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CFD Analysis of Temperature and Flow Rate in an Exhaust Gas Recirculation

System in Different EGR Condition
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Abstract

Modern engines implement exhaust gas recirculation to reduce NO,. NO, is produced during
the combustion in high temperatures. Oxygen combines with nitrogen to form NO and NO,. NO,
combines with hydrocarbons to form SMOG.

This research aimed to study coolant flow in exhaust gas recirculation system in diesel engine
in learning about coolant’s mass flow rate in system varied in RPM and load’s condition depend on it.
Results indicate that higher load or higher engine’s speed it require more coolant and high risk to
vaporization nearly in water outlet zone (Low-velocity zone)

Keywords: Direct injection Diesel engine, Dual fuel, Exhaust gas recirculation (EGR), Computational

fluid dynamics (CFD), Heat exchanger
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(EGR: Exhaust gas recirculation ) Aanafinanfing
Towdunelusasus laganiz NO, (nitrogen oxide
and nitrogen dioxide) aNN1919IUADNITUN
g1 nandfuitgledeiens suudniufine
osileanguvniimnlniuazoondiaudiiu A
loidgazdroifinanugaiuieusinie angumgd
geanvosn vl Wegamgfinsnlvsianas s
Aaves NO, fazdouasiig sz NO, azAafitu
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ndvanldlndlasgunsaluaniudsuninuiou (Heat
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snafuiA3essust S (Spark ignition) Mdgnmgiitan
Tudidnitves C (Compression Ignition) [1]
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dcony = hAT (1)
. __ g AT

Qcond = k T (2)
] hA

?conv — T;: = Nu (3)
Acond kT
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AN5197 1 MUY UBAREENLAAINAT IR

Type Unit(mm)
Period 20
Radius from centerline 1
Length 200
Height 60
Water’s channel width 2
Air’s channel width 5

TngvuinvesnsuLarLAar iU T8 He
Tanefitusewinstuvodlodouazimastfuaylsl
frvualunuusians uraztunAndudundsily
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U 3(A) n3nvesiuuaaInlusingy

0 0.005

0.01 {rn)
0.0025

SUM 3(9) N3AVBILUUTIRBINIUTHATY
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0.0075

amewenfuadiouluresadafiisiinisia wazld
vodlva 2 vlaluwuusians ddluiidae th (Water -
Liquid) war levdes Tnglewdelunisdrassiasld
AuautAngItuivenannusen1s widnluledey
szivsimiooynndulatuiniueiniadieazaiy
WAlUN15918999E D0 INAINARDAIAIILN A LSO
vadladenamatiosinn waznssiasiisnazyiing
Ainngronmgiidundnisldifivrernia iledode
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Pooer=Pamben=101,325 Pa  (5)
Cpair=f(T) (6)

Cpwater=T(T,P) (7)

% Qsystem = X MfiaCp fruia AT = 0(8)

P = Ausuvesasiva

C, = AMANUaNANNToUTINIEYaIatla
(Specific Heat)

T = gauundl (Temperature)

(xy) = Anguisuiy x uag y (Msekdalan

—
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(%

Junufuwla x wag y )
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Tairin Tair,out Twaterin Twater,out MeGr
rpm °C °C °C °C keg/h
1000 210.99 92.89 83.03 90.12 25.8
1200 211.27 94.19 82.9 90.17 32.07
1400 261.66 111.04 80.75 93.94 35.17
1600 303.4 120.73 80.45 96.09 41.66
1800 314.62 128.75 81.22 96.38 46.6
2000 302.4 125.82 82.73 95.6 47.24
2200 299.16 128.47 82.36 94.87 46.67
2400 301.9 131.34 81.81 93.94 47.06
2600 304.63 13591 81.32 93.27 51.36
2800 308.8 139.69 82.51 93.3 52.07
3000 311.67 139.82 82.25 93.26 54.61
3200 315.13 145.17 81.24 92.11 60.11

1A T, wae megz Wivuatdy Initial Euler equation(s)  gUaun1siAuvnse

conditions  TULUUINADINIABUNIADST ANAUALA
o o A ' ' ¥ <
nuatlsuan(lulioudaseninsiiwagainia) vu

Insulator (MuUUALY Heat flux ¥89uadlA1 = 0 W)

waziruabintsneluvesianinuauufasl

M13197 3 AasaudRvestanilddunivesiagly

& = o
gunIadlanUaguUAINTOU

Name/Materials type Steel/Solid

Density 8030 kg/m’
Specific Heat 502.48 j/kg-k
Thermal Conductivity 16.27 w/m-k

2.4 N1SA9AIRIATUIN
ATANUIAIANETDUINTUNITINADINTT

TravueAsaagudvinau wazsuloideatianailias

o v
(Y |

FedaArguuuy fiugiulaeadnudy ULV
Anusuduatduysal nawulvadiaus(steady)

wuUsaeaftleidu Eulerian [4.5,6]

