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Optimum Header Design for the Uniform Distribution of Two Phase
Flow in the Evaporator
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Abstract

Several types of different header designs are numerically studied to have uniform distribution of two
phase flow in the evaporator header having multi-channels. The different geometries include the inlet
tube position into the header and the width of header. In the numerical calculation, two types of
two-phase model such as homogeneous model and VOF(Volume Of Fluid) model are employed. In
this study, the mal-distribution number, M4, is newly defined to evaluate the averaged level of the
flow distribution in the whole passes of the evaporator. As results, two phase flow in the header can
be visualized using post-processing of numerical results. Furthermore, the optimum position of the inlet
tube into the header and the width of header can be proposed for the better distribution of
refrigerant(R-134a) flow.
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Table 1 physical properties and conditions

inlet pressure 0.9 kgflcm® (0.08436 MPa)
mass flow rate 3.5 kg/h (9.722x10-4 kg/s)
inlet quality 0.2

liquid density 1.3859x10° kg/m’

vapor density 4.42556 kg/m’

liquid viscosity | 4.304x10* Ns/m’

vapor viscosity | 9.62x10°° Ns/m’

&g zZtetan A 2dz 24 4% 29

gt 2dolt® FASE =l o

P ASSAYR FEFERAL 4 (1), % B
BPge) oM =29

o o o
N
Q_}l_,
)
He)

v - () =0 (1)

@

dxet £5& 25 Z} 459 E3H(mixture)
240 AAd A )2 7TEd Ug JF
BEE UEdE, 4 (= 2F Add S=8

SENLS

Pm = Q0 + APy (3)

’l:= Q1P : APV, @)

o) 43 Zo] FARTFT EHAME 24 HFol
TH 24 HRE @Y FEoE EAdD 7
A#F 24 A& A 4T AAzALE &= o

A zxez dAsYY. FHARE 2dL I
9] £%H|(slip ratio)7} 10128 2] (5 T&f ¢
T¢  71FE(void fraction)o] 0.9874%UL & F
Ar® 28m 45 S5 47 FHFoER
g 629516 m/sZ AAt®E

YUy z PAl—a

w - T-zp & ! ©)

d7e EFE AYY EE FAe LY

ARG - 2GF - oY

st Ade] Hozm £%7) ol B E
vlngo) glvks 24L& AN uixgoez
7= AdAA 124 ol ZA s B
Foll s L2937 Qe GAdE 2dg F
Ak

2.3.2 VOF 2 (volume of fluid model)

24 FEe FART Ed9 AR AY 2
Azke) A A (interface) WA A3 FHLo] = &2
oltt. aHEZ gztel AAE TR ¥ Bt
At olE Y3 E dFoM= VOF REdE F
4319tk VOF 29¢] Aujgae tes z
o}

2% 4 Vo, =0 6

+‘L (Cl_)J‘*‘ 017 )+1

A (6)2 FHul&o) dig HAHo)x, A (1)
5% Aol VOF 222 Z+ A7k B9
¥ (surface tension)o] )& F3e} vl R
g(wall adhesion)& 1HE + Y= Zdolt}. &
AZHLE f3A ERE 79 23 (attractive
force) 0.2 Q3] M7= FAdl, 7 Alinterface)e]
HE ZolHA AFo]A|(free energy)E 43}
st WEez ZAgsA Holglth VOF 2de
EHGEo| i3t ZHY o] CSF(Continuum Surface
Force) B 5o} Qlu,” gagzdd o9 2%
ZF A3E 4 (79l Fdorce)®d, & djdog F7}
sde WAL FHezm gd. BaF=Hol A4
(interface)o] whalA LRSItz oA, zh Az
o] ¢+Est= A (8)3 Zo]l Young-Laplace A
2oz B¥E F ok

b= = o( 5+ 7 ®

71, py, e MY gEoln, B, RE F
Aol B Fgolo



FL7] W o)dGEe ¢ BulE A s A HH3 783

n=vVvaq ¢)]

k=V -n (10)

n =m (11)

714, n< interface?] FAHSFola, o] X
) 8] &(volume fraction)9] T¥ll(gradient)ZH-& 7|
Abso} A4 (9) 1E 1 kE TEE BH53
(unit normal) n9 HL"}(dlvergence)"ﬁc]foE xdd
o IER BEFHLE < et A
4= FE(ump)2E i{?ﬂ% F 1, o F&
wAbo] Z(divergence theorem)Q ZHE 2] (12)9}
Zo] XFY & Utk o] P& FId & o]
22 5% ALY AA(source) Fo2 FI}
o] EHAHd g nejst 7Hsd Aol

