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Abstract

Cooling and heating applications have become an inseparable part of our everyday life
today,as they lie behind the operation of a vast range of thermechanical industrial and
commercial processes that create the necessary conditions for the preservation and
improvement of our living standards. The technology behind these applications manifests
through the operation of heat pumps, devices that have the ability to reverse the natural
flow of heat between bodies, driving it from a cold areato a warmer é&meong others, the

two most widely used types of heat pumps nowadays are mechanical andiosoheat

pumps

The current study concentrates on the technology behind absorption systems, and after a
thorough presentation of its differences with the conventional vapor compression
technology, a detailed analysis of its inner processesapptications, as well as a historical
overview of its evolution starting from the initial conception of the idea in the il
century is carried out. In the context of presenting the evolution behind absorption systems,
an extensive description of thastassifications is provided along with their characteristics, as
well asadescription of the innovations that have been developed during the last decade,
that make absorption technology a very competitive alternative of the, up to recently, more

popularvapor compression technology.

The main focus of this study, however, revolves around an innovation that has been recently
created by two researchers of the Georgia Institute of Technology, USA, Srinivas Garimella
and Matthew Delos Determan, who developectanpact prototype absorption cooling unit

with microchannels. The study of this cooling unit begins with athorough description of the
fundamentals behind its operation and moves on to the manufacturing techniques used to

create the study prototype.

FUK SNY 2 NB>X (KS f23A0 0SKAYR GKS RS@St 2LIYSyi
described in full, through the analysis of the steps the researchers followed while solving the

cycle and calculating its design point conditions. According to these valnestansive

analysis of the methods and correlations used to calculate the physical dimensions of the
components is carried out and is completed by recreating the steps followed by the
researchers using a computational model created in Mathcad. Firstethdts calculated by

this model are compared to the results calculated by the researchers, and second, to the

results provided by the theoretical thermodynamic cycle for the design point conditions,

iX



while at the same time comparing the theoretical apprbatith the one that takes the
physical dimensions into account using thelMTD method, whenitcomesto predicting
0KS aeaisSyQa O2STFTFAOASYG 2F LISNF2NXYIFyOSo

The study continues with the full development of a 3D model of the cooling unit using
SolidWorks according to the values calculated from the processes above. The steps that
were followed during this process are presented analytically, starting from the sketch of
each individual componentin a 2D environment, to adding all of the components together in

a unified assembly.

¢CKS flad adsSLI 2F GKS addzRe O2yarada 2F I+ Fdf €
inner processes using Flow Simulation, an application that is implemented into SolidWorks.

The first part of the study describes an effod recreate the results presented by the
researchers, from their own flow simulation study carried out using ANSYS for a simplified
variation of the designed unit, that completely disregards the existence of the heat
exchangers and treats the unit as onegle solid volume. This stepis carried outin orderto

confirm the accuracy of the 3D model geometry as well as the correctness of the study
conditions, and to eventually provide afoundation for the second part of the analysiswhich

concerns the desigof the cooling unitincluding the channels, the wawdasmeant to be

manufactured.

The results of this analysis reveal the true operation within this absorption cooling unit,
giving shape to its various fluid and thermomechanical properties, suchréisledlow
trajectories, temperature and heat flux distributions, pressures and concentrations of the
working fluids, as well as in the way they transfer heat throughout the circuits of the
different components. This specific study constitutes a firsbefio visualize the internal
flow and its behavior throughout the system and is a unique tool that can be used for
understanding the thermal processes of this particular unit, while in the context of
optimization and in conjunction with the Mathcad modelprovides a platform for system
simulation and testing, without the need to refabricate a prototype for every variable

