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u}= "Ov=xDi=} |a}Uw OQ@ Q=m |DavY ẁ@]t |x} wyD QO �� jQ@ |=Hx@ �� |a}@]
OwN xm � 2xOvvmQ}N@D '?P=H 'QwD=QvS %R= CU= pmWDt |O=a \}=QW QO x=oDUO
QwUv=Ovm OL=w w �CU= \}Lt x@ CQ=QL |x}rND |=Q@ umlvN GQ@ l} OvtR=}v

[1]"xOvvmlvN =}
ltv l} R= w =R=tQU u=wvax@ ?; R= '|@PH |DQ=QL |=yAtB R= |Q=}U@ QO
s}D}r uOw@ Q=QiQ}e p}rOx@ "OwW|t xO=iDU= ?P=H u=wvax@ �O}=twQ@ s}D}r Ovv=t�
Ow@ Oy=wN umtt |vOW=v ?PH |=yR=o ?=}e QO Xr=N ?; Q=N@ OwHw 'O}=twQ@
|=yxO}OB QO "OQ=Ov OwHw Q=N@ R=i QO sQH p=kDv= |=Q@ |Dtw=kt p}rO u}tyx@ w
QO |}=RUx@ Q}F-=D u=} QH |xUOvy w u=} QH s} SQ ẁv 'sQH p=kDv= w CQ=QL p=kDv=
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w s�=k CND |xLiY |DQ=QL pO@t |=yCw=iD R= |m} "OQm xOy=Wt 9 pmW QO
V}=t}B Q}Ut uOw@x=Dwm Crax@ |ki= |xrwr QO xm CU= ?r]t u}= QO |ki= |xrwr
|x}L=vx@ OwOLt C=Q}}eD u}=� Ovm|tv Pwiv Q=w}O K]Ux@ C_re C=Q}}eD 'pwrLt
pO@t QO |rw �CU= ?; Q=N@ w O}=twQ@ s}D}r pwrLt T=tD K]U R= |mJwm Q=}U@
CU= umtt xDmv u}ty "Ovm|t Pwiv Q=w}O K]U =D C_re C=Q}}eD s�=k |}xLiY
=Hv; R= "OW=@ xLiY |=yxv=}t QO 'K]U QO CQ=QL p=kDv= V}=Ri= p}qO R= |m}
X=wN QO Q}}eD Ea=@ C_re C=Q}}eD 'OvDUy C_re w =tO R= |a@=D X=wN xm
"OW=@ ?PH Ov}=Qi |=yQDt=Q=B C=Q}}eD Q@ QF-wt pt=wa R= |m} Ov=wD|t OwN xm OwW|t
C_re C=Q}}eD 10 pmW QO w 'hrDNt `]=kt QO C_re p}iwQB 8 pmW QO
u=vJ "CU= xOW xO=O V}=tv Q=w}O K]U w Q=N@ w O}=twQ@ s}D}r pwrLt T=tD K]U

"O@=}|t Vy=m ,=H} QOD hqDN= OwW|t xOy=Wt xm

?; w O}=twQ@ s}D}r pwrLt QO CaQU |=yQwDv=m
CaQU xm s}@=}|tQO u}vJ xLiY |=DU=Q QOCaQU |=Q@ xOW G=QNDU= CqO=at R=
xOy=Wt 11 pmW QO xm u=vJ |rw &CU= x R= pkDUt w xOw@ y R= |a@=D \ki
|m} %OQ}o|t C-=Wv pt=a wO R= xm CU= xDU@=w R}v x |=DU=Q x@ CaQU OwW|t

sDWy w pyJ |xQ=tW �h} QW 6



x}v=y
Qiu

S}@w
|tQ

ms=
QyW

"Re = 20 5 \}=QW CLD |rLt CQ=QL p=kDv= ?} Q[ "14 pmW

"Re = 20 5 \}=QW CLD |rLt sQH p=kDv= ?} Q[ "15 pmW

|rLt |@PH sQH p=kDv= ?} Q[
%OwW|t xO=iDU= 29 |x]@=Q R= |rLt |@PH sQH p=kDv= ?} Q[ |UQQ@ Qw_vtx@

hm =
�D@!

