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Power = 8.0 kw, Total Flow Rate (Two Compressor)

Thermocouple Thermocouple Temperature Output Air No. Nozzle Inlet Position
Number Position (cm) () Position (cm) and (cm) and Flow Rate
Temperature (° C) (m’/hr)

T1 z=9 154 Outl z=33,T=132 Nozl Z=15, F=50.7
T2 z=25 217
T3 7=41 256 Out2 z=66, T=157 Noz2 z=48, F=45
I 7 286 Out3 =99, T=152 Noz3 z=81, F=57
TS =73 259 uts z=25, 1= oz3 z=sl, b=
T6 z=89 265 Outd z=132, T=166 Noz4 z=114, F=50
T7 z=105 263
T8 7z=121 279 Out5 z=165, T=157 Noz5 z=147, F=52
T9 z=137 280
T10 7=153 303 Out6 z=190, T=165 Noz6 z=180, F=51
T11 7=169 244
T12 7=185 284

Total Power Lal i 515 L3l 5 5o 05 slod (29 5 (o> lsa 58058 8)lma @oba dans ) s @l oY) dous
=10.0 kw, Total Flow Rate (Two Compressor)

Thermocouple Thermocouple Temperature Output Air No. Nozzle Inlet Position
Number Position (cm) e Position (cm) and (cm) and Flow Rate
Temperature (° C) (m’/hr)

o il Y Outl z= 33, T= 142 Nozl Z=15, F=45.8

;31 Ej;; ggg Out2 z=66, T=162 Noz2 z=48, F=41.2

?2 ;2;3 %22 Out3 z=99, T=159 Noz3 z=81, F=50.1

?; ;jg? g% Out4 z=132, T=185 Noz4 z=114, F=50.1

glg() ;jgg %éz Out5 z=165, T=163 Noz5 z=147, F=52.2

m 0 el Out6 7=190, T=174 Noz6 z=180, F=48

Total Power Ll 5150 Led5b 51 sas05 slsa (09 5 as0n 12 5 2558 olses Suloa a0 088 @B (V) Jssa
=8.5 kw, Total Flow Rate (One Compressor)

Thermocouple Thermocouple Temperature Output Air No. Nozzle Inlet Position
Number Position (cm) e Position (cm) and (cm) and Flow Rate
Temperature (° C) (m’/hr)
Eé ZZ::295 g(l) Outl z=33,T=153 Nozl Z=15, F=23.6
Ei Z; %g% Out2 z=66, T=176 Noz2 z=48, F=21.1
$2 ;z;g %;g Out3 z=99, T=170 Noz3 z=81, F=33.7
E; ;:g? %gz Out4 z=132, T=221 Noz4 z=114, F=28.2
Fl:l"190 ;:g 5?411 Out5 z=165, T=172 Noz5 z=147, F=29.6
¥B ;jgz 38471 Out6 z=190, T=190 Noz6 z=180, F=28.2

#1
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=7.5 kw, Total Flow Rate (One Compressor)

Thermocouple Thermocouple Temperature Output Air No. Nozzle Inlet Position
Number Position (cm) ) Position (cm) and (cm) and Flow Rate
Temperature (° C) (m’/hr)
T1 7=9 154 Outl z= 33, T= 138
T2 z=25 209 e
T3 7=41 224 Out2 =66, T=160 Nozl Z=15, F=23.6
T4 7=57 271 e n
TS 7=73 250 out3 z=99, T=154 Noz2 z=48, F=21.1
To6 z=89 258 _ _
T7 2=105 227 Outd z=132, T=196 Noz3 z=81, F=33.7
T8 z=121 268 _ _
T9 7=137 228 Out5 z=165, T=156 Noz4 z=114, F=31
T10 z=153 289 _ _
T11 7=169 243 Out6 z=190, T=172 Noz5 z=147, F=22
T2 z=185 270 Noz6 z=180, F=18.6
- A _a- - Q@=7.5kwat *F

I
/ —a&—— Q=8.5 kwat

30

N N
o o
LU PRI (LA LA NNLILANLANL A LI N L NN BN B

Local Nu Number
o

0
R= r/d

bl sae (595 2 (Soloa ls A1) S

i € wl o cowns T/d= 14 sae 3 g3 way o ¥ MM
0% sagee s s SI s aal e 38 as )
S R 5 in ol @ e b 5t S
Loy B ol aneadl g0 53 508 wae ol S) el YYem
s G SO0 LhE b aay 5wl e dals ool
slaca Lol g, cplmly wl oo e 1/d=00 suc 45
soosas slia O Glull Gl wsiie assa
02 Oaed WS e ol slilas 5o g0l slea
dals 5 Job ki o So S ale 4 S ol sus
che Olee eosS Oh3 L dnlie o aplse B o
Los S 5k cowe o o 58 gl 1) WH5a 0

