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Issue Date
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i Payment Method

We duly received the above amount.

Registration (Participation) fee for 2023 JSAE Annual Congress (Spring)
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Society of Automoty

Engineers of Japan
10-2, Goban-cho, (
Tokyo, 102-0076

234231
2023-05-11

TEL: +81-3-3262-8%
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2023 JSAE Annual Congress (Spring)
in PACIFICO YOKOHAMA & Online

Program

TOP Program

Foreword

Js@ Society of Automotive Engineers of Japan, Inc.

2023 JSAE Annual Congress (Spring) takes place as an on-site event. *Some events are available for live streaming online.

1 Please register in advance from the website. *There is no on-site registeration.
2 The entire event may be held virtually when an in-person event is difficult.

3 Those who have registered to in-person event will also have access to virtual hearings.

General

General Information of 2023 JSAE Annual Spring Congress

Organizer Society of Automotive Engineers of Japan, Inc.
Date Wednesday, May 24 to Friday, May 26, 2023
Venue on-site: Pacifico Yokohama Conference Center (Access)

online: Microsoft Teams

Program
Holding Method Dates
Technical Onsite
May 24 ~ May 26
Sessions *Live streaming available
Onsite
Keynote Address 25-May
*Live streaming available
SAE Annua .
Onsite 25-May
Party
Student Poster
Onsite May 24 ~ May 26
Session
Automotiv:
Engineerin,
3 2 Onsite + Online May 24 ~ May 26
Exposition 2023
Yokghama

B Technical Sessions [Registration Required / Charged]

Time table(2023.02.17)

B Keynote Address [Registration Required / Free]
“Language : Japanese

Onsite

*Live streaming available

https://www.jsae.or.jp/2023haru/english/outline.php

Registration Required /
Charged

Registration Required / Free

Registration Required /
Charged

Registration Required / Free

Registration Required / Free

Japanese
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Dates Thursday,May 25th,2023 17:00-18:00
Venue Pacifico Yokohama Conference Center 1F Main Hall
Title Outlook of road transport sector toward carbon neutrality by 2050

”

Keigo Akimoto
(Research Institute of Innovative

Technology for the Earth)

Summary Automobiles vehicles are facing big changes, including electrification and, more broadly, CASE, toward carbon neutrality by
2050. The outlooks will be discussed from the viewpoints not only of light duty vehicles, but also road transport sector and
whole energy systems including energy supply systems.

M JSAE Annual Party [Registration Required / Charged]

*Language: Japanese

Onsite

Dates May 25 18:15~

Venue Pacifico Yokohama Conference Center 3F
Fees Student member JPY 3,000

JSAE regular member, corporate member JPY 8,000
Non-member JPY 10,000

B Student Poster Session [Registration Required / Free]

*Language: Japanese

Onsite

Dates May 24 ~ May 26

Venue Pacifico Yokohama Conference Center

Js@ Society of Automotive Engineers of Japan, inc.

https://www.jsae.or.jp/2023haru/english/outline.php
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A Study on the Performance Improvement of Heat Exchangers Biogas
Generators Using CFD

Hyowon Bang" Giyoung Park” Seangwock Lee?"

1) Kookmin University, Graduate School of Automotive Engineering
Seongbuk-gu, Seoul, 02707, Korea (E-mail: bhw9321@kookmin.ac.kr)
2) Kookmin University, Department of Automotive Engineering
Seongbuk-gu, Seoul, 02707, Korea (E-mail: energy@kookmin.ac.kr)

ABSTRACT: Carbon neutrality is emerging as the latest global environmental paradigm. and biogas power generation fits this trend in

that it converts methane gas into electrical energy. However, impurities contained in the biogas corrode the intercooler and reduce power
efficiency. Therefore, it is necessary to change the material and design of the generator intercooler to improve corrosion resistance and
cooling efficiency. In this study, the thermal characteristics of intercooler materials and design changes were analyzed using
CFD(computational fluid dynamics). As a result, an optimal design that maximizes cooling characteristics and thermal efficiency while

securing corrosion resistance was presented.

