asl
At ARBAAE BARLRA FFES 4-5 FrhRen 29
3 SAE ojste] AMBAA WEEe AL FEF Tt A9

Jung ¥ & frahlutd F401E olgstel 4 A FFe) AW



A Al n-heptanol, n-octanol, 3-octanol, 2-ethyl-1-hexanol& 3 7}3}
o LiBr/H20A19)4 1 &3F AIsH 2w o]&FE n-heptanole] 7}
2 £2 532 Jeh 2 3-octancl®] &7} 713 wjv] s e
il

Hoffmann £ & 14 2499 H3#3} 98 7l3#e2 FAHE
* A g9 $92F F5794  10~-640ppm  AHEAA
(n-octanol, 2-ethyl-1-hexanoh)& #H7}ste} AREAYA F=rs1 44
g SAe vae 4FE AFH 2R FrlEdded 2AL2ASI 22D
of golHE 60~140%, A 7FFFAMT 20-40% FE FFHLAD
3 B3

o 59 & 35RT TR 487 £F9 4¥RAAA 0~3000ppm
=349 ADBHAE Holslo HrbsEd G2 F47] Wl A
4% 7 99 F4E9 FEANE ARG ARLAA Aol o
FAL 8~10% A xeold, A7IF 3000ppm °}}FE =

bri
i
o



A2 AY oE

Y3719 8% FAA97 A s FE7IAA T EWST
SN o) FoeA shejof g,

Wztd B 9 £3715 AFH AFA st SFAIN= 59 7
49} vt} AZsid, S E B 258 = Ad A F
714E AstAzE W, FFelAE B #EB2vto]=(LiBr) 3

< 45 £9AA F714E $&d. 28ER Bl e2s 59
F4e 2L 498 2 & do
Ty FeHAA6AdE FeEd Fo WHSUv F4E W 3
Zdolt Ko o) deo|F ¢, EFolF ¥ FELEE
7) W Eel Rk E@F @4e] dojdoh

Fig. 2.1 F5344¢ /Mddes Yelhd Aol ¥l F471 9+
BB AT F27, FE219WY 482 P22 A= 92, o
W B R F5E9e 2xE 7tz 49 Pl F¥se EE(TELEE)
Ty, Ti+4Tio] A, 4714 AT, & 2 EBRvje]=sl o gL &
o] &gt zn M7= ¥ A (boiling point) el HH A 57|
AAAE FF7IUY 2 FEVIUY 25 TG wASE 4T

F e 252 #£A8 "ast 9o 97 F571E WZE) A F
A5 = Aol FHUlW GEE SN AP =3¢

rr

i

5
&

of

¢
-

fie



o] 7] wFo] FFFe 8 PR =F Popalch webA g
2} 4pel o8 FRrleA FF7IHE Pl F17E FAEL olst EA
o FerleAs ezt FEsty] AP Peirt sl FERd
of ojsf 2o X7t AssiA Hx = E3YHE Hopx)A o
. 282 FVYE 279 AHA &E T, &8 Pid #7317
AAAE FHgde s dFgE BEFE Hv) 9o & 9 Re
A2dholx AL wistolgol gt} FH, FHIAE WHFI7 F
FENo] FFHe £ WA F)e] BdE fFAEHE AL E71e3
vg F4dE BEsa A3, o] Fds} Fd9 FyHLd A=
48 Yzt odf A e BESY, §YJLEE Ti+HA4T 8} &
T 9 EEE fATIE Fa0d 4EE §4E R wE ddsl
= XY PR 4PkE 9 48 E A" F 9ol F4F AS
oz qlojydr,

EFNNY E58e 4L gAHe] dernE F47 FAFH 7

F47t A% AY=A 7] AAAE Fodde vEE oA
7t A ABsd & 287} I

£ o] Pl g FEAA FFEAE FFdE AAS AAeled
d AAAAARe] AFIEE Fig. 2.20 bl gdol. 27]o] B33 e
Ae Al W gde] Py, §5718 £E7F To, A7 2E7F Tot 4
T:2 FRAEHL ek o] Bejel4 EA7EE G o8 AY7E 715
7} NFaH fde] L7} AodAl =3 ole wgt FIIGE FohA
ot olgA =R TV A7) Aoldl APEFE ERATE A7A =
o] A7 AN HAF P FIE S$FHVZ o] FEA . o] i &F
ANE B3t &5 b S 2719 e 4Y Py, TE T2 74
gy A F71e $HVIWAA AEEA Ao AU EE A

885w

X
I

i o off
al

o (e

_—

_10_



A7 o)A e Frdego| LYFT|e] FuFEHA FFHe FFH AL,
&7 oA = BAF7]e) A3} w2 dF FF G5 93 A
t}.