alternation.
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n‘h<‘>h A‘Q_‘C' ]B" A
Jho ot hyl237x1E kg/s T T )| 0.33x1E kg/s 20.89x16 kg/s
| 400 kPa 400kPa 101 kPa
o " > ¢ h 7 73.2C 18.0°C 37.0C
o >~ ¢ h° 50.4C 45.6C
Q 748 W
LMTD 19.7C
UAequired 38 WIK
oo s T sa Al T T g
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I%in Array 6.4 K/kW 7.7 K/kW
Ruail 0.7 KIkW
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4220 > ¢ o
K > weas v T T T > AL " T h B A ' T
ALS LS o 1% ALV
Jho o ¢ hyh 0.33x1C kg/s 17.8x1C kg/s
| 1600kPa 101 kPa
o5 >° ¢ hoon 85C 37.0C
o > ¢ h ©h 39.6rC 45.6C
Q 414 W
LMTD 14.3C
UAequired 29 W/K
[ ToAD4AY 1 >80T B L " h 3 1 > C AL
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423nAh <<h o dpg > _ > h nh
0) R A . A A B Ah<<h¢ >t h T 1
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1\1(‘5/\_ > W A B’h" n‘h<
[T hyh 2.7x1C kgl/s 2.37x1@ kgl/s
[ s 1600kPa 1600kPa
o > ¢ h h 63.7C 128.2C
95 > ¢ N h 109°C 75.7C
Q 562 W
LMTD 15.3C
UAequired 37 W/ K
I’/\h4§_‘6vll-l'>5 ~ B4 " h > sY _" n/\h <|_]<h<.‘ ! ¢5 >
K" o _ ~ R LA T L >WAY ~ ¢ h T
17 h >>t ¢ Ras=1I9Rés BHHO O B A_B<B W >s _h ~
T <Y v ehaA >E A Kakadgdthl, 1987 AT ht o STTLAsT iUt aan oY
B h i 1Y C‘ Qldﬂ Ch"'l" _45‘<hw_“’>>h"_lhq; A - Y <Yt >_ A
h ¢ < LY - AN Ch o
1‘J¢5/\_">W/\ B’h' n' h 4
[ " AR <" h <hen'h 10 10
Lehannel 40 mm 40 mm
G 137.5kg/m?-s 10.8kg/m?-s
h 7300W/m?2-K 7600 W/n?-K
Rin Array 133 K/kW 12 8 K/kW
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4240 AN << h © o6 "> _ "o A VO rw:" 7
B /\‘"QB_BIV g v 4_“" 5/\h<<h¢_' ‘B >'_'_h
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rl‘ " T l . ' 4 rl‘ B S Uh > !
fho . ¢hyh 0.33x1C kg/s 0.33x1C kg/s
| 1600kPa 400 kPa
o >" ¢ h h 39.6C 8.6C
s > ¢ h h 30.2C 18.0C
Q 15 W
LMTD 21.6C
UAequired 07 W/K
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06 > ¢ hoon -1.4C *C
o >"¢ "~ h*h 8.6C 5.5C
Q 354 W
LMTD 2.2C
UArequired 160 W/ K
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0 Q Q, "~ - (4.48)
MY B8 L o™ B A h <~ h h > Y
QY B '] v ¢ B AY h <~ h ¥
[ h h =Y 8 <w®™>h h 1R T TS E ST A COPE
“hh A h YA T hhch - AhCh
A ¢ _ vt ¢ r v IB . _ LI
[ h Ah < h <h<a™h 15 15
Lenannel 80 mm 80 mm
G 11.1kg/m?-s 815kg/m?-s
h 38000 W/m2-K 7006 W/m2-K
Rin Aray 0.8 K/kW 4.2 K/IkKW
Rl 0.3K/kW
UA 185 W/K
I’/\h4ﬁ.‘1]yIB“’_5<w‘>h_h YY1 " Y S _ A 1t h 1]_"
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426n° " 7. "

n'h<‘>h

fph> .o hyh 2.7x1@ kg/s
J oo 1600kPa
¢5’>V¢’h"h 109C
o > ¢ h 7 h 128.2C
Q 800 W
L 0.143

[ 7ADLIY o> Y T st h s> RO o O "

lv '{'h< >h B"W’LIS h ¢ V/\ K ¢ V’I " K >v,)"
Lhst < oy o g adMny 4, h Tt s SH @hg s ¢
o T W T N AR > oY o- A BT WO s Ve STw
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e e > h 0 AKWHMZEA B A - T WVLE6. IKWHMDT & > we T ! o>t o

Yt . _->h b ” B ¢ 77 " <" 7" A B AR T U< . h >
MW/ m2.

n‘h<‘>h

 h Ah < h <h<ph 4

Lehannel 55mm

G 171.9kg/m?-s

IJ éesign 707 kW/IT?

lj o 106.1kW/m?

lj & 3.1MW/m?