@y

����
y=�

!w � !b = � _mabs

�(!w � !b) (29)

%OwW|t h} QaD u}vJ `]kt Qy QO lr=@ C_re u; QO xm

!b =
�Z

y=0
u!dy

� �Z
y=0

udy (30)

QO |rLt |@PH sQH p=kDv= ?} Q[ C=Q}}eD '1 pwOH QO xOWx�=Q= \}=QW CLD
sQH OwW|t xOy=Wt 13 pmW QO xm u=vJ "CU= xOW xO=O V}=tv 15 pmW
xLiY pw] QO w Ovm|t P=ND= =Q OwN Q=Okt u} QDW}@ |OwQw |xk]vt QO |@PH
|@PH sQH R= |a@=D |rLt |@PH sQH p=kDv= ?} Q[ xm =Hv; R= "O@=}|t Vy=m
x@ =Q Q=Okt u} QDW}@ |OwQw QO R}v Q=N@ |rLt ?PH ?} Q[ 'Q=_Dv= j@=]t CU=
u}= "�15 pmW� O@=}|t Vy=m COWx@ pO@t pw] QO |rw OyO|t X=YDN= OwN
|QDW}@ |OwQw QO ?; w O}=twQ@ s}D}r pwrLt xm OQ}o|t C-=Wv Ck}kL u}= R= xDmv
s=Hv= =@ xDiQ xDiQ w OQ=O =Q �� ?PH p}Uv=DB u} QDW}@ Qo}O CQ=@ax@ w �� p}=tD
|rLt |@PH sQH p=kDv= ?} Q[ w |@PH sQH ,q@=kDt w 'p}Uv=DB u}= ?PH Ov}=Qi

"O@=}|t Vy=m R}v

syt Q=}U@?r]t u}= Qou=}@ u}= w 'CU= xLiY Q@ Owta |=DU=Q QO u=} QHCaQU R=
|=]N =@ xLiY Q@ Owta |=DU=Q QOCaQU R= u=wD|t u}}=B |=yROrwv} Q QO xmCU=
"O@=}|t V}=Ri= sr}i ROrwv} Q V}=Ri= =@ =]N u}= |rw 'O}WwB sWJ G}=Dv QO R}J=v

|@PH sQH Q=W
?PH u=R}t '?; Q=N@ ?PHx@ ^}re ?; w O}=twQ@ s}D}r pwrLt |q=@ p}=tD Crax@
?PH u=} QH |=DU=Q QO u=}O=Qo w �13 pmW� OQ=O =Q Q=Okt u} QDW}@ |OwQw QO
u=}O=Qo u}= OwW|t QDW}@ |OwQw R= xrY=i xJQy "CU= q=@ Q=}U@ x}L=v u}= QO Q=N@

"CU= Q=N@ ?PHx@ j}kQ pwrLt u}}=B p}=tD u; p}rO xm O@=}|t Vy=m
'�4|xrO=at�u=} QH|=DU=Q QOCaQU|=Q@ xOWG=QNDU=|xrO=atj}kO|UQQ@ =@
`]kt R= `]kt Qy QOCaQU p}iwQB uOw@Cw=iDtEa=@ pt=a wO xm OwW|t xOy=Wt
&OQ=O |YNWt Q=Okt x |=DU=Q QO C}akwt Qy QO xm sr}i Ct=N[ "1 %CU= Qo}O
pt=a wO u}= ?}mQD "CU= C_re w =tOx@ xDU@=w C}akwt QO xm pwrLt X=wN "2

"�11 pmW� OW=@x |v=mt C}akwt R= |a@=D CaQU p}iwQB xm OvwW|t Ea=@

|rLt CQ=QL p=kDv= ?} Q[
%OwW|t xO=iDU= 17 |x]@=Q R= |rLt |@PH CQ=QL p=kDv= ?} Q[ |UQQ@ Qw_vtx@

ht =
k @T
@y

����
x=0

Tb � Tw = _qwall
Tb � Tw (27)

