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STUDY ON HEAT TRANSFER OF AN INTERCOOLER
FOR ME-GI ENGINE

Shin Ji, Kang

Department of Mechanical Design Engineering,

The Graduate School, Pukyong National University

Abstract

Due to the strengthening of the regulations of International Maritime Organization
(IMO), the importance of safety, security and environmental performance of the
shipping industry has emerged. Hence research on eco-friendly engines is increasing.
Marine Engine — Gas Injection (ME-GI) engine has been in the spotlight recently as
the next-generation engine that has high energy efficiency using both bunker C oil
and Liquefied Natural Gas (LNG) as fuels.

Shell and tube heat exchanger is used as an intercooler in the fuel supply system
for ME-GI engines. There has been many studies on heat exchangers, but
understanding their characteristics has been difficult, due to variety of design factors
and complexity of flow and heat transfer in shells. In recent years, design
improvement cases were increased by analyzing complex flows using Computational
Fluid Dynamics (CFD).

In this study, the design and analysis results of the intercooler were compared and
verified to improve the heat transfer performance in it. From this, suitable operating
conditions of cooling water and heat transfer characteristics for cooling water inlet
temperature and flow rate change were found out. Various geometrical factors, such
as baffle height, baffle number, baffle placement and baffle types are considered in
this study. An ideal optimal shape was proposed by considering the heat transfer

characteristics such as heat transfer rate, outlet temperature of tube and pressure drop.



The results shows the following:

(1). When the baffle height was changed - out of the five height factors, namely
198mm, 216mm, 235mm, 252mm and 270mm - the baffle height with 216mm was
found to have the best cooling performance.

(2). When the baffle number was changed — out of the six cases, namely 8, 10, 12,
14, 16 and 20 — the highest number of baffles (20) was found to have higher heat
transfer performance.

(3). For the baffle placements case, mixed baffle placements were found to be
appropriate for cooling. In comparison to the cases of down to up and up to down
placements, the up or down placements does not effect the cooling performance.

(4). Out of the three types of baffles used in this study, namely, single-segment,
double-segment and ring-donut types, the ring-donut type was found to have the best

cooling performance of the heat exchanger.
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Fig. 2-2 Structure of header and tube arrangement

(Z# : BMytec)

A A 7] 298 Figure 2-3°] e oH, §14 meeo] A3
2ol 2000mm, A &L 360mm=z AA =) 2R A FaEgith
FH Fo fAE UAE FE #& F H 5o U Fu =, Figure
2-4°] dHelA el & BFE FASHAT I-AA FHH A% FH

ShH Eof oMo yow 2wy 3HE AAEY e FXRo|Y] Wi
| A=A 3o E Al fEE o] o g Eol 4o = e}
EE WA UIEA fh

|

I

L)

2

_‘]2_



Fig. 2-3 Analysis model of the intercooler

Fig. 2-4 Flow direction in header
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Table 2-1. Permissible range of pressure drop in a shell-tube heat exchanger

Heat Exchanger Pressure [Pa] Allowable Range [Pa]
P < 10° AP = 0.1P
P = 10° AP = 0.5P
P~y &8s AP < 5 x 10*
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Table. 2-2 Boundary conditions

Fluid Water
Shell Domain Inlet Temperature [TC] 36
Inlet Mass Flow [kg/s] 11.45
Fluid CH,4 ideal gas
Tube Domain Inlet Temperature [TC] 126
Inlet Mass Flow [kg/s] 1.35

Header Wall,
Shell Cover, Baffles

Adiabatic

Tube Wall

Interface
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Table. 3-1 Design values for intercooler

Shell Tube

Working Fluid Water Gas
Mass Flow [kg/h] 41231 4864
Inlet Temperature [T] 36 126
Outlet Temperature [TC] 42 43
Pressure [bar] 4 256
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Table. 3-2 Average temperature of outlet with or without hole

With Hole [TC] Without Hole [TC]
36.19 35.77
Difference : 0.42 (1.1%)

Fig. 3-3 Temperature and pressure distribution of the pass partition plate

_21_



33 ¢ 2= mE JE AT

B =ToA AR EFE e = AHE Al o7k I Ee ol

R

)

2,4 o8 Bol/ke 4% §A9 YASE F2 A4S A 8
w

WOAS WS HCEP /EMC Marine Modeling ond Anahyss Branch
RTG_SST Analyws (0.5 deg ¥ 0.5 deg) for 03 apr 2018

dagress C

Fig. 3-4 Sea water temperature distribution in the world (accessed - April 2016)

(FA 1 W% 39 715 A M)

_22_



Table 3-3. Boundary conditions based on sea water temperature change

Shell Inlet Temperature [C]

Shell Inlet Mass Flow [kg/s]

36

11.45

11.45

34

10.45
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32
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Table. 3-4 Tube outlet temperature with sea water temperature change

Shell Inlet Temperature Shell Inlet Mass Flow Tube Outlet Temperature
[C] [kg/s] [C]
36 11.45 43.2