[ ANy BT s <w >h h T <Yt > A a0t hy oY T >E
cE 1 B, > 7 h ¥ B ¢ 7Y ! "y D | , h 7 A B h *
{5<@hi" h IS AT, >SWwWAY 1 ' h < > h B " w8 h * 1
>weihoohc h CmakeTBI T, KRIwIow. T, b
BEW< B! >w o, ¥ * < <WwWE ! Lnlz B @ " "Y€ B AN hg's €C Y
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85



4278 N1 8 <

B hihes <

(o t¢con

' q) c[ ~

N I ¢ w A

n' ¢ 4xn | .-

l'{_'“h " _||<| {l
h>>, A’ h ¢ h o h
" > h h >7T T Y vt s w

Lt aamps ST h o Yy

.



‘V‘ - oY Y11y Bt _V MI'II'E:EZ_'V j5<_’," _'. h -~
I R I Y _"‘ ¢ /hh/\_h'ﬁ‘/\_"“"’ ‘I‘B_'V>,{'V__' _h >w ' h
1 > h * JCI:S/\_'+>W/\V 1 " h < >h_" - BVW'LB_h‘
v hT s <h@h g "t 0 A RECWT L TE O L Tt g sxch T, T
B 7t ’h,"/\_h‘ ‘_"/\ 'h’h\“h_, - Ah ¢ h o

B S IB"‘_B/\h’ 1‘Jl¢5/\_’,

- ' (Refluxy nth< >h
[T 0" ¢ hy | 0.387x16 kg/s 2.7x1C kg/s
oot by |0.327x16 kgls 60.0x1C kg/s 2.7x1@ kg/s
| 1600kPa 1600kPa 1600kPa
| A S 0.88 0.37
1, Swa_ T 0.98 0.29 0.37
o " > ¢ h 128.2C 50.8C
o > ¢ h 85°C 128.2C 63.6C
Q 152 W
LMTD 47.7C
UArequired 3.2 W/K

[ 7 AhLly ' > T Lot tsht BT. " T B A
(h>i h A A_h =0 A T s KPS T WA T e
C"'B‘>W/\V‘ ,‘ﬁ‘_'C", h_h>j“5’<_“‘_"h_‘"u VW‘jBEh_‘h'_““_
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Y8 ' 'Kakacetal(1987) ' h 4 T h SREGE212) ¥T S heh <t Y T f Y A

L h T st > << 0T Lt h o h T A
0 P CBrTCqp odiYyug GC8 XOu
o . L L 4.49
¥ PBLUX L T YO L (4.49)
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T & > T (4.51)

"Qy s - ' _h A i h _to_h
Q. - "' >WA' <hAf®h AT h>C8 Ab' > W2KASY2¥
Y Y ‘B >Y ¢ h h 1t h 1A ) " - B ! B _" ~
Y:rw' ™% >Y ¢ h h B _V’ o' >5_¢hj_h<5"f"l ‘_31
B - h A B ° h 1 ' h _' h Ah 1 €8 _" 5_‘ > Y 0
O:r" ¢~ 5",h/\s'h">“_"/\‘r_1“k‘;>ns@¢':hl“/\h <'V,L')
Q Q T @ NO"Y Y (4.52)
Y — (4.53)
Y > T (4.54)
YRY Y T Y <Y1t >wAh  ho- YA S <
B h h - _“ - Y <Yt > Y - Y w G h A v _' > v
1. S8A_ 7 . >w B_ >
[ h Ah < h <hen 1 NA
Lenannel 38 mm NA
G 300 kg/m?2-s NA
h 5900 W/nt-K 8000 W/nt-K
Rrhermal 49.1K/kW 157.8K/kW
Ruail 86.61K/kW
UA 3.4W/K
J' > /\h4<._‘15{| B‘ v B <w > h B h . P IR S /y\hJj‘Bh<__[l]", _‘"' > B ¥
CE s, >8 “h’jheg <__Ts‘ :*/ﬁh”/\ ! 1 Y h U’¢<b@h C[J"' hy '_,hh St ’C"' S
h ¢ h ¢ h _" <.‘_' ¢ v h_>" ¢ h h h v~ 1 " h <« >h_
P es _ht o YA ccwC B @ hAL T 4t h Ly
h AY 1 " Ch > w h h = _h B~ B 1 h _' h'_"<"" 1 ¢ h '«
B VW B h *
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YmoAoyiop6g Twv UA

