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Thermodynamic Modeling of Finned Tube Evaporator for Dehumidification
and Air Conditioning
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ABSTRACT: A crossflow finned tube evaporator has been investigated using tube-by-tube
method. The refrigerant flows inside tubes while the air passes outside the finned tube. R134a
for a refrigerant and wet air were used in this analysis. Three refrigerant circuitries, complex
or simple, were compared. The effects of refrigerant circuitry and airside condensation on
thermal performance such as heat transfer rate, enthalpy of refrigerant, temperature of refri-
gerant and air, pressure of refrigerant and average condensate layer thickness were investi~
gated. It was found that this method could be applied to the analysis of finned tube evapora-
tor for dehumidification and air conditioning.

Key words: Tube-by-tube method(#%%), Thermal performance($d 4% ), Evaporator(Z%7]),
Refrigerant circuitry(\3 v} 2] 2), Dehumidification(#| %)
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Table 1 Thermal resistances and heat transfer correlations suggested by Domanski®”

Thermal

No.|Symbol . Correlation equation Remark
resistance
ingl W
#,=0.023 Re®® Pr(k,/D))
Annular flow
hy=Fih+ F gl B poa
where h;=0.023 Re®® Pr®(%,/D,)
h pool =55 FpU.lZ (____ log Fp)—0.55M—0.5q0.67
1| R, | L= | Fi=F,[1+24000 Bo*+1.37X %] Refrigerant
i R, A; side resistance
Fio= Fr20-2FH i pr2<.05
1 otherwise
F pon=F poaro[14+1.15x10 7% F2 Re'" 17!
F pa0=Fr if Fr?<0.05
1 otherwise
Mist flow
hr = (l _x)h r,annular+ (x_085)h 7, single
1 Wall
2| R, 7 A ho="rylt, conduction
resistance
ho =5.678 exp (6.902 +2.889F) Contact
3 R, 1 ' 0.5 resistance
ho Ao where F = (—l—%vi) (t,N)'® between wall
9 and fin
Dry_tube
A
ho=h,, 1—#(1—7;)]
tot
Wet tube
_l_ =1 41
a h a, cond h af
P m 1/3
A R ] where kg, cona=ky/6 with §=1. 082(—*-';—me) Air side
¢ ha A o “ resistance

ha.szcmdha.o 1_—&(1_77)]

_ 7 (¢a
chd—[1+ Cpa(T T)
For both drv and wet tube

0.14G Coa s —0.502 s 0.0312
Bao= Pr273 ;zeo.az (s mw) (Df )

a

Bo : Boiling Number, Fr : Froude Number, M : Molecular Weight




1024 by gf - ol e $

dHA & o, A6l H(NE A&
Z749 Wo2xy dE9E 78 5 3l
o, ]S o] &sE g Wujdsx AL
At

2 (3)oit H4)ell r1&d AeddTE &
2ol Hodrh

I o

Ntu = UA 1 /C min €

AgeN5 Aol AHEE U, A= 3% %
FdAGAS, FAGAEHL Yeag $39A
g5t dA8BRL Pty YoM HE FL
& Az F9| stuoln FAAY R, e
3 e #AE A

Rmtzl/(UAtot) (9)

o AL The A3} Lol g A IAY
FERSETERCE

R=R,+tR+R,*+R,*+R, (10)

18R i, w,0E 4Z FUR, #d, #LgREE
vebdch $39 FEL 4z AR dFE
A%, AU e @ 9AA(fouling factor), #H Q)
A=qAE, A & Alole] HEIAY, FYHE
o dFEEAES Y o] BE AL F
wr)e] g% AFHA FFE A= AA
ot #LRY UFIEAGA =, F7 FY £
o] £%3td A7IE 5T Y43 A=FAYE
et 4z2te] A3 dig @AAL Table
1} e gl

Eugr)e] z4 #BEol HAH:(dry tube)dl AH
E A = AT, dHg FAHAA 2749
gt F7) Fo FRol $FHo] UG FEA
A= F8(wet tube)e]l 8 FE U, 34
AEde EEET ofyE Fde 3 dHEx
aejEojol 3t ol FE FFo] AL
UXE 9% A $E5H A4, gAGAs
o Wz F o= Q% WE & W & EF
glth o] F Table 1o Vel A &+ &
& e e Aoz Fant®

ui o

_ tanh(M7,0)
7= Mr,0

2ha cond 05
krty )

(11

M= ( (12)

_ (T s
0-(70 1)[1+0.351n(n)] (13)

0.5
% =12t (%—0.3) (14)
A7 1, ke 27 Be] T, W) AP
FE AneH, 7, 7,2 27 B RN, A
A(flat fin)e] F7HHEE Yebdth y& T3
g el q B B Vi AW do B F
g Ane e Age we Jeed),
7t YEg agd y9 YE whEe] Folof %
F by s FNEEUS THY HLASE
A ARA AS Table 19 h,,, &89
BaoF cona®l ™.