%OwW|t h} QaD u}vJ lr=@ |=tO u; QO xm

Tb =
�Z

y=0
uTdy

� �Z
y=0

udy (28)

|OwQw QO p=}U u}@ =tO hqDN= uOw@q=@ p}rOx@ '1 pwOH QO xOWx�=Q= \}=QW CLD
QO CQ=QL p=kDv= ?} Q[ 'CU= CQ=QL p=kDv= p}Uv=DB Qou=Wv `k=w QO xm Q=w}O w
|=tO xm |rLt QO w O@=}|t Vy=m xDiQxDiQ |rw CU= Q=Okt u} QDW}@ |=Q=O |OwQw
"�14 pmW� OQ}o|t OwNx@ |OwaY |OvwQ Ovm|t Pwiv Q=w}O K]Ux@ lQDWt K]U

"?P=H pw] QO |@PH sQH Q=W C=Q}}eD "13 pmW

sDWy w pyJ |xQ=tW �h} QW 7



"""QO
?;

Q=N@
?P

HO
v}=Qi

|O
Oa

|R=
Up

Ot(�C) pwrLt |=tO %T
(Pa) uW@ QR@= Q=Wi %P

(kg=m:s) sr}i u=} QH COW %�
(kg=m2s) |@PH sQH Q=W %mabs

(kg=m2s) \UwDt |@PH sQH Q=W %Mabs

(W=m2)|DQ=QL Q=W %q
(W=m:K) |D}=Oy CQ=QL p=kDv= ?} Q[ %k

(m2=s) |tQH Pwiv ?} Q[ %D
(J=kg) sQH OL=w QO ?PH |=tQo %hfg

(m) xLiY pw] %L
" CyH QO =yxQo O=OaD %M
� CyH QO =yxQo O=OaD %N

x|=DU=Q QO Oa@ uwO@ QwLt %"
y|=DU=Q QO Oa@ uwO@ QwLt %H

��� pwrLt QO O}=twQ@ s}D}r ltv C_re %!
(m) pwrLt sr}i Ct=N[ %�
(kg=m3) pwrLt |r=oJ %�

(kg=m:s) pwrLt |wQu=Qo %�
(m2=s) pwrLt |DQ=QL Pwiv ?} Q[ %�

=yT}wvQ} R
|OwQw %in

Q=w}O %w
?; Q=N@ w sr}i T=tD K]U %surf

pO=aD %e
?P=H %abs

pwrLt %s

|Q}oxH}Dv w EL@
%OQm xYqN u}vJ u=wD|t =Q xOt; CUOx@ G}=Dv u=}=B QO

p}iwQB R= u=wD|t w CU= |]N pwrLt QO =tO `} RwD u}}=B ROrwv} Q O=Oa= QO "1
"OQm xO=iDU= CQ=QL p=kDv= |xrO=at pL |=Q@ |]N |UOL

Pwiv QDW}@ pwrLt QO C_re C=Q}}eD OwW|t QDW}@ |OwQw R= xrY=i xJQy "2
|m} u}= w OwW|t xOy=Wt sy Q=w}O K]U QO C_re Q}}eD xm |}=H =D Ovm|t

"CU= xLiY |v=}t |L=wv QO CQ=QL p=kDv= ?} Q[ V}=Ri= p}qO R=
Cra xm Ovm|t Q}}eD |D=YDNt CyH wO QO u=} QH |=DU=Q QO CaQU `} RwD "3

"CU= pwrLt sr}i Ct=N[ V}=Ri= w X=wN C=Q}}eD u;
|x}L=v QO |@PH sQH C=Q}}eD |xv}W}@ p}rOx@ u=} QH |=DU=Q Q@ Owta CaQU "4

"OyO|t X=YDN= OwNx@ =Q Q=Okt u} QDW}@ x}L=v u}= QO |OwQw
Vy=m p}rOx@ u=} QH |=DU=Q QO |@PH sQH Q=W w sQH p=kDv= ?} Q[ QO "5

