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Numerical Investigation on the Thermal and Flow Characteristics of
Combustion Heater for Commercial Vehicle

Chang Hwan Hwang and Seung Wook Baek

ABSTRACT

The diesel pre-heater has being used in cabin heating and coolant heating of engine to reduce the engine
warm up time for commercial vehicle. The pre-heaters are classified as diesel spray combustor and it forms
diffusion flame. By using swirler, a recirculation flow of hot product gases is established near the fuel nozzle
and it helps the maintaining of diffusion flame. The design difference of swirler can affect on reaction
characteristics and temperature distribution inside pre-heater. The purpose of this study is the investigation of
the effect of swirler configuration on combustion characteristics. To solve spray combustion problem, the
Euler-Lagrange approach discrete model is used to track droplet trajectory and evaporation history. The PDF
equilibrium model is used for chemical reaction model. These models are implemented into the FLUENT

code.
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INTED
Alphabets Uy : particle velocity
a : absorption coefficient VA : mixture fraction
C, : constant pressure specific heat
d,  : particle diameter Greeks
D : diffusion coefficient a : absorption coefficient
1 : radiation intensity p» : particle density
J : diffusive flux o, : scattering coefficient
n : refractive index T @ time
P : probability density function ¢ : scalar value
r : position vector ¢ : density-weighted mean scalar value
Reyy, : spherical particle Reynolds number & : scattering phase function
S . direction vector £ : solid angle
Sk : energy equation source term
1. M2 A W7o WEal gastn g FAlol,
A Fzrel e SUV Aol A% A Wass
L5 AR AR A AR Aok i o] ggk dbo] ol# X1 QlH2,3]. whEkal A A
717k Aol 3-8 18)ed EE%, AFlE A o] o]Fojx|7] QAL a4l FE b
£2 ALRT ST, olo] HUAAL Kok F  mastu, ofu] el Fpol A LS o
BER QISP AT FPEUOR AFHE A golo] AU W sl Y WE Aol
FE£3517] 2ol Aad 3EE Aabste] Ags e
S| &Y VAR ALY I 9lar, 9] SUV Apekoll= d44] 3|E 7 &4
o B38| 59 7| A SR A] A8 BEkE oz AAatEo] EA7F Hi Qlrh. E3F P EE 9

T AgA A}, swbaek@kaist.ac.kr



FEEA e FH AT 41

75 Adxle] HY(warm-up) It FAFS wf Ay
S ¢ T H(dling) L2 AREE ARFS E9]
7] $ite] A4 3|E7F A= 9ot

H oo A& FEAFAE) Q] DHP-140, 1801} Espar
Heater Systems2] HYDRONIC 245 dLtjAlo 2 &)
Oih;]— o] 0:]/\/\1 O]E—]EL_ LE_J Ojﬁ\_i }\H/HH
29 wj7|7kA 0l S AsAb Azl Wzkgeo] A

goto] W9 25 70~90TC ®LIZ FA5H7]
Azt Axolct. AF R slEl= ARE A 4
B2 EREst A4AY]e BERAATES &8st
QA ARXE9 ot FAstdel FdH
ol HE3E Qg HHow ﬁi%ﬂ«l A3 7
(swirl flow)E F=3HA ﬂﬁtﬂ °]'Eq
G W EA SATie Gt s
4919 s THASE A8 2 Aeia
SEERIETE)

Aol AL BlE= W40 tExe] T2
7] WZol Wztprt 2R g AHolA By
o] Fo|xfok ghrt. sFARE A AR HF Y27t
24 %= dHolA Aol E7Fss] wz
A S Tl e YR SddS v,
TR Al SlE= A2 thE A7 (swirler) 74
= 7¥Xlﬂ et ool A LHT"‘] Axd4,

TR LEEE 7)A= IS AN
%0}04 oot 1A} gt B Aol = *J%— CFD(COInPu-
tational fluid dynamics) =2l FLUENT 6.3.26& ©]
£ttt

i?l

22 o]lg

—_

2. |

HA‘I

|

a
>
ol

2.1. 9A Al SIH

Aol AHE-H 3 El= 7-(diesel) T2 W 5-Fr(ke-
rosene)E =22 ANE-Sic). Fig. 19 HYDRONIC 24
9] 32+ CAD GHEE YEF ST 3lE 9 FAF
of AaAo] glow, o]Fo|x AJHEH ZAL w7
Ztas WAaet ugS shy) fja Wgwel A
AH R HFo 2 & 327 ) DHP-140, 180
o

lm

1011 ﬂ.llo

o qla] BEo] MAY B W Txe} 45
= o]} Fd3}t} Fig. 2 HE 4714 A 3162 A3
7 5po] 4B A% thehyglth. HYDRO-

NIC 242] dAAa7|= HAMA} A13)7](radial swirler)2}

Table 1. Operation conditions and burner configurations

Radial Swirler Entry

Fig. 1. Schematic of heater and flow direction of ex-
haust gas.

27 3 mme] ARG 234 3711 F 64, 27 2 mm
o] e 33 /|2 1842 AT et ubw
o DHP-140, 1809 A7) AAHW AT 418)7]
(tangential entry swirler) T 7}RIt} Al A& 2F
Ax7]o] ok dRx=Fo] YAt k.
Table 16 &]€]0] 279} A4gee ulwsart.
DHP-140Z} HYDRONIC 249] Zo]: u]%3}2] gk

HYDRONIC 249] 237} t] S0& diguggo s 3
717F FE & 5 o, AagTF B 55% JE
2 7HA ). Wb o] DHP-180-2 HYDRONIC 24 K

AxgaFol 1% HE 22 g 7/HAA T dAx
0 9359 35%

SECES
SER
%9l

= 2 g e g

&

Fig. 2. Swirler of DHP-140.

Fig. 3. Swirler of DHP-180.
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