PV

ol 1
2 (p'u+ pl)

Fy= (12)

aga EAFEe JFE Hod F us]
AsiAe B AFANAM A& AH A A (structured
grid)7t ¥4 @ A A (unstructured  grid) 2.} A& x
7} £5® VOF 2o A Ax(cel)HolA 9] 7]
FTES 429 34 A9, a=0, a=1, 0 < a <
1, 2 RBY3te] iAol Ao I A(celt)holl
A7ZAZ E2AdGn F3td B A4 =
o 2 dFdas 23 WEoez AN
H(geometric reconstruction scheme)S AREEG
4?2 (6), (NIME & & YRol, VOF 29
2 v AdH A& Aggezr zy|zAT
BAZDE 2F HasiA vk 2U|zdo=2E
Zyagel z7] 47rel 73 Al(interface)E YER=H),
2 dTdAye ugr] o d4oez 75 A
Ve AT, F a=0% A9E 2727022 F

O,

stk ARE L 000122 ASAT AA
173_% dAFE 229 A FAEAR, &

l%

F& vhe} Zo] A7 oA HEFPA
(ﬂow reglme)ol ‘é%%(stratiﬁed flow)o]| 22 o|=
a#str] 8 ATE Fig. 29 #ol EF #F
BHE &3t A3 aln 7 d7E

o] Arzle 7138 HlaEstd A4 o 7144 ¥
£ 1928 AFYY. gz 8d BRI (wal
adhesion)ol] th3lA= 7 Z Zh(contact angle) & E 1L
343}"”“4“0) ol ¥WE& T 3 o] W

S W 4FE Yehisd, 3E57AE 0,008 &

oW, Zde) w9l 44 WHE 4 133 2ol
Eddd.
n = ncos, +1t,sinf, (13)

2.3.3 T8 Z7(convergence criteria)

dugr] e d3e ¥3E VOFRE9 H|A
A Aatd g £EE 244 AxE Ao
Fig. 32 VOFE 49 3717 Y7o g dun
7] f AdRHe] W Folg el 27
zRoz A vtz AAsA7] Wi, 2%

fr5ol FU=EAX Ao HFo] 27| FH 3

Inlet 1
(Vapor phase)
- 9:1
(by void fraction)
Inlet2 ‘
(Liquid phase)

Fig. 2 Inlet flow condition for VOF model

Volume of liquid [mVunit length]

I L
Calculation Time {sec)

Fig. 3 Trend of volume of liquid phase



784 HAE - oBE - AT -

Zadte =TS ZA 9 4 UHF
o] A du#r] ¥ 0.1% W ¥HE Y
e 23 AFEL dsiA Ade 3

2.4 24 QX

w7 W B Euld JFL nixE AA
2e #9 A3, 47 B9 A, oy Z74
o] a2lx ¥ol 5 "% oIdstu:, ME B3
Fe vz gtk B dpdAs AFAAS &
o & WA s A4 Aigd 4 2R
W AL A $(case) S-S Table 20 A&t ¢
T#o] A= Fig. 49 ol dExo] JELR
37kA 492 UFda, dde £ Fig 59 #
o] 7|&29 Z Zo|(W)o n]5o] FH& FL 27HR
9 2 dd 17IAE F A2 Yrd. 73
5 249 Ase F /A ARl diF] F53
ol g2 By] i 1271x]2 RE A$Y
& ALg 33

3.1 H| £} $=(Maldistribution number)

Z Ad ol PEuidEE FFAF EXY:x
(non-uniformity)E YElll= AF2ZH vjEus
(maldistribution number, M)E 2! (14)} Zo] A
934} of e g8 7Y Euid we 2
FHFo] ozt Nl sjze 48 F=E Ye
ditt, &, o] gtol ool e FE 7Y Euld
Maan & 5 AU

¢2%¢mJ2
N
M= . (14)

m avg

A7} A,

i:idA A

M oy FLAFRZE (m,, = 2.432E — 4kg/5)
N: & A8 F

294 - ol 34

Table 2 Cases of parameters for each model

Homogeneous
VOF model
flow model

1/4H 1/4H
Inlet position 2/4H 2/4H
3/4H 3/4H

0.5W -
Width of 0.75W -

header L.oW -
1.5W -

H = 35.7mm, W = 12mm (reference length)
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