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Abstract : Vortex tube is the device that can separate small particles from the compressed gas, as well as
compressed gas into hot and cold gas. Due to energy and particle separation ability, a vortex tube can be used as
the main component of the CO, absorption device. In this study, experimental approach has been performed to
analyze the energy separation characteristics of the vortex tube. To obtain the preliminary design data, energy
separation characteristics of the vortex tube has been tested for orifice diameter, nozzle area ratio, and tube
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length. As a result, the orifice diameter is the major factor of the vortex tube design. The nozzle area ratio and
tube length have a minor effect on the energy separation performance. For Dc=0.6D, AR=0.14~0.16, and
L=16D, maximum energy separation has been occurred. The result from this study can be used as the basic
design data of the 100 Nm’/hr class vortex tube applied to the CO, absorption device. Compared with the CO,
absorption process containing an absorption tower, the process with a vortex tube is expected to have a huge
advantage of saving the installation space and the operating cost.
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Figure 1. Energy separation principle of the vortex tube.

[11]. dT7olA gFE o] Sol& 71AVE A BAY7| ] A
e =R AAWA e RE s, 1 7
%07 st FHU O WA 35S A A 2Es
(forced vortex)2} A} BB A(free vortex) F H-HO0 7 F-i&
2 % Qo Foe) S0E ) 346 ke A B
5 s, Fuo) weAs A Resel] o A 2
g7t g Ect ol A BeAE FWEE] f5w W
o] bR Qlate] At HE A UFof 22141 EEIAS =it
=

.
St Aow A Ark wep Ag BeEse) Sri

sUAFHEY FHEoR dA ARE AhHA Bl
B AR, AL BT FO% AEE 50l Fuo
FAFONAM T B A Ak o]w) FHO] FAAM el i
o] AAH o7 AA|sh= A M (stagnation point)e] AP}k

Fo] AL &7 Zow WG B, o] F e ¥wo]
Ui Aeksl S5 Aere] wto] o]LolAi AAWO R
28510 Ak AAEelNe] S5 Aol o] denrt
27) W] W pe] §4 LRE Asal P Fu E
Ao et g AalelA Hol oAz} wag.
=, BEsRH U] S0l 2lale] o) FAoA M
Waro % gake] gl o Fol 7 1, ole] mE i
39 g8l o] FARE oA, LEL Aol A
Agenr 37] UE ¥ Boe) AAers A5a |
TR FARe) VA Wk

FH = :
T AelA A8E SHAREE BAE 9 Aol 2
g COp 7hE FFAIR F5h] Slste] S5abA Altd

100 Nm*hrie] 2alo|t). o) BElAfH oA ek

]
#o] g, AFHOR FFAS Rel¥ = Yt BUAR
o] APl AT Aotk COE FHE FHAE Ao 2E
3} FAF Aol 18 BT HOm el WEH L, LA o)
ks Qe E WMo AL BT ZO2 wEHrh A
Zoz WEE ALY Zkat 399 J4goE Atgo) 7}
STk EE BEARNE B85 A ALEHE GO, B4

Ao A71E UFE F4E 5 3le o] itk @4 Co. &+

ot

rfo

U e



21, SEASHO| M7 o M

=" =
AT gl EEARRHL] P BEAE QYAdste
Be A dkAll7](vortex generator), A& &7 112 =75 X
gl TR, 1283 §3E 2PFE E2EWH(throtde
valve)Z Ao} gtk EEEMHE 112 7k &7 S0
]3| ¥ ] Figure 2(a)9} o] 95:9] B4-& skt 910w 60°
o] zHE 7 AL ek BEA A7) = FE 9l Al it

e £
i)
[
N

FOE 6719 kT2 7hEatglalL, ol Estho] H
Yol B4k & o] A48 e Fuo A3(D)E 7]
FOo2 129 WA (AR=4An/zD%), £2]9)2 %7 (Do) 4l
FHe] Zo|(L)F Table 13} o] A3tk 1714 An
Figure 2(b)ell ZA1E 67 =&5-9] & Wz o|r) & Ao

Inlet

Throttle
Valve

Cold Exit

Generator

Hot Exit

(a) Vortex tube

o

epth Nozzle

(b) Vortex generator and tube

Figure 2. Schematic diagram of the vortex tube.
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Table 1. Design parameters of the vortex tube

Parameter Symbol [unit] Dimension
Tube Diameter D [mm] 27
Nozzle area ratio AR [-] 0.12, 0.14, 0.16
Orifice diameter Dc [mm] 0.6D, 0.7D, 0.8D
Tube length L [mm] 12D, 14D, 16D
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Figure 3. Vortex tube.
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Figure 4. Schematic diagram of the vortex tube test rig.
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Figure 5. Energy separation Characteristics according to the
orifice diameter variation (L = 12D, AR = 0.14).
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Figure 6. Energy separation characteristics according to the
nozzle area ratio variation (L = 14D, Dc = 0.6D).
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