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Abstract : This is a follow-up study of the paper entitled “A Study on Thermal Performance Comparison

according to Chevron Angles of Plate Heat Exchanger.” The subjected plate heat exchanger has a porthole

diameter of 150 mm and has been widely used in many industries such as general plants, petrochemical,

marine and power plants. In the previous study, three different chevron plates with 30°, 45° and 60° had

been experimentally tested to find out their thermal performance characteristics. Based on the experimental

data obtained in the previous study, the correlations were developed for predicting Nusselt number and

friction factor in the plate heat exchanger in this study, and the developed correlations were compared

with experimental data to verify their accuracy. As a result of the comparison, it was found that the

correlations for Nusselt number have an accuracy of +3%, and an accuracy of £2% for friction factor with

the experimental data within experimental ranges. In addition, the developed correlations in this study were

compared with those of other previous studies, and the comparison results are also presented.
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Fig. 1 Basic structure of plate heat exchanger
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Fig. 2 Heat plate information
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Fig. 3 Test facility schematic diagram

Table 1 Specifications of heat exchangers

Specifications Value
Plate material SUS304
Plate depth 2.9 mm
Plate thickness 0.5 mm
60° (High ©)
(Ceh)evron angle 30° (Low ©)
45° (Mixed ©, High+Low)
Number of plates 51 pcs
H type (High © only)
Test product M type (High © + Low ©)
L type (Low O only)

Table 2 Test conditions

Test conditions Value
Reynolds number 1000 ~ 3500
Hot water inlet temp. 35 + 03T
Cold water inlet temp. 25 + 03T
Flow rate < £2.0%
Steady state conditions Inlet temp. < +0.3C
Inlet pressure < +£2.0%
Data recording every 3 sec. for 15 min.
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Table 3 Correlational coefficients and Re exponents

Nusselt number Friction factor
S}
C m b z
60°(H) 0.30 0.657 1.17 0.068
45°(M) 0.25 0.662 0.72 0.106
30°(L) 0.19 0.629 1.19 0.290
1000 < Re < 3500

__9000 ‘ ‘
é - 6=60° U,
58000 | | © 0=60°U,,
| | = e=a5°uy,
© -a 6=30°U,
6000 | el
& A 8=30°U,, _’j._ﬂ
(3] -
2 5000 -]
2 {r
a D—
H /(T [ e
£ 4000 L A
ST e
2 3000 A-DB =
gzooo u"A
1000
500 1000 1500 2000 2500 3000 3500 4000

Reynolds number
Fig. 4 Comparison between experimental data(Uey,)

and correlations(Uca)

12 \ \ \ \ \
8- 0=60°f,, O 8=60° Ty, - 0=45°f,,
1.0 O 8=45°fy, —A- 0=30°fy, A 8=30°f,,
0.8
O O—O0—0—0—0—

=

Friction factor,
o
o

0.4
C-Oh-O-- O - --D-- -
0.2
DDA AL A 4 %AA
0.0
500 1000 1500 2000 2500 3000 3500

Reynolds number
Fig. 5 Comparison between experimental data(fey,)

and correlations(f.a)

uigto g dwdy] A AH 8 5 3
£ Nude} npEA S gdaE Fekded, 4 (9)
o} (14)01]*1«1 ABAF C, b 2B I Re AF9
Z=(O)EE Table 39 B34
Aol B 9 Hlustke
A8k, Fig. 49k 50 &4 23}

Fig. 4= A@oA 3 FZ2ILHALAST2 Nu

82 SHAIAHZEIY X M253 A1z, 20214 2¥

G oABAL ol gste] ANG FRIAUDASE
I ACE, ALE Nuf ABAL AP
el 57 £

3% ol A AduolHE & oS3t
Fig. 59| &A= AHAE HBE 4% 60°2
_]
9 & A gRlEant
ole} A B AFA AEA A" FAHE
Wilson Plot 2 38 w37 |AH F /A 3t
=