Nghim = 40

w
k = 155——
wall R

twall == 0.25-mm
tgy, = 0.5-mm

Ljp = 127-pm
hehanne] = 0-25-mm
Wehanne] = 0.5-mm
Dy, := 306-pm

pCl’it_NH3 = 11339-kPa

A ¢ (Absorber
Nchannel Abs = 12
Lchannel_Abs = 50-mm

Lflow_Abs = Lchannel Abs

WAbs= Nchannel_Abs'(Wchannel + tfln)'(Nshim ~ 2) = 456-mm

Lwall

Ryvall Abs =

Adlya  Shahetal. (1979)
(Solution)

Kwall WAbs Lflow_Abs

Mo p_low := 400-kPa OTO ONyeio KOPETHOU UYPOU Kal ATHOU

T

ke
pl_low = 641.2473 —:;
m

W jow = 173.879-107 Ops.&

-3 W
Ky Jow = 522.201-10 —
Pr|_jow = 1.529

3
Cp|_jow = 4-605-10 =

=1

T
By Jow = 1909.0—

kg

sat low = (-1.968)°C = 271.182K

ke
Py low = 3.2315—
- m3
— 6
p'v_low = 899510 Pa.s

-3 W
k = 20.975-10 ~ ——
v_low =

Py Jog = 1136

3
Cpy Jow = 265110

K

J
hy jou = 146003 =

=
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Ryall_Abs =

0.707- —
kW

-3k
Mpotal Abs sol = 2-37-10

e

3

wl(ﬁ'w

Myotal Abs vap = 0.33-10



p_low

Prlow="""—— =0035
Perit NH3
= =g I8

Meotal Abs_sol vap = Mtotal Abs sol ¥ Mtotal Abs vap = =/ * "

_ Miotal_Abs_sol vap
MAbs_sol_vap = e

shim
Nchannel_Abs' >

MAbs sol vap ke

GAbs sol = S 114.592 :’
(hchannel) m-s
T 2
G .
'Abs_sol Dy
ReAps_sol_lo = T Reaps sol_Jo = 201.663
_low
k
0.8 0.4 "1_low 3 W
Qabs_sol_lo = 0023 -Reppg o1 1o Pry Jow — — =3.246x 10™ 3
m-K

dAbs sol = 0.1
0.76 0.04
, 08 >84Abs sol '(1 - qAbs_sol) 4 W
QAbs_tp = ®Abs_sol lo’ (= qAbs_sol) * _ = 1059 x 10 - 5
Pr low m K
. 4 W
®Abs H = “Abs tp b F = 1089310 ——
m~-K
5 W -3 kg
Nepd Yo Kakac et al. (1987) Myotal Abs CW = 20.89-10 ~—
(Cooling Water) - - §
PAbs CW = 76.294° ~ Miotal Abs CW
= MAps CW = N
— 9 — shim
OAbs CW = 29Abs CcW = 2.663 Nehannel Abs ™
MAps CW ke
Gabs_cwW = T = = 886.599 —
(hchannel) 3 m"s
"‘r—

2

2 3 4
_ 2.0705(1 + 229160 oy — 25682051 oy + L4815 Bppe oy — 033380540 cw )-kwau
QAbs €= D,

W

3
QAps C = 8.403 x 10™- >
m-K

93



Qabs H'2

31
MAps H= K =1.653x 107 —

wall tin m

q , tanl"(mAb s H Lﬁn) i
£ = -0
Abs A (mAps_ Fr Lfin)

OLAbS_C.Z 1.473 103 }
lnAbS C = — =] X —
- Kyall tin m

tanh(mAbs_C'Lfm)
Mpps Lfin

= 0.989

Nf Abs C=

hchannel

; —4
Af_Abs = ("T * tfm]l"channel_Abs'I\Ichannel_Abs =5.356 x 10

2
m

)
A'p_Abs = Wchannel'Lchannel_Abs'Nchannel_Abs =3x10 'm

Nshim ~ 2 5
AT_Abs = (Af Abs + Ap_abs)—— — = 0.016m

; Af_AbS'(1 - 1rlf_Abs_H)
NT_Abs H =1 = Nchannel Abs & = 0.994
T Abs

At Abs (1 = M Abs C)