—A—— Q=8 kwat
— —#— - Q=10 kwat
—-—4—-— Q=14 kwat

40

35F R

Local Nu Number

W\}ACALJLJACGJJ\)JCAAJJ\HJJAC\):‘(O)@

sl Gl )50 5o S s g G sl

o A 51 Kaie multiple jet K ol ks saly
Slialas Lo oS wde gl ol oS 5o sl e
e Ko s baoa pie JALS 31 il
S Lol (i & ol ol olalas Lol w,S )3
S S /A<y dals o gassas o
o3 o dla oo (B8] o e Lma SOV Y]
A S &y o s slass 5 o5y baae g sl 455 S
ligan S 5l Lha alols il pud sl
Lol sl ol oy aan 5 asd o VY/ocm
o Job Hhd b g sae Gl S s aal A o/Vocm

Y



PO b00 axio (1 VAA) F oplods (5l 0995 ssilwlds (wtio 5 2 ole dgpiis £ iliwls .

Ploso s i 5o plenes (ol S0 o S3ely ol sie
59 el el st sualitie Ly Lo aalllas 550 (55la
s Los 58 e LB 31 sedianglas () S
Sued Sualsend als sl gl s 2l
pesad 4 R=-=2624 4,0, saab g
S ge s JSb Gl ol T 3 5558 sl g8 o
09 85 4 oboa s e S dhald (il &S
JES) GhalS G w508 50 sals Ol caway g0 (s
age el WS ee ool s sles ilnEl 5 ol
concal 0t iyt llie 5l 5o LG ol sl gl 4 5K
goame sia b LEN = [(rT +57)/d any s Jsb
> sl asod 5 s sl Sl Jealsd Sl
BB 3 € el (R =£L‘-2ﬂ ) (§9555 53 Caeud 50
Loo 088 90 o2 (V) S GBalles (5l Lae 5 4 8
el B dels 4 Bl oo gt go Gl aas e LES

o olalllas T iludas € aal Glsa a3y

b ol

350
300
250
o 200

F 150 —+— (=8 5kw , Re=27000

100 —=— Q=10kw ,Re=27000

50 —ik— Q=14kw ,Re=27000
0

0 50 100 150 200
Z(cm)

slos 2055 590 2 Sl OIS olwss 31 (V) JSa

é‘)‘xd

330 -
305 -
280
255 -
230 -

~205 4

2180 -

B 155 4
130 - —+—Q=85kw,Re=13500
105 +
80 - —=— Q=8.5kw ,Re=27000
55 4
30 4

0 50 100 150 200
Z(c)

sLes (255 530 22 Salsi sae il 31H(A) S

b\)‘\)ﬂ.}

43

obE LT oo gl e Sudh il cuaadly @ a8

é‘)‘xd B oKy sud das o dals 5 sad A o
D
K] E=\~/’\ s sugdae S oo aa skl

L
L phw ol bl oo b aab o €=\‘—\~
Oﬂ‘)dbdul.u‘d)yégl.uJ‘)dLo‘.d‘)sué‘)éclaﬁam
s Yo-Y.cm oKy b3 ¥ mm J,U0 jkd (3.8a3
L D
E JE GWJY/Ocma&JUJJUMB

-D L

BNy mhai Gusd 31 Gl e S ol S5 S
6ol wosa s saaal sla Suuys Ho Gulls e
(0) S8 oS ol Haeal BB 358 slapionn Gl
e Ko Gl Lo s e olas 1y ol 31 gl ga
s 3 g Bl o Halg sae S0 gl e
ols 358 5 gl (Su3s Ha 85 ol JiEm
BB 3 e S es S Gaos Sola ol s
(%) JSit <SS shilen Lol ayls oslson slos s s
Sy wols ol sae s Shia 51 aas e olis
JEB 568 @ olis B 5 e 1) sad saaline &l yuas
ans Sy oslie glagls so dads ool
oo ails Gl asds s Jhw palsa 5 ol
5 (V) sladsa Ho Ssla ol Glalyl 586 Seels
Ol Luas 3 (V) Ka ol sad sols Glas (A)
bsgie Hal s,y oo eslssa sles mi s s 2 Sl
oo Olss iulel JSE ol o aas o GlEs |, culs
slse 5o Los o Kaall Ly elimdd o oSS
(A) JSt o 4 e 5o o Sise o,sS ol Cilids
e L8 o5l a0 sles (95 2 s, dae suis i
O ol swsa S Alins sl ge oo Lo ) San @l yuds
9 SRS Mo pae gedias LIS Wl e psdse
Oso3 i (S Kl ol a JED) aliu a0 508
B8 A o Wl g3 0w g 4 wEL Al Gl 8, S
“e osa o BB (Ko e S0 olus s b S
Lol spd oy dsiie slaca glawl,] wlae wlg
Al glasielily 3wl ol 5 Sose b

L () oo slagasoa B cualse danl s i



PO b00 axio (1 VAA) F oplads (sl 0995 ssilwlds wtio 5 2 ole dgpiis £ iliwls .