KEY WORDS: biogas generator, heat exchanger, heat flow analysis, heat transfer, heat flux

1. INTRODUCTION

Biogas power generation contributes to carbon neutrality by
reducing carbon by converting methane gas (CHa4) generated when
organic waste is anaerobic in waste treatment facilities into
electrical energy. Biogas power generation can secure new and
renewable energy and respond to climate change conventions as
well as economic effects such as crude oil substitution and
greenhouse gas reduction effects. In order to use it, impurities such
as carbon dioxide, hydrogen sulfide, and siloxane are removed and
purified in a pretreatment device before use. It is necessary to use
a biogas engine with improved functions and efficiency so that it
can be used for power generation even though it contains these
impurities.

However, the characteristics of biogas cause a corrosion
problem of the intercooler, and the power generation efficiency
decreases in proportion to the increase in operating time. As a
result, intercooler corrosion occurs due to problems such as
clogging inside the pipe and deterioration in gas fluidity, resulting
in a decrease in power generation efficiency and breakdown. In
this case, periodic replacement of the intercooler consumes
enormous costs due to replacement costs and losses due to power
generation stoppage. In order to secure the efficiency and
durability of a biogas generator. it is essential to select materials
and design changes to improve the corrosion resistance of the
intercooler and maximize cooling efficiency.

In this study, the analysis for improving the performance of
the intercooler was analyzed using ANSYS Fluent software by
changing the material of the heat exchanger. the number of
internal fins, the size of the intercooler, the number and thickness

of the cooling water tubes, and the flow rate of the cooling water.

Through this study, a design proposal was proposed that improved
the cooling characteristics and thermal efficiency by changing the
material of the existing gas engine intercooler and changing the

internal shape of the heat exchanger.

2. NUMERICAL METHOD

2.1. Geometry model

The engine subject to CFD study is a V-12 Premixed Spark
Ignition Turbo Charged gas engine. Before proceeding with the
thermal flow analysis, the pre-processor that models the analysis
target and creates a mesh is performed. In order to improve the
performance of the heat exchanger of the biogas generator, a
geometry model was created using the heat exchanger design
drawing of the currently used 300kW biogas generator. The
intercooler of the biogas generator is designed to cool the high-
temperature air of up to 200°C coming through the turbo charger
to aminimum of 55°C by contacting the inner tube and fin through
which the 30°C cooling water flows. The core boundary
conditions for this study are shown in Table 1. and the 3D
intercooler model is shown in Fig.1.

Table 1 Core boundary conditions

[tem Value
Turbulence Model Standard K-epsilon
Ai Inlet Mass Flow Rate 2200 kg/h
ir
Conditions Inlet Air Temp 200°C
Inlet Pressure 2.5 barG
Fin Number 10~100 pcs
Cooling Tube Number 63 pcs
System Tube Diameter 15 mm
Inlet Mass FFlow Rate 340 L/m
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Fig. 1 3D Layout of the Intercooler for Biogas Generator

2.2. Physics settings

A numerical analysis technique based on the finite volume
method was applied to the flow inside the intercooler, and it was
assumed to be a turbulent flow in a 3D steady state. For the
turbulence model, the standard K-epsilon model, which has been
verified for engineering feasibility was applied. Energy Equation
is used to check the intercooler characteristics according to the
heat transfer between hot air and coolant.

Density change of hot air was calculated by incompressible
ideal gas equation of state, specific heat was piecewise-
polynomial, and viscosity was applied by Sutherland's equation.
For the density of cooling water, the change in density according
to the temperature of water was applied using the *Piecewise-

polynomial® equation.

3. RESULTS

In this study, analysis was conducted on various variables
such as the material of the heat exchanger, the number of internal
fins, the size of the intercooler, the number and thickness of
cooling water tubes, and the flow rate of cooling water.

By synthesizing the results of the cooling characteristics for
various design variables, an optimal design plan that can be
expected to minimize the increase in back pressure and increase

the cooling performance was derived.

