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Engineering

Graduate School/, Korea Maritime University

Abstract

Experimental and numerical studies are carried out to find the heat
transfer phenomena of heat exchangers of the exhaust waste gas in
GHP (Gas engine driven Heat Pump) system.

An experimental apparatus consists of the plate-shell heat
exchanger (HX2), gas heating unit and cooling water circu/ating unit.
The HX2 has three plates with a corrugated trapezoid shape of a
chevron angle of 30°. Hot gas flowing in one upward channel
releases heat to cooling water in the other channel. The effects of
exhaust gas flow rate, gas temperature and cooling water flow rate
on the heat transfer coefficient are measured.

The result shows that the heat transfer coefficient of gas channel in
HX?2 is increased gradually with the increase of gas flow rate and
gas temperature, and the pressure drop i1s also increased significantly.
The proper design values of HX2 in GHP system, therefore, are

suggested and the correlation equation for the heat transfer



coefficient of gas channel is provided within the experimental region.

The numerical predictions of heat transfer characteristics for the
plate-shell heat exchanger (HX2) and the shell-tube heat
exchanger(HX1) are performed by FLUENT 50 software.
Temperature distribution, flow pattern, and pressure drop in HXZ2 are
obtained using approximately 150,000 mesh points. The results are
compared with experimental data and applied in 20HP GHP system.
And only the numerical analysis of the shell-tube heat exchanger
(HX1) attached in gas engine cylinder manifold is carried out to see
the trends of exhaust gas temperature difference, temperature

distribution, and pressure drop by heat exchanger configuration.
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Table. 1 Configuration of the plate-shell heat exchanger
Table. 2 The design and experimental values of plate—shell

heat exchanger

Table. 3 The boundary conditions for fluent
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Fig. 6 Schematic diagram of an experimental rig

Table. 1 Configuration of the plate-shell heat exchanger

Plate material SUS-316L
Shell material Steel
Plate thickness [m] 0.0007
Number of plate 3
Surface per plate [m'] 0.073
Chevron angle 30°
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Fig. 9 Photograph of insulated plate-shell heat exchanger

Fig. 10 Photograph of cooling water supply system
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Fig. 11 Photograph of gas heater

Fig. 12 Photograph of slidacs
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Table. 2 The design and experimental values of plate-shell

heat exchanger

Design value of Experimental
Ttems 20HP GHP region
Gas flow rate
per channel( /min) 95 16~111
Gas temperature (C) 450 350~450
Cooling water 275 1.95~45
flow rate ( /min) : . :
Cooling water .
temperature (C) 65 45~85
500
A0GEINT A o e 4 .| —m—Gasinlet
—@— Gas outlet
480 | AN Cooling water inlet
470t | —w—Cooling water outlet
O 460 - -m— |
o
S 450 =
©
[}
= R .
o 4
= v
L e S R S
[ At S S— 4
65 oo e e e —a
60 T T T T T T T T
2 3 4 5 6 7 8 9 10

Cooling water flow rate (I/min)

Fig. 13 Temperature variation with cooling water flow rate at the

discharge gas flow rate of 55 /min
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150 | /-/I’
120 | /

90

60 | ‘ ;
L ‘ ; m Gas inlettemp=450 °C
30 b e g e .| ® Gasinlettemp=400 °C

L ‘ ; Gas inlet temp=350 °C
0 1 1 I I I I I
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Overall heat transfer cofficient (W/mZK)

Gas flow rate (I/min)

Fig. 14 Owverall heat transfer coefficient with hot gas flow rate

240

| Cooling water flow late= 5.5 l/min
200 LCooling water inlet temp= 65 °C

160 |

120 o

80 |

m  Gas inlettemp=450 °C
40 [t A R | ® Gasinlettemp=400 °C
L ‘ ‘ Gas inlettemp=350 °C

0 I I i 1 i 1 i
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Gas flow rate (I/min)

Heat transfer coefficient of gas channel (W/mzK)

Fig. 15 Heat transfer coefficient of gas channe/ with hot gas flow

rate
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240

Gas flow rate= 157.5 I/min
210 ~-Cooling water inlet temp= 65 °C N

o J MRS, -

60 | N

m  Gas inlet temp=450 °C
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Gas inlet temp=350 °C
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N
o
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Cooling water flow rate (I/min)