"OwW|t xOy=Wt |O}OW ,=D@Uv Ci= Q=N@ ?PH p}Uv=DB
|L=wv QO Q=w}O K]U =D C_re C=Q}}eD Pwiv p}rOx@ CQ=QL p=kDv= ?} Q[ "6
G}=Dv Ck@=]t w 'xrY=L G}=Dvx@ xHwD =@ "OQ=O |OwaY OvwQ Oa@x@ xLiY |v=}t
|@ wN u=v}t]= C}r@=k =@ u=wD|t =Q pOt u}= xm s}@=}|tQO |@ QHD w |R=UpOt

"OQm xO=iDU= CND xLiY ?P=H |L=Q] QO

s�qa
(m) u=} QH CyH QO QwLt %x

(m) u=} QH Q@ Owta CyH QO QwLt %y
(m=s) x CyH QO CaQU %u
(m=s) y CyH QO CaQU %v

(m=s2) x@P=H ?=DW %g

CWwv=B
1. chiller
2. evaporator
3. �ck

`@=vt
1. Kevin, D., and Ra�erty, P. Absorption refrigeration,

Geo-Heat Center, chapter 13, pp. 300-330 (2003).
2. killion, J.D., and Garimella, S. \A critical review of

models of coupled heat and mass transfer in falling-�lm
absorption", International Journal of Refrigeration, 29,
pp. 755-797 (2001).

3. Nakoryakov, V.E., and Grigoreva, N.I. \Combined heat
and mass transfer during absorption in drops and �lm",
Journal of Engineer Physics, 32(3), pp. 243-247 (1977).

4. Grigoreva, N.I., and Nakoryakov, V.E. \Exact solution
combined heat and mass transfer problem during �lm ab-
sorption", Journal of Engineer Physics, 33(5), pp. 1349-
1353 (1977).

5. Habib, H.M., and Wood, B.D. \Simultaneous heat and
mass transfer for a falling �l absorber- the two phase

ow problem, solar energy engineering", Proceedings of
the 12th Annual International Solar Energy Conference,
ASME , pp. 61- 67 (1990).

6. Patankar, S.V. Numerical heat transfer and 
uid 
ow,
New York, Hemisphere Publication Corp. (1980).

7. Andberg, J.W., and Vlient, G.C. \Nonisothermal ab-
sorption of gases in to falling liquid �lms", ASME-JSME

sDWy w pyJ |xQ=tW �h} QW 8



x}v=y
Qiu

S}@w
|tQ

ms=
QyW Thermal Engineering Joint Conference Proceedings, 2,

pp. 423-431 (1983).

8. Medrano, M.; Bourouis, M., and Coronas, A.L. \Absorp-
tion of water vapor in the falling �lm of water -lithium
bromide inside a vertical tube at air-cooling thermal con-
ditions", International Journal of Thermal Science, 41,
pp. 891- 898 (2002).

9. Rasul Islam, M.D.; Wijeysundera, N.E., and Ho, J.C.
\Performance study of the falling �lm absorber with a
�lm - inverting con�guration", International Journal of
Refrigeration, 26, pp. 909-917 (2003).

10. Fujita, I., and Hihara, E. \Heat and mass transfer coef-
�cients of falling-�lm absorption process", International

Journal of Heat and Mass Transfer, 48, pp. 2779-2786
(2005).

11. Yang, R., and Wood, B.D. \A numerical modeling of an
absorption process a liquid falling", Solar Energy, 48(3),
pp. 195-198 (1992).

12. Babadi, F., and Farhsanieh, B. \Characteristics of heat
and mass transfer in vapor absorption of falling �lm on
a horizontal tube", International communication in heat
and mass transfer, 32, pp. 1253-1265 (2005).

13. Rogdakis, E.D.; Papaefthimou, V.D., and Karampinos,
D.C. \A realistic approach to model LiBr-H2O smooth
falling �lm absorption on a vertical tube", Journal of
Applied thermal engineering, 23, PP. 2269-2283 (2003).

sDWy w pyJ |xQ=tW �h} QW 9