NT Abs € = 1~ Nehannel Abs A = 0.995
T _Abs
1 K
R = = 5.982. —
FINARRAY Abs H

== T Abs H'®Abs HAT Abs kw

R ' L 7.531. =
FINARRAY Abs C = 5 e
=TT T Abs C'®Abs CAT Abs kW

K
RT_Abs = RFINARRAY_Abs H * Rwall_Abs * RFINARRAY_Abs_c = 1422175

1 W
UAppg = —— = 7032.—

RT Abs
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Zuumukvw e (Condenser)

Nchannel Cond =8

Lchannel Cond = 60-mm

Lflow_Cond = Lchannel_Cond

WCond = Nchannel_Cond'(wchannel -3 tfm)'(Nshim - 2) = 304-mm

tvall

wall WCond Lflow Cond

Ryvall_Cond = K

Yuktko Mégo  Shah et al. (1979)
(Refrigerant)

lMa p high := 1600-kPa OTO OMEI0 KOPECHOU UYPOU Kal ATHOU :
Tsat_high =40.98°C = 314.13K

Rwall_Cond = 0.884-

kg
pl_high = 577.83 —3
m

-0
p"l_hlgh =112.97-10 "Pas

kg

3
m

pV_high = 12.38

- 6.
”V_high :=10.36-10 "Pas

-3 W -3 W
k]_hlgh =439.41-10 ﬁ kV_hlgh = 30.16-10 ﬁ
Pll_hlgh = 1.268 Prv_high =1.213

J J
Cpl_hlgh =49.44 e K va_hlgh = 35.39 koK

. J & J
hl_high = 3954.8—0 hv_high = 14901.9 k_g
=1
. .
. o . - .
Y Dt N3
3k

oo |Uo

Myotal Cond ref = 0-33-10

Miotal Cond ref

Nshim
Nchannel_Cond' 2

m_Cond_ref =

m_Cond_ref kg
GCond_ref == 21.008 -

(hchannel)~ s
2

GCond_ref Dy

] ReCond_ref_lo = 56.905
I high

Recond ref 1o =

—
0.8 0.4 1 _high W
ACond ref lo = 0:023-Recong ref 1o Prl high - D —e RE 2

m -K
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dCond_ref = 04

0.76 0.04

_ 0.8 3'8'(‘1Cond_ref) '(1 ~ 4Cond _ref ) _ 3 W

QCond_tp = XCond _ref lo’ (1 ~ 4Cond_ref ) + 038 =4.209x 10 - p
pr_high m -K

; 5 3 W

QCond H = %Cond_tp QCond H = 4209 x 10 =
m~K
Nep6 Yo Kakac et al. (1987) -
(Cooling Water) Myotal Cond CW = 17.8-10 T
PCond_cw = 76.294° _ Miotal Cond CW
Meond CW = Ny
shim

o o= 2 . _shim
Cond_CW Cond_CW Nchannel Cond’ >

m 3
Cond_CW 3 kg
Seond ow ST 7= 133X 10 2:’
(hchannel) LR
i 2

2 . 4
2.0705-(1 + 229160004 cw — 25682:000nd cw + 14815-000nd cw — 03338-000nd cw )-kwa“

®Cond C =
- Dy
v
Ogond_c = 8403 x 10°——
B m-K
mg O‘Cond_H'2 1.042 103 1
ond H= ||V . |7 10> 10—
- Kyyall tin m
. tanh(mCond_H'Lfm)
Mf Cond H = = = 0.994
(mCond_H ﬁn)
%Cond_C2 31
Mognd ¢ = J|————|=1473x 100 —
- Kwall tin m
tanh(mCond_C 3 Lfm)
Nf Cond C = = 0.989

Meond ¢ Lfin

hchannel 4

—4 2
Af_Cond o ("T i tfinchhannel_Cond'Nchannel_Cond =4285x10 'm

=T
Ap_Cond = Wchannel'Lchannel_Cond'Nchannel_Cond =24x10 'm

Nepin — 2
shim 2
AT_Cond = (Af_Cond € Ap_Cond)'T = 0.013m
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Af_Cond'(1 - nf_Cond_H)

