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ABSTRACT: The phenomena of energy separation in vortex tubes was investigated experi-
mentally to see the effects of the conductivity of a tube and convective heat transfer on the
outer surface of a tube. The experiment was carried out with different conductivity {pyrex,
stainless steel and copper) of a tube and three kinds of convective heat transfer modes (adia-
batic condition, natural convection (air) and forced convection {water}) on the outer surface of
a tube. The results were obtained that hot exit fluid temperature was highly affected by a
change of conductivity of a tube when the outer surface was cooled by the forced convection

of water. However, the cold exit temperature was little affected by heat transfer modes on
the outer surface in vortex tubes.

Key words: Vortex tube({ =A% B) Convection heat transfer(t]l 7983 9), Energy separation
(vl =42 2)), Conductivity(HEX)
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Fig. 1 Schematic diagram of experimental ap-
paratus.
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Fig. 2 Detailed cross-section of vortex tube.
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Tahle 1 Dimension of vortex tube and work-
ing conditions

Table 2 Experimental parameter

Classification Size
Tube inner diameter 10.0 mm
Tube length 340.0 mm
Dimension| Tube wall thickness 1.0 mm
Cold exit diameter 3.8 mm
Nozzle area 40 mm®

Pressure ratio : (.7 MPa
Working fluid : Air
Surrounding temperature : 25T
Inlet temperature : 27°C
Cold air mass flow ratio : 0.1—-0.9

Working
conditions

Tube Pyrex (1.09 W/mK)
material Stainless steel (15 W/mK)})
(conductivity) Copper (380 W/mK}
Adiabatic condition
Heat Natural convection{air)
tfj:jizr Forced convection{water) I (0.03 cr/s)
(velocity) |Forced convection{water) II (0.05 cm/s)
Forced convection{water)I(0.11 cny/s)

Z59 #¥e 23e FFA@E F4E

dolg] AMefe dHAdIZYH 225 Y& o
o)8 Y EFA(Netdag 2640A, @19} dlelEl & A
g3tn AFsr] Hste PCUADE ARt
A3, ALe2F P u2EFY 22E ZAHsH
A K2 9AdE 22t FAsdch. 436 4
48 HEARBE AP F dHve] ¥
R E Fig. 2¢ 2}

2 AP AMEY HbdARHE 48 HeEA
58 Model 2082 EYZ 3o Fro HAL
oo AAsgn HYAREpE §Eo08 A3y
He 208 e FHE 443 AdY, |
Hol o HFFuE ZHIE 22EPRE 7A
g} FH9 AAde go]dA(1.09W/mK), 2H
9l 2 7H15 W/mK), F(380 W/mK) 3F/9 FH
£ Zg Ay REAa5Be] drgEE B
diAfH ol AP HAEAHIE 2H}Y
0.7 MPaZ #A8tdel FAYF7IFF A A
229 AZFHEu(y)E REYxFH Fd 9
£ 2259R2 yo o] 01~09 HH7 HE
E zH3dlo Agsdr 2dxn AAedzds
Hdslz] 8] WAl 56cemel olz2d@oez F
A 7 (water jacket)E TEC} HELZFEHSL FR
o Aatsle 22 @Az dHEA Alg R
BRExEB el Ao AFFAL Table 13 2ok

22 Auy R B

Table 2¢ 2¥AAE veldcth ddel oA
TC-calibrator{FLUKE 741B)& Al83&<« "#q

E rR3EE, FFEEYAFIRAE FFAE B
Aatgrl, FNAx7| 9 THEHE ALY
HE2%He FFHE 45379 58 94
A Nz, )" (40 pm)t dIQEEIG pm)
B AHgsle dx 59 ogAE AAEH E
T AEF77 B ARR FEH ALY
ZA8A AYe] £UE  U=E SET B
dafHel 9o MHXF $2o gdFHo] 235
cm’d o) PYFSEe] 0.03cm/s, 0.05cmss 22
3 0llem/s2 HEE sl ZAsIEES 3
g} ojm B 2xE FHLES FYF BT
7t =% sg.

3. 4820 3 ¥
3.1 R ARHS ol Rl 5

Fig. 33} 4% 5359 Fe ode] Jdxdg
WAL o HE&ET FFHFFu|(y)el e
Fre AdY ne % ALETHALES UF
HAexs] 2 a7, AT E Jed 2ot}

Table 3€ Wdxzld & Fre Azd 1
LETFEEA AT, ALETFREREAAT,)Y
HAR( AT, , 6 T)E AFHez Yehigdz,
Table 4= Wd=x7e] @94 4 ¢4 &7
% A WEF( LT, ©E $dzid As
9 39 & 9 HEEFTY 2xAe HFF
(AT 4, 6T )78 Aol FFHoz g
et

Table 5= F2 Ao Fgold2d we] §]F
g &3 Atole] £Extel AFF AT, the
AAY Ao e ne 9 HLEF Alolg