Fig. 16 Overall heat transfer coefficient with cooling water flow rate
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Cooling water flow rate (I/min)

Fig. 17 Heat transfer coefficient of gas channel/ with cooling water

flow rate
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a ® Experimental data
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Fig. 20 Nu number vs. Re number of gas channel
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Fig. 21 Nu number vs. Re number of cooling water channel

- 27 -



Pressure drop (mmH_O)
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Fig. 22 Pressure drop in hot gas flow channel
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Fig. 24 An overall grid of the plate-shell heat exchanger
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Fig. 25 The 2D temperature zone of the plate-shell heat exchanger
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Fig. 26 The 3D temperature zone of the plate-shell heat exchanger
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Fig. 27 The 3D temperature zone of the plate-shell heat exchanger

cooling water
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Fig. 28 An overall grid of the shell-tube heat exchanger
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Fig. 29 An analysis grid of the shell-tube heat exchanger exhaust

gas
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Fig. 30 The 3D flow zone of the

exhaust gas
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Fig. 31 The 2D flow zone of the shel/l-tube heat exchanger
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Fig. 32 The 3D flow zone of the shell-tube heat exchanger cooling

water
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Fig. 33 The 2D temperature zone of the shell-tube heat exchanger
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Fig. 34 The 3D temperature zone of the shell-tube heat exchanger

exhaust gas
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Fig. 35 The 3D temperature zone of the shell-tube heat exchanger
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= 238 { #3238 {CH*+9.53 { CH)+..~4T6 { 0,) [m'/m'] (6)

2. Axzbro] WAFIH 24

oL

lkge A=57F A4 v BAsI= dAa7t=9 FAL7E: AHS
Cpliel ke, FALTVE AAE o[ W' ylad® EANTT g2 A4

Zhzol A F7lE A 2 A

S
N
BN
o
[
~
[
N,
o
AN
rlr
o
BN
2
F>

7t AAE ek w3 o2 EPuAA Axdge Wl oewd
arts A7, olEgFdaste A G Vi Guo Vo™ EASA
o}

Guw =1+ 4y =1+1148 o0 + 342 [ke/kg] (7)

Gy =1+ A4=1+ a4,

=1 + a[11.48 » + 34.2 4 [kg/kg] ()
1Az A w1 dHE dae] vies vy = stal, A Te AS
il
Gl + A%,

=1 + (238 { 7,3 238 { CA+953 { )+ 476 { 0}V ¥, lkg/kgl (9)
Gp=1+ Ax, =1+ a4,/ ¥,
=1+a[2.38 { #,}+2.38 { COy+953 { ¢,y +.~4T6 { 0V ¥, [kg/kg] (10)
AAx7t=AdgF oo eddRt=AT ¢ £ A 99 A 109
Gt Go A FEN BAF o B.MA+ )E WM HER
Go = G — (8.944+ ) 8.94%— w
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=1+ 1148 ¢ + 253 4 - w lkg/kg] (11)
G, = Gy~ (8.94%+ w)

= 1 -8944—w + a[11.48¢+34.2] lkg/kgl]

T AR E dakstes BN &L 5 g oA Ao
_ (CO)
o= (CO+ (COy) (13

AN co % coe AARINE F codt co,d AR & [m/m]

C /4 G %F & Table 30
HolF= vek 2ol o, o7 BAEEG. o] W =ddALTE A7
g 9 el gt HAR co%t co,fl TS WEkA Gt
0.210(a — 1) 4,9 AFAE AR EHA @3 dol YA Bebd A 9
stAX  cot 2 W ool 1/2 AA L] AbaTh webA dAEn. A

5okl @] wtel ds ol pf] 7hs EE A ] T A

s

FAFe] darrzel TgEG. E AR o9 FUAAZTAHAALE

Table. 49 F A 3%},
AR lkgd BAS= FAL7FEA A pais Table 40 234 2 A
T 7hae] Folr®, 4 45 o] &8,
Vi (0 —0.210) 4o+ (1.8740.939) ¢+ 11.124+0.81n+1.24 2
[ 7 ] #2]
= (a—0.210)[8.89¢+26.54] +(1.87+0.93%)¢
+11.214+0.80n+ 1.24w [ #° ] 4]
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AzAxA2AA = 5578 AAS 7 JB Az Folm