% e o

on
Ho

22 st &M

Yol g AsE du@rle dsd 2 9%

& ulHE aglelw, BE FHo 3 UYAI
' BAstn vy $EF WE Q% AR
etz Wiyt BAREd ALE wR
o) oJ% ¢HFRsE b2 Zo) Fanning vHE
A% ¢ Fanning 2] & AH&-$Hc},
_ L 2G*
AP = f5-=5 (15)
F = 0.046 Re %% (16)
SEF W o8 ¢FRHE O AH Po
A}
dE _ _grdr a7)

dL dL

Wel7t ol 445U B0l e RE Pierre
BBNE Agete] AR, o] e AT 2
% W8 aRE shte 4oz EEE slolh



A4T2e U-8Y 3Wie 4% 249 1025

_ _L Ax\ 2
—(fDi s )va (18)

K 0.25
f—OM%(Re) (19)
K, = ’fgi" 20)

A" 715 F Re® #olEzzs, gv Y7
EE, v, e JTFASE x, oM ATE HAHE

Gehde dre Q7S &7 dEAE v
e},

23 sy

vuy HAe] ARE ofstd AAH duEY
o Heg A7 dsld #EEE HLIH
Lttﬂoﬂﬂb Zt #e] Hee MEHoez Pt
3, olEg FHA AFHoE A d g
9 *5'%—% griste wHe @ da@r)rt
2% ol4d A$ FrE dFes A HdAs
o Fig. 37 Zo] 999 &7 ¥5E 1E9Y
JF WE2 AT, Wvld dEME FLE
Axo) Bagd, &, d#e &7 ¥/ AB
T Wsg HAd

wd@ e 2geAY 9= FAE ¥
gz datde HET = ot BeEE F
239 Yo erst dugre Hdwd nie 9
Fe g 4 dde APl Utk EF WEprt @
2g7) WRAH AEsE dodAY g o
ol AH5o] dudrl R FEIE A=
AWtAEQ) - NiwH S HEL4E 5 glov TA¢H
& AHgad A3 AU H=AA HHT ¢
A},

i+l i1 _ o itl i+
Tl O Tia= T§+1,invO f+{,¢t

T, O Tiow=Thinm Q Ti'-ﬂge

it i-1
i

T!‘Z‘fl O T’,~,m1n= T 'Il.invO i+l gu

«th .
" row (i+D™ row

Fig. 3 Tube-by-tube method.
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Table 2 Design parameters

Parameter Data
quantity 1 slab
slab height 400 mm
length 400 mm
outer diameter 10 mm
tube tube thickness 0.4 mm
u tube pitch 25 mm
row pitch 20 mm
fin fin pitch 2.5 mm
! fin thickness 0.2 mm
flowrate 0.25 m*/s
air inlet temp. 271C
relative humidity 05
inlet quality 0.2
refrigerant outlet sat. temp. 10TC
oulet superheat 5C
Air flow,, Ailr flow,,

!

&-60-6 e
boo
(%)

—@-@@-@@-@@-@@-@@-@@-@@-@—P
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Circuit (a) Circuit (b) Circuit (c)

Fig. 4 Refrigerant circuitry.
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Table 3 Branch of each circuit

Table 4 Heat transfer rate

Circuit Branch Related tube number Enthalpy Mass Heat
(@ (al) 24—25—1 Refrigerant difference flowrate  transfer
(a2) 24>2%5-16 kg  kg/s) KW
(b) (b1) 33—48—32—-17—>1—16
=y T RI2 120 0.0224 2.7
© (2) 1732 R22 161 0.0224 36
(c3) 33—48 R134a 158 0.0191 3.0

o WEe WrulE Ri3da, B AL F, 99
AAe g2ngoz /M AG.

gede Judze 93 FRel B £ A
e FHE IR o £ dFeAE deig
29| 94%e zodtr] Y3ty Fig. 49 2L 37t
A WelBeE Yoz FAA sy AHE
v w39t Table 29 25 A4 dolge 74
g RE Y3 zd 5434 HEsut
Fig. 4& Fig. 19 Ueld 4@ & L 8%
E agoln, oz FAYE RES #H 4 &
FAE £ B UIE 9n|gid, S
W7t BetE U2 AR g, 37
FAHE W dg 4o R ddo, FU]
gt e FAMPE ddo Bo2 HF

Z7NEE B3 E B B F A
olo] dAY AAH FME Ztz HdEIy FdH
A T oge) dAEE Yvdte, FHAEE EH
gFe 23S gued £ Il AEF FY
A Fdsel $& WFPoE FEHE LB
7t s ot

Zrzre] Y32 A F(branch)E o] FolA %
ouy Table 3014 EE e} o) WnjzlZ (a)
E 270(al, a2), ¥l 2 (b)& 178(bl), ¥vl3 2
©)& 37Mcl, 2, c3)9 AFZ FAHO U

e X &

]

a'ggx
g g
= 4 a8
% 88
§a a 6 ¢+++++"+++
- B oLET
& a §t
@ ]
gi & (circult a)
oy + (clrcuit b)
©
£1 O (clrcuit ¢}
0

0 0.1 02 03 04 05
Air flowrate (m®/s)

Fig. 5 Heat transfer rate of evaporator.
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Fig. 6 Variation of refrigerant enthalpy.
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Fig. 8 Variation of refrigerant temperature.
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Fig. 9 Variation of refrigerant pressure.
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