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Abstract : Cooled EGR is an effective method for the reduction of NOx from a diesel engine and an EGR Cooler is
the key component of the system. High efficiency, low pressure loss and compactness are required for the EGR Cooler. ‘
To meet these requirements, new geometric tube must be developed. In this paper, a full size EGR cooler test bench has
been developed to validate the CFD flow and heat transfer models. Fluid temperature and pressure drop measurements
are provided. Inlet temperature is 200°C and 300°C, and flow rates vary from 0.008 kg/sec to 0.019 kg/sec. The gas
flow and heat transfer in a single tube cooler have been studied using computational fluid dynamics(CFD). Analysis has
been carried out in a single tube with a plain tube and six spirally enhanced tubes of varying pitch to depth ratio(p/e).
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Nomenclature Subscipts
p  :spiral pitch, mm g :gas
: spiral depth, mm a :air
Di : tube inner diameter, mm i :inlet
a :spiral angle, deg. o :outlet
@ : severity factor
m :mass flow, kg/sec LAE
C  :specificheat, J/kg - K AQRe]  Fa wETledle AaiEE
T  :temperature, K (NOx), YAMFEA(PM), 2K I(smoke), LA+s}et
2(CO) B Bt52(HC) To] glom,™ o] ZofA]
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Fig. 1 Schematic diagram of experimental apparatus
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Fig. 2 Test bench for EGR cooler

Transactions of the Korean Society of Automotive Engineers, Vol. 11, No. 6, 2003 45



Hyungseok Heo - Jongphil Won - Kyoungsuk Park

g d@o 2 ZAol7t 104 mm, WA o] 5 mm, T
77} 0.5 mmolw & FE(W) = 3170t} Ay
%312 EGR Coolerdl] th3t Bench test A0l =5}
o Yzbo] #8033 kglsee, W25 YT eES
30CE w7gsta F719) %< 0.008 kg/secol 4]
0.019 kgfsec 7hA] W3tE FY3 F7)9] YT 2%
=200°C2} 300°Cell el A A& =38t o)

3. —HA-I EEI 5":

31 sl -
2 7oA & EGR Coolered] W3l 3314 g8%
4 o] B4 HEL 9ste] $45 02 Fig 20]
Uehd 2ol thalA A ste] A3 X9} vl

Tx|al'H

AL oAtk 281 7ta Fo gd F R o3|
A Qg AT TS Al ANEA AAE A5o0]
g TR A B 2 {5 E4S A5
A& Foto Bl A3 x84 8 9381
44 F=2 Fluent 6.18 ]88} o} Fig. 3& H3
Y& F22] EGR Cooler A A =el-g 4] 34 5}
7] 918 W A go] o] Foix= Fr.o] Az} A
A rndg veld Ao g & ARS4E 380,0007)

o]},

Fig. 4% 25fo]|d Fro| o —g— LR ZlolTh
AN A8 25to|d FHE F Holr} 104
mm, 23}o)d F1ke] o7} 84mm 7ol 5 mm
°13L F7= 0.5 mmolt}. 71 F 8.9 2 ¥4l
2:gto] Y B X|(p)o} 25}kl d Zlol(e)”'Vol wa} &
67He] 2=5}o] 2 Fro) gia)A a4l g st &

Fig. 3 Computational grids of EGR cooler
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(b) Cross-sectional area
Fig. 4 Sketch of the spirally enhanced tube

Fig. 5 Computational grids of spiral tube
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Table 1 Dimensions of the plain and spiral tubes

Tube b e ple g a
no. (mm) | (mm) (x10% | (deg)
1 Plain 0.0 oo 0.0 -

2 10.89 0.2 54.45 7.35 60
3 8.0 0.2 40 10.0 67
4 5.05 0.2 25.25 15.84 75
5 10.89 04 27.23 29.38 60
6 8.0 0.4 20 40.0 67
7 5.05 0.4 12.6 63.49 75
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Table 2 Physical properties involved in the model
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Fig. 6 Average air temperature after EGR cooler
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Fig. 7 Overall pressure drop through EGR cooler
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