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Abstract : An object of this study is to confirm the opening amount of the throttle valve that is begun the temperature
separation of vortex tube for various engine speed and load condition in a common rail diesel engine. The vortex tube
located at downstream of the exhaust manifold is a device separating the incoming exhaust gas to hot and cold stream.
To find optimum separation efficiency of vortex tube, the opening amount of throttle valve has been investigated for
various engine speed and load conditions. Engine speed was found that the influence of engine speed was dominant
compared with that of engine load. As engine speed was increased, the throttle opening amount starting temperature

separation was reduced.
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Photo. 1 Vortex tube
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Table 1 Dimensions of vortex tube (unit : mm)

Items Specifications
Tube length (L) 280
Tube inner diameter (D) 20
Nozzle diameter (d») 3
Cold end oriffice (dc) 12
Nozzle holes (Hn) 6
Nozzle arearatio (S) 0.164

Table 2 Specifications of test engine

Items Specifications
Engine type Water coo!ed 4 stro!<e
cycle 4 cylinder engine
Total displacement 1,991cc
Bore x Stroke 83 x92mm
Max. power 115ps/4000rpm
Max. torque 26.5kg - m/2,000rpm
Fuel injection Bosch CRDI
Turbocharger Waste gated t/c




Vortex Tube2] &£&

Table 3 Specifications of measurement equipment

Items Specification

Hwanwoong Co. Model DY TEK-130
Absorption torque : 343N -+ m
Absorption power : 130kW

Dynamometer

AND Co. type HF-2000GD

Fuel flow meter | - acity - 2100g, resolution : 0.01g

KELLER Co. Series 21PRO

Pressure Signal Output 4...20mA

transmitter

Pressure Range 0~4bar(0~400kPa)

Temperature, Pressure

measurement line ® ®
Jom
NS \é
Hot gas out
- j
/
g | © o
® \
J
(O]
(© Generator (@ Sleeve (® Housing (® Tube
(® Throttle Valve (5) Gas chamber (@ Air flowmeter (&) Pressure control valve
@ Engine Dynamometer @Dyna Controler @ AD board
(®)Computer @ Pressure gage

Fig. 1 Schematic of experimental apparatus for application
to experimental engine
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Fig. 2 Vortex tubeinlet pressure under engine speed and load
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Fig. 3 Temperature difference between hot gas and cold gas
under engine speed and |oad



An Experimental Study on Characteristics of Temperature Separation in a Vortex Tube for Diesel Engine Exhaust Gas

o
Y
flo
N
r_‘;‘l;

o
]
Ip
Y

2
12
2
>
fr

o

)
[>

jins
oK
el
2
a8
o,
olN
N
ol
2
b
N
it
o u
jins K
i,
Ir
Jo [z

(

o
41 3
s

=

il

4z

il

offt

i)

ol

i

Ho

,[

o

ox
= oy

ol

(T
L

éjm
dr
£ §

\lr.{u;ﬁl

P
[
f
v}

oft
2

Pl F7h 2 RS w4
&7k STk B0 e 54
EECESCEESS Y

& oA HE oA W7t

2 g I olN

oz & @

M o
fo

J

T o o)y i ooz op o

)

we b

gt 1o o -z
of

o

L

r\l

>
N
i)
Ir
RV
|o
fu
>,
il
i,
v

fu
[
il
[t
e,
T
19,

o

o, E

1o

e

P‘L'

N

)

o

U
o
»
flo
-4
BN
o Jz

welrh A e e
Shx71 50% %7} 100%7HA] =
5w olg oo

F0 Awate ek 2w Ao

Mo

e ro,
Uil

4

zen

S
L)
fol

<
L
Jo
>
_0|L
s

3}

o
fo
ol
A
fd
e

=

=

Ml
o

33 7|ze| @RE0| D2 A2E ¢
T

Fig. 45 25%, 50%, 100% 7] ¥ F-alx=7 o)A &
gl 5o R e w77 et &
SRV AIAE 22508 0] dE RS 773
A HE e Aotk 713 F3) 25%9] -9
(Fig. 4(3)), 1,500rpm-300°, 2,000rpm-350°, 2,500rpm-
400°, 3,000rpm-500° -l A1, 7] §-3} 50%°] 7
$-(Fig. 4(a)) =, 1,500rpm-200°, 2,000rpm-250°, 2,500
rpm-300°, 3,000rpm-400° F-ol| A &% H2] 54
o] AZtE = A& 1 4= low, 7] 751 100%
2] Z$(Fig. 4(a))°ll+= 1,500rpm-200°, 2,000rpm-250°,
2,500rpm-300°, 3,000rpm-350° F-Foll A &&= #-g
E40] A&t = AL gRlE 4 k.