FH4E - o¥st - A

0
Material : pyrex
5 |- & adiabatic
1 natura)

A forced {0.03cmis)
Y1 w forced (0.05cmis)
@ forced {0.11cmis}

m-ﬂ

AT (°C)
1

40 j I N I S N U N N |
00 01 02 03 04 05 08 07 08 09 10

y
(@

Material ; stainless steel
50 |- & adiabatic
O natural

A forced (0.03cm/s)

T m forced (0.05cmvs)
S | @ torced vt1cms)
Kal
=]

40 e 1 1 ) 1 1 L 1 1

00 01 02 03 04 05 05 07 02 09 19
Y
(b)

L -

Material : copper
" & adlabatic
[~ O natural

& forced (0.03cmis}
“F w forced {0.05cmis)
| ® torced (0.11cmis}

U o

15 f E

A (VRS S W SN B NN N B
e0 01 02 03 04 05 06 07 08 05 12

Y
(©

AT (°C)
T

Fig. 3 Hot exit temperature differences versus

cold air flow ratio for different cooling
modes and tube materials: (a)} pyrex,
(b) stainless steel, (¢) copper.
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Table 3 Mean temperature difference of hot exit and cold exit( AH]":;,, ATC) at different heat

transfer modes and tube materials (unit: T)

Conductivities | Pyrex( A"'ITP) Stainless steel Copper

Conditions (109 W/mK) | (150 W/mK) | (380.0 W/mK)
Adiabatic condition{ & T,) 2895 2854 2796
AT Natural convection{air} 28.28 28.02 27.78
d Forced convection{water) (0.03 cm/s) 1256 10.12 8.01
(Hot exit) Forced convection{water) (0.05 cm/s) 12.25 9.85 7.68
Forced convection(water) (0.11 cm/s) 1194 9.38 7.23
Adiabatic condition( & T,) —29.89 —2862 —2831
AT Natural convection(air) —2872 —28.52 —27.82

< Forced convection(water) (0.03 cm/s) -28.34 —2851 —2855

(Cold exit) Forced convection{water) (0.05 cimn/s) —28.46 —2853 —28383
Forced convection(water) (0.11 cm/s) —28.56 —28.92 —29.12

Table 4 AT (=4 T,—AT) of hot exit and cold exit when the reference heat transfer mode is

adiabatic condition (A increase, ¥: decrease) (unit: C)

Heat transfer modes ) ) Natural FOI’C&f'j Forcec} FOTCEf_i
Adiabatic . convection | convection | convection
condition COIlVE':CtJOIl {water) {water) (water)

Conditions (air) (003 cmy/s) | (0.05cm/s) | (0.11 em/s)
AT Pyrex - ¥ 067 ¥ 1640 ¥ 16.70 v 1701
% | Stainless steel - v 052 v 1842 v 1869 v 1916

(Hot exiv) Copper - voi8 | v19% | w2 | w2073
AT Pyrex - A 117 A (055 A 143 A 133
1:¢ | Stainless steel - A 0.10 A 011 v 011 v 030

(Cold exit) Copper - A049 | v ou | v os2 | v osl

Table 5 AT(= Aﬁ— A T) of hot exit and cold exit when the reference tube material is pyrex
{A: increase, ¥: decrease) {unit: )

Conditions Conductivities Pyrex Stainless steel Copper
Adiabatic condition - v 0.41 ¥ 095

ATg, Natural convection(air} - ¥ 0.26 ¥ 050

! Forced convection(water) (0.03 cm/s) - ¥ 243 v 454

(Hot exit) Forced convection(water) {0.05 cm/s) - v 240 ¥ 457
Forced convection(water} {0.11 cm/s) - v 256 ¥ 471

Adiabatic condition - A 1.27 A 158

AT, Natural convection(air) - A 032 A 035
‘< Forced convection(water) (0.03 em/s) - v 017 v 021

(Cold exit) Forced convection{water) (0.05 cm/s} - v 0.27 v (.37
Forced convection{water) (0.11 cm/s} - ¥ 0.36 ¥ 0.56
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Fig. 5 Efficiencies of vortex tubes versus cold
air flow ratio for different tube ma-
terials and heat transfer modes.
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Table 6 Temperature differences of hot exit and cold exit{ AT,, AT,) when the efficiency of

vortex tube is maximum at y=0.6 (unit: C)

Conductivities Pyrex Stainless steel Copper

Conditions (1L.O9W/mK) { (150 W/mK) | (380.0 W/mK)
Adiabatic condition 342 335 32.6
AT, (y=08) Natural ‘convection(air) 338 337 319
. Forced convection{water) (0.03 cm/s) 16.1 135 112
(Hot exit) Forced convection{water) (0.05 cm/s) 159 13.1 10.3
Forced convection{water) (0.11 cm/s) 15.6 12.7 10.1
Adiabatic condition —-27.3 —265 —26.3
Natural convection(air) -26.3 -26.0 —258

AT, (y=086) .

. Forced convection(water) (0.03 cm/s) —238 —24.1 —249
(Cold exit) Forced convection(water) (0.05 cmy/s) —246 —2438 —-25.1
Forced convection(water) (0.11 cm/s) —25.3 —25.4 —255
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