3.1. Difference according to materials

When the material is changed to 304 stainless steel to
supplement corrosion resistance, the increase in cooling
performance is significantly lower than that of copper, which has
high thermal conductivity, despite the increase in the number of

internal fins due to the low thermal conductivity.

Air Outlet Temperature: 87.12 °C

304 Stainless Steel

e

Fig. 2 Comparison of Air Temperature Distribution between

Copper and 304 Stainless Steel

4. CONCLUSION
With the optimal design of the heat exchanger, the increase
in back pressure was minimized and a result close to the target
cooling temperature was obtained. Through this CFD research
process, the relationship between changes in heat exchanger
materials, heat exchange fins and tube specifications and changes

in flow characteristics of the flow field was derived.

REFERENCES
(1) P A Bromnick, R J Pearson, and D E Winterbone :
Intercooler model for unsteady flows in engine manifolds, SAGE
publications, Vol. 212, pp. 79-150 (1998).
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model, ASME Journal of Fluids Engineering, pp. 192-198
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effectiveness and pressure drop in micro cross-flow heat
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(5) S. Jang et al. : Experimental investigation of the influences of
shape and surface area on the EGR cooler efficiency. Heat and
Mass Transfer, 47(6), pp- 621-628 (2011).
(6) Ali Hafiz Muhammad, Adrian Briggs : Condensation heat
transfer on pin-fin tubes: effect of thermal conductivity and pin
height., Applied Thermal Engineering, 60(1-2), pp. 465-471
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RECEIPT

RECEIPT

To

NO. 5231346
Issue Date 2023-04-03

Graduate School of Automotive Engineering, Kookmin University, Korea

Total Amount

JPY3,000 (Tax-exempted)

Description

Payment Method

Registration (Speaker) fee for 2023 JSAE Annual Congress (Spring)

Confirm the receipt of the amounts mentioned above .

Society of Automotigz

Engineers of Japan|
10-2, Goban-cho, (
Tokyo, 102-0076
TEL: +81-3-3262-8&3%

https://gakkai-web.net/p/jsae/s/ronbun_efreceipt.php
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JSAE Congress

FRIE / Affiliation
Graduate School of Automotive Engineering,
Kookmin University, Korea

FiiJ& / Affiliation

Graduate School of Automotive Engineering,
Kookmin University, Korea

K4 / Name
Hyowon Bang

K4 / Name
Hyowon Bang

= {TEEAEER 5/24 8:00~
Reception Start Time:  5/25  8:30~
5/26 8:30~

(5/23 15:00~17:00)

HEHERE L) / Valid through the end of congress

SZINZHAQRa—F =7 4 BN

@Y

>

No. s231346
Hyowon Bang #&

BREABHA S —O—F

Barcode for scanning at the exposition entrance gate

9 7999102 " 313464

AELB2FEOTFV /0 —RBO [HIFIE] 2EF60H
I, THoHETERLIET 0L,

IR BIY YT %
e

023 EEZASPMERSICSML I ®FTBVELET,
We hereby certify that the person above attended 2023 JSAE Annual
Congress (Spring).

Society of Automotive Engineers of ﬁm

1. ABNSEALTHRIL, MAOSBRTADICHY AT,

EH/IIEFL 2T 0,
Print this name card on A4 paper, fold it, and bring it to the
venue.

2. EBOZRMICTEMHEOQRI—FERZy ZICBRE (L
é L\G

Show the QR code of the name card to the front desk staff.

3. ARy 7OQRI— FEEETH, BNFFLE—L707
T LMFEEZITERY (IZE 0,
After the reception, receive the name card holder and the
program booklet.
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#
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HEARBHE I FARE

@&y

o« BB YT MR KB - FTVRTY
7

Reception Place: PACIFICO YOKOHAMA Conference Center 2F
Entrance

e BRTEICBMENZARBRA—AICTHE, ZHR
LS,

If you will participate in the Exposition, register at the exhibition
hall.

https://gakkai-web.net/p/jsae/s/ronbun_e/confmn.php
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