"T Cond H = ! = Nchannel Cond’ A = 0.998
T Cond
. Af_Cond'(1 = T1f_Cond_C)
NT Cond_C = ! ~ Nchannel Cond’ % =0.997
T_Cond
R ! L 18.736 K
FINARRAY Cond H — = 2OV
-7 T Cond H ®Cond HAT Cond kw
R . - 9.399 S
FINARRAY Cond C -~ = e
- - nT_Cond_C'O‘Cond_C'AT_Cond kW
: 29.02. %
RT_Cond = RFINARRAY_Cond_H * Rwall_Cond * RFINARRAY_Cond_c = 29-02-==
1 W
UA o = = = 34.459.—
RT Cond K
EvaAAdkne Oeppdmrag AlaAJpoTog

(Solution Heat Exchanger (SHX))
Nchannel SHX = 10

Lchannel SHX = 40-mm
Lflow SHX = Lchannel SHX
WSHX = Nchannel_SHX'(Wchannel + tfm)'(Nshim - 2) = 380-mm

Lwall

K
Ryvall SHX = Ryall spx = 1.061-—
= Kywall WsHX Lflow SHX = kW

Zuykevipwpévo Aidhupa - Kakac et al. (1987) oo 3ke
(Concentrated Solution) Myota] SHX €S = 2710 ?
PSHX_Cs = 763337 . Myotal SHX_CS
Mg CS = =
OsHX 8 = 2¥sHX _Cs = 2.605 shim

Nchanne]_SHX' >

MgHX CS kg

GSHX_CS 3 =137.51 5

2
- (hchannel) s

2
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2 3 4
2.0705-(1 +2.2916-055yx_cs ~ 2.5682-0gx s~ + 148150y g — 03338 Ogpry ¢ )-kwau

OSHX C =

Dy,
3 W
= 2 s
(XSHX—C 7.302 x 10 5
m -K
Apai6 AdAupia Kakac et al. (1987) o e A0 3kg
(Dilute Solution) - - §
@ = 76.337° _ "total SHX DS
SHX_DS mopy DS = —
- _ shim
OSHX DS = 2¥sHX_Ds = 2.665 Nehannel SHX™
MSHX DS kg
GSHX__DS = —7 = 120703 2
(hchannel) LU
7"_

2

2 3 4
2.0705(1 + 22916 05y pg — 25682 05y s~ + 14815-6gpyy pg” — 03338-Ogp1y pg )-kwa"

Dy,

QSHX H =

= 7.601 x 10° L
OSHYX. H = /001X 18 - 5
m -K

Q -2
SHX H 1
- Kyyall tfin Lt

tanh(mgpry 11 L)

= = 0.99
f SHX H ( . Lfm)
2 ,
me o= [ CSEEC | 3L
- Kwall tfin L
tanh(mgprx ¢ Liin)
"f SHX C*= =099

mgpry ¢ Lin

h
channel -4 2
Af SHX = (“’ > ¥ tﬁnjLn:hannel_SI—IX'Nchannel_SHX =3571x 10 'm

—4_2
Ap SHX = Wehannel Lchannel SHX Nehannel sHx = 2% 10 'm
N,

him ~ 2
AT spx = (Af SHX * Ay SHY) ——

2
= 0.011m
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Ap spx (1~ Mf sHX H)

"t sHX H = ! ~ Nehannel SHX' B i =080
A Ar sux(1 - "t sHX C)
T sHX C = ! ~ Nehannel SHX r— =10.997
R : - 12.473. =
FINARRAY SHX H = - S
— 777 M1 _SHX HOSHX HAT SHX kW
R ; 1 12,982 =
FINARRAY SHX C = = SRR
=77 N1 sHX C'9SHX CAT SHX kW