Agdro] FUYFAA AW LE=Ho| of

Fis

=+ AF 48 F e A= =2 AL
ds AT F AAgTH
4.2 7|& AFZeto| HIWEN

2 ARANE V& 7A=Y #3 dudr]
@A vlwste O BEAS Ad Rt

Okada 5'0& S 3 ABE

16)3 2o Ak
3k,
0.157Pr*™*Re%% 9 =30
0.249Pr" Re06 0 =45
Nu =
Y7 0.327Pr " R g =60 (16)
0.478Pr" ' Re* 0 =T5

700 < Re < 25,000

Focke 5% #BE Ztzo| & NuF A&4

<= A (73 2ol A8

0:60, Nu=1.12 Re"*Pr'/2 600 < Re < 16000

0 : 45, Nu = 0.405 Re""Pr'/2,300 < Re < 2000
=0.84 Re"SPr'/2 | 2000 < Re < 20000

0 : 30, Nu = 0.44 R Pr'/2, 1000 < Re < 42000
(17)

7)o HEA T dFE vA=
A E}L}E A4l & (enlargement factor)©] AT}
22 dFAEe] ol g TS NuF G2
o TFIAAN A FFHom, Muley®t Manglik"=
ZAEo] A ATARA A (18)el AXE(D)=



i

A
il

o} AAE&E fE WA (effective area)=
(projected area) 0.2 UF o2, I3 <&
719l AEdeAe FE2 FEHE FHo 7] o
o= 120 A,

Muley 2} Manglik®] #2412 FEH= Re =
1000, 30°< 9 <60°, 1< ¢ <1.50]t}.

eI T L

2 o of nok
fr o 3 W

Nu= C;(0)C,(8) Be" O Pr'P (u/p, )
G, = (0.2668 - 6.967 x 1079 +7.244 x 10~%?)
C; = (20.78 —50.94¢ +41.164* — 10.51¢°)

pl=1[0.728+0.0543sin {(70/45)+3.7}]  (18)
Fig. 6= 2 A@dZ27e} 7|E A3 dusr] o
ToA ALE NuF FHas vlug d34& v
BRI Stk OfdA & F ARl BE AT
Al ABE A5V M E NuFvE MRS
& & Aot ol HAEE 45Tt ALFE AEE

o] 359 A=t 78] W&ot
71E2] AAAE F Okada 59 A B
AE 7347} FojH o2 7}% é YA 5tH o

R A‘E%s—a Table 401] A3t
olﬂw ol & MAA = 7P & ddoezE
@?oﬂﬁ ALEENE AE T 71*8% 3

o(l
2

3 ““-‘4’ SAFo] 9 7431(1))

I8 fFARE 9 ol Ak
Okada & Addae] Al

Muley9} Manglik®] = 1.

oA AMgE AETe] AAEL 1.25°Hh

H|3l| Focke 5] AH&3H o] AAE&L 1.464

2 04 I dalge] abge AL

Zolby7t Atk AL v, o=

28508 ARY F dde A ondn. o

2
>~
>
% cb
o on o

S g7 pr A%l Aol 1 HAF EAF
5 ogF Aol WAAAEY YY IFS

2 Aoz Azdh

Ofon

500

Experimental Data ($=1.25)
450 O 8=60°/60° 0=60°
400 0O 6=30°/60° (45° avg.)
A 6=30°/30°

350 —— Okada et al. 8=30°
300 | ——- Fockeetal. - /

s --—- Muley and Manglik

3250

200
150
100
50
0

500 1000 1500 2000 2500 3000 3500 4000 4500
Reynolds number

Fig. 6 Variation of Nusselt number with Reynolds

number and chevron angle ©

Table 4 Nusselt number comparison

60° 45° 30°
Okada et al. 14.1% -4.0% 16.8%
Focke et al. 218% | 184.6% | 234.8%
Muley & Manglik | -16.7% | -25.3% 0.3%
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Fig. 7 Geometrical features of plate corrugations
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Table 5 Friction factor comparison

60° 45° 30°
Focke et al. 97.7% 16.6% -6.0%
Muley & Manglik | -33.0% 7.0% 88.8%
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