713ke] 3| A4et ol w2
ol NAEE 225 Wuel A

¢

o i
[

=
oo on0 b oM

H

ki
N

it

T
o,
)
rir
Y
flo
x
o
=
Y
Y =5
Joh
)
B
N
oz N
Kot

o
o O e
g o )
g o

T Lo

i o
-
2
ofl

=
> ox

1o
r
H
dr £ A
m 4T
A
o,
t

oo o
[ 4
ST
L 4w

rlo
=
™
lo
ot
r
&
o
e
Q‘L
N
)
2
=)
ic)

720

| | Engine Load
—n— 25%
576 || —°— 50%
100%

. 504 |- /
T4t
g} L}
g 360 | /./ /0
= " .
S 288
£ _—

216 | [

144

72

0 1 1 1 1
1500 2000 2500 3000
Engine speed(rpm)
(a) Throttle angle vs. engine speed
200
r Engine Load
180 | —m— Load 25%
| | —e— Load 50%
teor Load 100% .
140 |-

S

e

Pressure(kPa)
8
T

e
-

80
- { L]
60 |- L
o i ./
N :/
0 1 1 I 1 n 1
1500 2000 2500 3000
Engin speed(rpm)

(b) Inlet pressure vs. engine speed
Fig. 4 Comparison of inlet pressure and throttle angle between
the engine speed and load

Ha gow 71w 33
th 719he] 35 27 Wl o9 o go] 2l
2 Fre) ex e 54l Gl ¥ 2 AL )

gk ATk

448 B
& A7) e wr)de] BEs FH FAE
daretal A7l e etz wel 2= &
7t At BEs FHO AnE iy A
S FRlste] vt 22 A8 Ak
1) BExRE g gEg fF 202 22 £

Transactions of the Korean Society of Automotive Engineers, Vol. 18, No. 1, 2010 97



5749 Ta% ol 7] e] Faket 3 dS Centrifugal Field as Cooling Process,” The Re-
ZZA9] Mgl wha) vl 7] 7F2~9] dE 3} §3Fo) view of Scientific Instruments, Vol.18, No.2,
W e} ofof nhe} BEls Fre] o B & pp.108-113, 1947.
7o) W3lsle] &= Ra) EAJo] 247 vk A 3) C. D. Fulton, “Ranque's Tube,” Refrig. Engin-
EPte. 4) geriklngéxogs’vpﬂ'ﬂsl\-ﬂﬂz 1\?50. dJ. I.R
_ o = .J.Oh, S. Y. Im, M. K. Yoon and J. I. Ryu,
2) TR AT BF iﬁ%] BF EEE R = “An Experimental Study on the Energy Sepa);a-
EEHE A e fsje] whet £ el 54 tionin aLow Pressure Vortex Tube for Engine,”
of ¥isksr 7]ke] st -k el uhet Transactions of KSAE, Vol.10, No.5, pp.235-
=L 540 AlFtE = RS 22 thE A 241, 2002.
e o glovu g 7)o &4 2o wep ~ 5) D. J. Oh, An Experimental Study on the Cha-
2EWY g8 29 747 th2 A 28 of sk} racteristics of a Low Pressure Vortex Tube,
3) Belx BBl on RaEx0 7|yhe] Bz Chungnam National University, Ph. D. Dis-
SEERELE LR RS oo 208 crei
e o =lera 6) S. Y. Im, D. S Choi and J I|. Ryu, “An
o SR Rel A Selsin ) Experimental Study on the Performanyce Cha-
racteristics of the Vortex Tube for Substitution
References of the Intercooler in a Common-rail Diesel
1) G. J. Rangue, United State Patent, Serial No. Engine,” Transactions of KSAE, Vol.16, No.3,
646.020, December, 1932. pp.172-178, 2008,

2) R.Hilsch, “The Use of Expansion of Gasesin a

98 sizx=AIZstsl==27 HM18H 135, 2010