K
Rt _SHX = RFINARRAY_SHX_H * Rwall_SHX * RFINARRAY_SHX_c = 26517 ==

1 W
UASI'D( = —— 3] ]2 —
Rt sHx K

EvaAAd Oeppuomrac Wuknikol Méoou
Refrigerant Heat Exc r(RH

Nchannel RHX = 3
Lchannel RHX = 40-mm
Lftow RHX = Lchannel RHX

WRHX = Nchannel_RHX' (wchannel + tﬁn)'(Nshim - 2) = 190-mm

R, twall R T
1l RHX = wall RHX = 2122-—
- Kyvall WRHX Lflow RHX 5 kW
YwnAn Migon Kakac et al. (1987) — 0.33.10 3 kg
(Hiah Pressure) Miotal RHX_high = V>~ K}

o = 76.417° _ Myotal RHX high
‘PRHX_hlgh lnRHX_hi gh = N y

shnim
ORHX high = 2¥RHX high = 2-667 Nchannel RHX
MRHX high kg
ORHX high = 757 = 33.614—;
. (hchannel) L

2
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2.0705-(1 + 22916 gy pigh ~ 256828y high. + 14B1S-ORpry pigh 0.3338v6m_high4)-kwa“

OREX.H =
- Dy
3 W
ORHX H = 6.103 x 10" >
m—-K
XaunAn NMie Kakac et al. (1987) ) -3kg
(Low Pressure) Myoa] RHX low = 0-33-10 I
= 76.719° Miotal RHX low
YREE, low MRHX low =
0 _ 12678 Nshim
RHX_low = “PRHX_low = = Nchannel RHX ™
MRHX low kg
ORHX fow = 757 = 33:614——
(hchannel) m s
m—

2

ORHX C = D,
_ W
ORHX_c = 376.533-——
m-K
[e? -2
ey = | SR | peseod
- | Kwalrtfin | m
tanh(mR . H-Lfin)
'T]f RHX H = = 0.992
== (mRrEx 1 Lfin)
ORHX 2 1
mRHX C = _— 1 =311.721 —
= Kyvall tin m
tanh(mpry ¢ Lin)
nf_RI‘IX_C = = 0.999

MRy ¢ Lin
) B ehannel -4 2
Af RHX = | ™ > + tfin |Lchannel RHX Nchannel RHX = 1785 % 10 'm

4,2
Ap RHX = Wchannel Lchannel RHX Nchannel RHX =1 * 10 'm

Nshim -2 2

AT_RHX = (Af_RI‘D( Y Ap_RHX)'_Z- = 5.292 x 10_ 3m

Ap riax (1~ Mf REX_H)
AT RHX

=0.999

T RHX H = ! ~ Nehannel RHX
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A¢ rux (! - "¢ REX C)

NT RHX C = ! = Nehannel RHX'

1

AT RHX

RFINARRAY RHX H =

1

T RHX HORHX H'AT RHX

RFINARRAY RHX C =

T RHX CORHX CAT RHX

= 0.502-

=1

K
= 0.031.-—

Zlm

K
RT_RHX = RFINARRAY_RHX_H * Rwall RHX * RFINARRAY_RHX_C = 0-335- 5

1 W
UARHY = 7= = 1869—

R rux

Arporroinry (Evaporator)
Nchannel Evap = 13

-3
Lchannel Evap = 80-10 'm

Lflow Evap = Lchannel Evap

WEvap = channel_Evap'(Wchannel & tﬁn)' (Nshim = 2) =0.57m

bwall
wall WEvap’ Lﬂow_Ev ap

Ryvall Evap = K

YukTiké Méoo Kandlikar et al. (2003; 2004)
(Refrigerant)

3

ks |u§

My otal Evap ref = 0-33-10

Myotal Evap_ref

Nehim
Nchannel_Evap' 5

m_Evap ref =

Pr low = 0.035

FFI =1

m_Evap _ref kg
GRvap_ref = 7~ = 11.205—

b hannel” m"s
e

2
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Ryall Evap = 3537 x 10

4 K



GEvap_ref Dy

ReEvap_ref lo=—— Regyap ref lo= 19718
M low
s 08 04 XlLlow W
OEvap ref lo = 0.023-Regyap ref lo "PI1 Jow - = 505.244- "
m—-K