11.45 40.8
10.45 41.7
34
9.45 42.1
8.45 44.1
11.45 37.9
10.45 39.8
9.45 41.0
32
8.45 42.2
7.45 42.5
6.45 433
11.45 37.1
10.45 37.8
9.45 39.5
30 8.45 40.4
7.45 41.7
6.45 41.8
5.45 43.0

Gegleh A4 Asteld FR &7 £E7b 4BCE 23 S Hi
Aol K LR 2A% §9 §% 2L AnBIE FEAAN
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Fig. 3-6 Heat transfer rate with sea water temperature change

Table. 3-5 Ratio of heat transfer rate increase with sea water temperature

decrease
Decrease Ratio of Temperature of Increase Ratio of Heat Transfer Rate
Cooling Water [%o] [%]
15 7.4
10 6.4
5 2.9
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Fig. 3-7 Mass flow rate with sea water temperature change

Table. 3-6 Ratio of mass flow rate decrease with sea water temperature decrease

Decrease Ratio of Temperature of
Cooling Water [%]

Decrease Ratio of Mass Flow Rate of
Shell Side [%]

15 52
10 44
5 26
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Table. 3-7 Baffle heights according to baffle cutting variation

CASE Height of Baffles [mm] Baffle Cutting [%]
4-1 198 45
4-2 216 40
4-3 235 35
4-4 252 30
4-5 270 25

& 2l = (24 A4 - wiE ol /A A7) * 100 [%]

Figure 3-9°] 7} 34 ©d <2 Table 3-8 W= Zo] & F1 =

F7W BT ewsh 4 3 %Y A% e GenhA

249 248.5
248.5
248 ~ai3 247.6
247.5 247
247
246.5
246
2455
245 2
244.5
244
243.5
243
242.5

W]

Heat transfer O [k

198(45%) 216(40%) 235(35%) 252(30%) 270(25%)
Height of baffles (cutting) [mm]

Fig. 3-9 Heat transfer rate with baffle height change
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Table. 3-8 Outlet temperature of tube side and pressure drop with baffle height

change
Outlet
CASE Height of Baffles Temperature Pressure Drop

(cutting) [mm] of Tube Side [bar]

[C]
4-1 198 (45%) 44.0 0.36
4-2 216 (40%) 42.7 0.36
4-3 235 (35%) 43.2 0.35
4-4 252 (30%) 43.1 0.37
4-5 270 (25%) 43.0 0.40

S A, wEY wolsh mobdE AdYSol FE 4SS B
Atk E3 WlE o] 216mmsl CASE 42014 5938 & 48 4%

& Hol= Ao yEyit

Fig. 3-10 Comparison of velocity distribution for CASE 4-1 (up) & 4-5 (down)
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Fig. 3-11 Comparison of velocity distribution for CASE 4-2 (up) & 4-3 (down)
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Table 3-9. Baffle distance according to baffle number

CASE 5-1 5-2 5-3
Distance Baffle

[mm] | Number

204 8 175 10 146 12

117 14 102 16 94 18 88 20
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Fig. 3-12 Heat transfer rate with baffle distance change
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Table. 3-10 Outlet temperature of tube side and pressure drop with baffle distance

Outlet
CASE Distance (Number) [mm] Temperature of Pressure Drop
Tube Side [T] [bar]
>1 204 (8) 45.4 030
52 175 (10) 449 0.30
53 146 (12) 442 0.32
>-4 117 (14) 432 0.35
>3 102 (16) 432 041
5-6 94 (18) 4.9 0.45
>7 88 (20) 4.5 0.50
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Table. 3-11 Computational model according to baffle placement

CASE 6-1 6-2 6-3
Horizontal Horizontal Vertical
Placement
down to up up to down left to right
6-4 6-5 6-6 6-7
Mixed Mixed Mixed
Vertical
. down and left down and right down to up
right to left
to up and right to up and left and left to right
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Fig. 3-13 Comparison of heat transfer rate over all cases
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Table. 3-12 Outlet temperature of tube side and pressure drop with baffle

placement
Outlet
Pressure Drop
CASE Placement Temperature of (bar]
ar
Tube Side [TC]
Horizontal
6-1 43.2 0.35
down to up
Horizontal
6-2 433 0.38
up to down
Vertical
6-3 44.6 0.39
left to right
Vertical
6-4 44.8 0.39
right to left
Mixed
6-5 down to left 43.2 0.34
and up to right
Mixed
6-6 down to right 43.1 0.34
and up to left
Mixed
6-7 down to up 429 0.36
and left to right

Figure 3-14°] #Hoto] 4 mdel CASE 6-4¢ &%3d
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Table. 3-13 Types of baffles

7-1 7-2 7-3
Single-Segment Double-Segment Ring-Donut
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Table. 3-14 Outlet temperature of tube side and pressure drop with baffle type

Outlet
Pressure Drop
CASE Baffle Type Temperature of [bar]
ar|
Tube Side [TC]

7-1 Single-Segment 43.2 0.35
7-2 Double-Segment 44.0 0.34
7-3 Ring-Donut 42.0 0.31
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