29 Fea4, AAAFAME oldE fA F AN FEH F7
AR SFe) Zzt FEPA e FFas 3 ol vehdxd, AAR
L ol #AAo] dEH o dAse FoAeES AR FE F
Z3ted HAY F54AL AU SAH=2 By, 7t 28
FEed Aeojzl FLEAe A F57)e Eelew, oid #AF I
& - gte] Yl ErlE SEVIWOA AL BEsL YsiEe] F
of TEFHE Aol E e FAF o] dA AAL Fig. 2.39 el
Wi gl et

i

_1‘1_



vapor

| Absorbe
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water E waler
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Absorber Refrigerant(H,0) Evaporator

Fig. 2.1 Mechanism of vapor absorption in absorber
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Hefligeram(H?O) Condensor

Generator

Fig. 2.2 Mechanism of vapor generation in generator
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Refrigerant
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R
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Fig. 2.3 Basic composition of absorption chiller/heater
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Fig. 2.4 Marangoni convection mechanism by Kashiwagi model
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Fig. 3.1 Experimental apparatus

TCooling water (@Chilled water @ Absorber @Evaporator  &Sampling valve
BWeak solution tank @Refrigerant tank & Chiller @Water pump (@Solution pump
J1Solution circulation pump @@Heater 13Strong solution tank (@Refrigerant flowmeter

{5Solution flowmeter Pressure gauge I Thermometer

Fig. 3.2 Schematic diagram of experimental Apparatus
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Fig. 3.3 Photograph of experimental apparatus
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Table 3.1 Specification of Experimental Apparatus

Measuring Specification| Maker | Model No. JAccuracy
Instrument
) 05 PS .
Vacuum pump 5510 " Torr Shinmyung DI0A
‘ ~14.7~35 .
High pressure transducer PSIC SETRA 280E =0.5%
. 128AA-0010
Low pressure transducer | 0~100 Torr MKS oD =0.25%
Constant ten’{perature 4~i10 l/miun AR AR 3RT —0.9%
bath for cooling water -10C ~607T
Constant tgmperature 4~i10 l/rmon Sarmwon MA9L1 +0.2%
bath for chilled water ~-10C~607T
M t 3.9~45 I/mi Iwalki MDG
: 8~4r i -
agnet gear pump min wa _MATBAL00
LiBr solution flow meter| 0~2 1/min Floweell | NO.002958 £0.8%
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Fig. 3.4 Plate basic form
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Fig. 3.6 Heal exchanger of plate absorber
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Fig. 3.7 Dimple plate layout

Fig. 3.8 Dimple plate photograph

Fig 3.9 Magnification photograph of dimple plate surface
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{b) Front diagram

Fig. 3.10 Tray on Plate
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Fig. 3.11 Strong concentration tank

Fig. 3.12 Weak concentration tank
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Fig. 3.13 Constant temperature bath
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Fig. 3.14 K-type thermocouple



(a) Adhesion of thermocouple for absorber/evaporator shell

(h) Sensor for temperature of plate solution

Fig. 3.15 Adhesion of temperature sensor
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Fig. 3.16 Refractor

Fig. 3.17 Specific gravity meter
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Solution hs.i
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Fig. 3.19 Heat balance of absorber and evaporator
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Fig. 3.20 Heat balance of calculation model
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Table 3.2 Standard experimental conditions

Absorber Pressure, P, [kPal 1.2
LiBr solution Inlet temperature, T [T] 49
Iniet concentration, &, [wt%] 60
Film Revnolds No., Fey 6 ~ 35
Cooling water | Inlet temperature, T, [T] 32
Flow rate, G, [kg/s] 0.17~-0.3
Surfactant Concentration, [ppm] 0~4000
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Fig. 3.21 Heat balance of experimental apparatus
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Fig. 3.22 Experimental temperature distribution of steady state
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Fig. 4.1 Absorption heat flux of plate absorber
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Fig. 4.2 Overall heat transfer coefficient of plate absorber
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Fig. 4.4 Mass transfer coefficient of plate absorber
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Fig. 4.9 Mass flux of plate absorber on solution flow rate
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