Eulerian form #lglulusunsu Ansys Wussil

o(” i 0
—i|+v-[H®i+|=] ¢
"\ E+pi) \it)

dp

%30 E-Fv.[pﬂ:sm (6)

f = pg fousmwesnumunuiu

J = P eluunsunumunuiy

E'= pe+ 1/2;‘7”2 AoNFIuRInUAse

USN1ns 1w

S, fo wadiinliiuvednaneuazyinisiUaguain
wanilslug B niuanils (Wu nsszimve wiensnau
fvasvodlva)

way @un1saInsuAILIniAINLLSIvesvasiraly

LUUINABY AD

@ﬂﬁv)ﬁ: —l?p—§+vr‘?2ﬁ’

ot 2 (7)
¥ = Velodity field

£ = Density

p = Pressure,

=NETT
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¥ = Eddy viscosity
.i:?f = Gravitational acceleration vector

A1519% 4 91882188AURY Spatial Discretization

Spatial Discretization Method

Gradient Least Squares Cell
Based
Momentum First Order Upwind

Volume Fraction First Order Upwind

Turbulent Kinetic Energy First Order Upwind

Turbulent Dissipation First Order Upwind
Rate
Energy Second Order Upwind

3. NANTSIATIEN
NNIAUIUAINLRINNTNAFBY bA31UN
| & g v a P a
paotdunlyluniswantUdeuminusauyl Heat
Exchanger HLualalliNTUAINIIUIUTOUTNLNNTY
Wesanledeiilvawdl EGR cooler fanumaiiundn
UINTY WALUIAVDILBLALUINTUY LAABDINTEA
a %)I 1 <@ Y a a G

gauniivennaadulndifuaiy vioUszunns 90-
95 °C dnaluSunauanuseuivuasseanuivadle
VFHUUINTU WAABINITIAUNSUAINS UMD 1 M98
Ysuasimfudasndudeddurunduainiduniy

UIUTOUNETY

Water's mass flow rate at each RPM
* RPM Estimate Line

250

g
*
1

+ 5 *

Y - R? =0.9296

8
.
*

Water's mass flow rate [kg/hr]
*

o
1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200
RPM

SUN 5 AnuduiusSsEnInaUSu i vasd unldlu

Y

FGR Cooler #nAuts150UV00bAT0I8URA

911307 5 W lthmiefiamasyanad
msasfurosiinasivaeifuluslauniadu (m =
11.242RPM + 83.385) [kg/hr] wazdl Coefficient of
Determination : R Square = 0.9296 ({38 92.96%)

Somgluduvesgumnivesimaofuly
wuuaesarldd timufeugddnduinmueon

Taetanziiloisannteilsnsenuesiivasiiu

—— - 0.000
[m s~-1]

JUT 6 unaninszuansivawazauiesivae

By (1ndeg1ennssiassdi 1000 RPM)

mLwﬁﬁmﬁaLﬁuﬁqmmﬁqqﬁnmmqmﬂ
Havoenvasivaadu eradansldanndunssuan
n15lna(Streamline)  Asuanslugy 6 Faudinm
FananliidunnuEiaind wilouintivaeiudl
s visedlng o ililelafidnaeduan
mmuﬂauamﬂéaumm%’au upenAdalaniy
agrasaidosdinald drluvsiiadingitonail

gaumgigevsefsuaniugla(hion)

4. a3UNANITIATIZN
n1siaseiaungivazdnsinisivaly
ssuunyudsuingledeudazaniue Ingldwadans
vodlnadesdnun Tunsiwsisinasziiuladng
yngumnivesimdeidurioonuniy azdewali
fufiduasuinuemgiige fufiniredu Wisuld
Ta3uit 7(2) Fannndn 7(n) egretaiau Tasgamgl

91880993 2000 RPM 881 95.6 °C uazgamaian
9oNYY 1000 RPM oEfil 90.12 °C
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169 413
147.817
126.221

104.626

83.030
c

UM 7(n) wansgusnenmgiivenimaeldy (3N

fog1an1551a9h 1000 RPM)

170.000.

147.500 1

125.000

Ul 7() wamsgUinsgamgiivesimaoidulngld
range YasgauuilnaiAgariu 1000 RPM (31N
Freean1531a8ei 2000 RPM)
mﬁaﬂqm‘mgﬁLLazﬁuﬁmm%uqmmﬁqﬂ
ananlalnens dWudSnahvdewdu wienisan
Huisnashmnuesnvesidaduuinaii
waeLfudanusen Imamiamﬁuﬁmﬂ@w%amﬁw
Ialaeld i@unszuanislivalaewsouiieuiuninusy
mam?meialﬁuﬁﬂgﬂﬁ 6 \ioanlonaianisiionves

umasfuriligunsaliinnsdenala

210,990

203.378

195.765

188.153

180.540

a
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——ArTemperature i 1000RPM  ——Water Temparsture i 1000RFM  —— Water Temperature in 2000RFM  —— A¥Tempersture in 2000 APM
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