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Investigation of Flow and Heat Transfer Characteristics of Plate Heat Exchanger
Taking into Account Entrance Effects and Variation in Corrugation Height
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Abstract: Numerical analysis has been carried out to investigate the heat transfer characteristics of a plate
heat exchanger. The multi-cell models with inlet part and outlet part are used for performing numerical
simulation. The plate heat exchanger is characterized by chevron angle of 15° corrugation pitch of 24mm
and corrugation height 6 ~12mm. The length of the inlet-part considered in the analysis ranges from 24.8 to
124mm and Reynolds numbers range from 1,000 to 10,000. The correlations such as friction factor and
Colburn factor are compared with previous experimental data. The results can be utilized for designing the
plate heat exchanger.
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Fig. 2 Computational domain for multi-cell
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Table 1 Dimensions of multi cell(Unit; mm)

Symbol P L
24 99.4

Lcell
24.8

chll
92.7

Dimension

Table 2 Main geometrical quantities of unitary cell

Quantity Symbol Expression
Internal volume \Y P%H/sind
Lateral surface Ag Pl,/(cosacosf/2)
Hydraulic diameter | D 4V/A,

Flow cross-section |A. 0, |PHtan(6/2)/cosa
X
L
Z v
> Unitar i
P cell
a
> L .
LceII
y‘ Y Y
X
L

Fig. 3 Two dimensional shape of multi cell
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Table 3 Corrugation height and hydraulic diameter

P/H H] 2.0 3.0 4.0

H[mm] 12 8 6

D), [mm] 10.5

DO ( Ly =
et <Lin<bL,.p= AR, &
dol= 150, =372mm= Ak 1
£330l H=6,8, 12mme A F7F= 4
At weEbd FEIAA/FEECIH, F P/H
= 2, 3, 47} doh Z+zke] p/HH|

S Table 33 2t}

N
M
o
fu
b‘

o

Z

(6)

Table 4 Inlet velocity with Reynolds number for
three P/H ratios(Unit; m/s)

Re/10° | 1 2 4 6 8 10
2 1101 202| 4.04| 606 8.08 10.1
P/H| 3 |127|255| 508 7.62| 102| 127
4 | 158 [3.15| 632 948 126 158
—o g = it 2 (7)
He = Pou= Pr,
Go= 215,85, 8, =24, 2 8
kT 4Hy g0 ij 9 al'] axl ()
2
p W
= —- =4 —
E=h PR )
G =144, Gy, =192, C,=0.09 (10)
o, =10, 0,=1.3, Pr,=0.85 (11)
32 BA=EA
AT+ A4S Fexnds, 7de 7=
(outflow) AAZAS FoAsqltt. 18i 4% =
H(z=0mm, z=92.7mm)°l talA= WA Z1E 4
g3t 29 M= ReynoldsTE 7|+l =
1,000 < Re < 10,000°]", Z}z}e] p/HY]o| djgh

UL == Table 494 ).

2L AAFRALE Ve BdHe vuE 9let]
JTe FUIeEE 7, =45C(GI8K)E, HEHL
e T, =27C3 OOK)A e Aes } At 18
I 7]E Bee RBae el E40 A
ol stay | FE S (z=0mm, z=92.7mm)°l|
e ddEzAS FoIssith

vl el 7]1Ee] B3 E IS AFESE
of ddg SAS unFsRTh 2 A9 FX )
Mol AbgE 3719 EA4AE d7Is, 36CE 7]
Fow WLl 5=1.143kg/m?, SHEES k=
0.0268 W/mK, AU DL ¢, =1005J/kgk,

AAGFE 1 =1.802x10 °Pa » 5, LI

I~ -

T+ Pr=0.71°]th

Prandtl

[e5
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Table 5 Number of cells for model of three P/H
ratios with length of inlet-part, 5L,

P/H ratios 2.0 3.0 4.0

no. of cells | 557,480 377,346 291,321

AFGuBs Y FF L GAY 54 969

<10 * (16)

=
o|=5L,,, P/H=3, Re=2,000(U;, =2.55m/s)%

& dFddeAsTe s JEd sejth
AeE oA A g AT H
°F 4.2%9] AolE Holi itk wEbr B =&
N E YA oel=5L,,, P/H=3, AF=377346
Ao AMEE ATV FUS @S VFeE B

E Al g FX&§4s S5tk BFdA
HEEZS 93 Huigde nde HugEz
a=15°, P/HH] = 2.0, Re=2,000(°] 7d-5-°| 475
—

=2.02m/s)°] t}.

npZddat fi= A (145 ©o]&3ted, Colburn 7
T i A (15F ol&ste] At F Adnk A
15l B FAS5 he A 1D 2 18)=
HFE 8 7 o o9 Ao dddte] uig 4
AGE ¢ FA& A28 E 48 5 Uk

Table 6 Comparison of heat transfer coefficients
according to the number of cells in case
of L;, =5L,,;, P/H=3 and Re=2000

no. of cells | 377,346 495,808 598,460

W W/mK] | 734 75.4 76.6

Fig. 4 Numerical grid system for the model of
P/H=3 and L,, =5L

cell
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Table 7 Comparison of f and j between numerical
predictions and previous results for o =
15° and Re=2000

Predictions Ref. [1] Ref. [4]
P/H 2 2.2 2
f 9.4 7 6
j 0.027 0.034 0.028
q= hAsA frlm (17)
q: T.ncp(]:mt - T;In) (18)
AN AT, & zag@Femdolu 2 (19)%
o] wAHEL. agdw 7,& ATLE, T,
FTLEE ouaH, T,,& w4 dAdw
+E5E YE
T' 7T - T'aijjin
AE’]L: ( wall ()ut) ( wall 3 ))] (19)
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Fig. 5 X-velocity distributions along the y-direction
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Fig. 7 Heat transfer coefficients for three P/H ratio
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Fig. 9 Colburn j factor with Reynolds number in
case of L;, =5L,,; and a=15°
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j=C e+ Re"
(1,000 < Re < 10,000, Pr=0.71, a = 15°,
2< P/H<4)

2

o] 7] A
C'=0.3603+0.3142(P/H)— 0.0614(P/ H)*
m=—0.3047— 0.0863(P/ H) +0.0105(P/ H)?

=
of JFFet E57F FaE 2l
AOPASH( Ly ~ 5Le)°l
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A S TS ATE ABEZL a=15°, TET
P= 24mm, Y754l L, =5L..,2 F3E&
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