=

’

V7 (a—0.210)[8.89¢c+ 26.54] + (1.87+0.93) ¢+ 0.80n [ #7° 5/ #e]
(15)
3. A&7tz AF AL

2]
o
I
rlr
2
B>
N
[>

o AAS Tt HAsAe dd czol TFE

-
oX,
(o
[
Lo
iy
ot
M
o

Z ¢, h s 0 n<,

c= 41% =0.75 [kg/kg]

é=TA€ — 0.95 [kg/kg]

=/

Ao ARFEed A 29k 40 oA Ad57F disksd HAd ol

2
B>
ot
S
o

ol 2T 4,5 T
0, = 1.87c + 556h + 0.70(s-0)
= 1.87x0.75 + 556%0.25 = 2793 [ 4,/ 4e]
A, = 0,/0.210
= 2.793/0.210 = 13.297 [ m%/é‘g]
Ax7tz=e] AA & 99 Table. 40 °]sto] kA4 g}
v o=
0.21(a—=1) Ay +0.9385+1.87(1 =) +11.124+1.2420+ 0.792 A, +0.8n
oI7]1 A, a (F714]) = 1.05
U (YAks ek @A) = 0

24) =0

—~

n
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e, g,
V, = 0.21(a—1) Ay+1.87c+11.124+0.79a A,

0.21%(1.05—1)%13.297 + 1.87%0.75+ 11.12%0.25+ 0.79%1.05%13.297
= 1535 [ @ yl kel
GHP 7l=dlde] w7]7bs du@7r)o Fg8s S5t 400C 4%

Dy = 08032 fof ' VOB AR 1,9 BAHE ARTFAA A2

V, = 15.35%0.8032 = 12.329[ 7 v/ "]
ola, A8 FUFel AT 5470/ olBE, TAHE HAA Ax7t=A
(V)&
V= v, * 5w’ lh=6165[ 4" /5 7t At
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Table. 1 A complete combustion table of structural elements in the

natural gas

FeaY | BLITNY | ANEY
B8 EN £
S dHA L
7 2} N L= -1 m*/v/ m /v/ m*/v/
500 - | e " kg/kg kg/kg kg/kg
<} 5 ° MJ/kg M_I/kg ke ke ke
25 C+ 0
C [12.01 32.76| 32.76| 2.66| 1.87]11.48| 889| 3.66 | 1.87
< S
a = CO2
T H+1/40
H | 1.01 141.8 | 120.0 | 794 | 556|34.21 (2648 | 8.94 | 11.12
= = 12 BO
;é]
R N [14.01|N=1/2N2 0 0 0 0 0 0 1.00 | 0.80
Table. 2 The composition of standard dry air
AEd R AL |2 g e o2& TFa
AHFEE % 23.20 75.47 0.046 1.28 0.001
A EE, % 20.99 78.03 0.030 0.933 0.01
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Table. 3 A complete combustion table of methane gas

GTE | o [GJERAE] € 49X | Lwaw|gude
NP | BAF| A2AA | AzAH
AZzuks Oy Ay Vo Va 2 a4
m’ /V/ m‘/\/ MJ/ m;/\/
2.0 9.524 10.53 8.524 39.72 35.79
CO+ 21,0

Table. 4 An occurrence volume of the combustion gas component

o
; 12} 2) A lkgd TAF [ A,]
o) At
se| co, %%ﬁfdl—9=1ﬁ7dl—9
A .
o 2
5} 2241 7 _
} co 15701 &=1.87c%
o
Z[:
5 J—
70] 7,0 Mz.oz %Mm.oz w=11.24+1.24w
7é]
N 0.7900 4, + 241 — 0.7900 4, +0.80n
2 2802
/1\_]:
(02}
& 0.210(0—1)A0+% : Mm o ©=0.210( 1) 4, +0.93¢%
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