h

channel _3
'—2 + tﬁn\JLchannel_Evap'Nchannel_Evap =1.071 x 10

2
m

Af Byap = [7‘

- N )
Ap Bvap = wchannel'Lchannel_Evap'Nchannel_Evap =6x10 'm

G wsd
shim ~ <

2
AT Bvap = (Af_Evap ¥ Ap_Evap)' =0.032m

QEvap th = 354W UTTOMOYIOHEVO QTTO TOV KUKAO

_ Qevap th _ 1115 x 10%X8

AT Evap 5

2
4m
hpy=hy jow = by fow=1.269x 10" —

S

Bo=——3  —0078
GEvap_ref hyy
0.5
0.8
- p
Co = (1 qj . V_IOW = 0.036
q Pl low

_ ~02 08 0.7 038 4
Otp_Evap = 0.6683-Co (1 - @) "-Oyap ref Jo+ 10580-Bo" (1 - @) “Fp| Opyap _ref lo = 3458 x 10"

4 W
QEvap C = %tp Evap OEvap C = 3458 x 10 T
m-K
2 el -3 kg
Peyoro Zebéng  Kakacet al. (1987) Motal Fovap O = 24107 2
Coupling Fluid .
: o . Myotal Evap CF
$Evap_CF = 76.369 MEyap CF = o
N shim
GEvap_CF 2 ZKPEV?‘P_CF = 2.666 channel Evap’ 2_
) MEyap CF ke
GEvap CF=T— 57 = 8148713 —=
5 (hchannel) m-s

2
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’
2.0705-(1 + 22916 0,00 o ~ 2568205, p + 148158y, cF - 0333805, CF4)'kwall

QEvap H =
- Dy
3 J
O vap_J1 = 7:003 x 10—
m-K

OEyap H'2 31
MEvap H = ————= =] 3 10—
- Kyvall tin m

tanh(mEvap_H' Lﬁn)
(mEvap_H' L m)

Q -2
E (& 1
rnEvap C = _'_VE"P_—' = 2987 X 103‘—
- Kyall tfin m

tanl"(mEvap_C' Lfm)

MEyap ¢ Lfin

= 0.99

Nf Evap H =

= 0.955

Nf Evap C =

Af_Evap' (1 - Tlf_]:‘,vap_H) G0

"T_Evap_H = 1 ~ Nchannel_Evap’ F—
_BEvap

Af Bvap’ (1 - T]f_Evap_C)
AT_Evap

"T Evap C = ! = Nchannel Evap’ = 0.977

1
T _Evap H “Evap H AT_Evap

-3 K
RFINARRAY Evap H = =4519x 10 "

1 4

=932x 10 i
W

RFINARRAY Evap C =
- - T Evap C “Evap _C’ AT_Evap

23K
RT_Evap = RFINARRAY_Evap_H * Rwall_Evap * RFINARRAY_Evap_c = 3:805x 10 <2

1
UAgyqp = = = 172.273.

RT_Evap

~ =
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AvoBeAnonic (Rectifier)

Nchannel_Rec =1

Lchannel_Rec = 38 mm
LflOW_Rec = Lchannel_Rec

-3
twall Rec = 24510 "m

Lfin Rec = 215.42pum

h = 0.25mm

channel Rec -

Wehannel Rec ©= 1-0138 mm

t'ﬁn_Rec = 0.5mm — hchannel_Rec = 0.25-mm

I'= hepannel Rec

Pifopod Rag
2

R:=

5 = rR-Z = 0.199.mm’
Rec CS =T '2 = 0.199-mm

PRec cs = R+ |4 +R) > = 2.236-mm
A
Rec_CS
Dj, Rec = 4 ——=— = 356.053-um
- PRec CS

WRec = Nchannel Rec’ (Wchannel_Rec +thin R ec)' (Nshim s 2) = 48004 sintin

twall_Rec - e K
1l_Rec = °°- W

Ryall Rec = m

wall WRec Lflow_Rec

Zuykevipwuévo AidAuua Kakac et al. 1987 (yia ypappikn por) o€ opBoywviki Siatopry)

(Concentrated Solution)

W,
N channel Rec 5383

2'Lﬁn_Rec
k
2 11

ORec CS = 8-235-(1 ~ 20421 + 3.0853- X% — 2.4765-X> + 1.0578. X - 0_1861_>\5)_ wa

- Dh_Rec

. 3 W
ORec_C = “Rec_CS ORec o= Mx 10"——
m K
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