—e— Q=8 5kw , Re=33000
—=— (Q=10kw , Re=33000
—a— Q=8 5kw , Re=19000
—8—Q=14kw ,Re=33000

T (C)
oM W
Lo~ O
=B =1

T (C)

W

30 32 34 36 38 40 42 44 46 48 50

LEN

8,139 585 9u s e Jalas Jsb J31:(V-) S

[2] Sparrow E. M. and Wong T. C,
“Impingement Transfer Coefficients Due to
Initially Laminar Slot Jets, Int. J. Heat. Mass
Transfer, Vol. 35, No. 18, pp. 597-605, 1975 .

[3] Al-Sanaei S., “A Numerical Study of the
Flow and Heat Transfer Characteristics of an
Impinging Laminar Slote-Jet Including
Crossflow Effects”, Int. J. Heat. Mass
Transfer, Vol. 35, No. 10, pp. 2501-2513,
1992.

[4] Javadi A., Javadi K., Taeibi-Rahni M. and
Keimasi M., “Reynolds stress turbulence
models for prediction of shear stress terms in

cross flow film cooling — numerical
simulation”, 4h International
ASME/JSME/KSME Symposium on

computational ~ technology = CFD)  for
fluid/thermal/chemical/stress ~ systems and
industrial application  August, 2002, Hyatt
Regency, Vancouver, Canada, 2002.

[5] Dukle M. N. and Hollingsworth D. K.,
“Liquid Crystal Images of the Transition from
Jet Impingement Convection to Nucleate
Boiling Part I: Monotonic Distribution of the
Convection Coefficient”, Exp. Thermal Fluid
Sci. 12, 274-287, 1996 .

[6] Gordon R. and Akfirat J. C., “Heat
Transfer Characteristics of Impinging Tow-
Dimensional Air Jets”, Trans. ASME J. Heat
Transfer 88, 101-108, 1966.

—+— Q=8 .5kw , Re=33000
—B— Q=7 5kw , Re=19000
—i— Q=10kw , Re=33000
—=— (=8 5kw , Re=19000
—— Q=14kw , Re=33000

340

320

300

280

260

240

220

200

180

3 5 7 g 1 13

-

S (cm)

8ol538 slos 2555 o0 oo 2lse () JS

R=r/d=8£1 (55,53 53 ol gopa ol g 5o

S pax =Y
3 GO Sogas s,5a s glaca o)l Jlml
claolins LS, ol 5o wof dallhe asal
iy b glolgul gl S Jola € al&iule]
b S e slen sladila Jolt € le S Sl
5 oad il s pabb wud S50 @olass @l &
aal ol Gais aaly oliae oK op) wd e
YVeer 5 AY0 - Salsi; sue g8 Lo gaanie olinbe)y]
ssias oLl b .sad alasl Gihiae lagls by
> 8l sLdOb pwsia cualse 5 Jbw Ol 536
S50 2 29~ pdse da s BB L8650 5 o s
el cwl oola JES Gl 5 ool dans piss
29 0L Calsl 1o S (5 K00 age SReloly 586 (i A
gyane oda b ans b 5 ol sad iy 5a3 i ol
08 oo » 1o cl a5 aal Bl Jal g s

&2l
[1] Ashforth-Frost S., Jambunathan K.,
Whiteny C.F., “Velocity and Turbulence
Characteristics of a Semiconfined

Orthogonally Impinging” Exp. Thermal Fluid
Sci. 14, 60-67, 1997 .

141



PO b00 axio (1 VAA) F oplods (5l 0995 ssilwlds (wtio 5 2 ole dgpiis £ iliwls .

[10] L. Huang and M.S. El-Genk,” Heat
Transfer of and Impinging Jet on a flat
Surface", Int.J. Heat Mass Transfer, vol.37,
No.13, pp.1915-1923429., 1993.

[11] R.J. Goldstein and A.l. Behbahani
"Impingement of a Circular Jet with and
without Cross Flow”, Int. J Heat Mass
Transfer Vol. 25, No. 9, pp. 1377-1382, 1982.

[12] D.H. Lee, Y.S. Chung, M. Kim, Techical
not turbulent heat transfer Irom a convex
hemispherical surface to a round impinging

jet, International Journal of Heat and Mass
Transfer 42,1999 pp.1147-1156.

[7] Korger M. and Krizek F., “Mass-Transfer
Coefficient in Impingement Flow from Slotted
Nozzles, Int. J. Heat Mass Transfer 9, 337-344
1966.

[8] Elebanna H. and Sbbagh J. A., “Flow
Visualization and Measurements in a Two-
Dimensional Two-Impinging-Jet Flow”, AIAA
J.27,420-426, 1989 .

[9] Gosman A. D., Pun W. M., Runchal A. K.,

Spalding D. B., and Wolfshtein M., “ Heat
Transfer in Recirculating Flows”, Academic
Press, London, 1969.

Experimental and Theoretical Study of Impinging jet heat transfer in separation

processes

D. Bastani

Associate Prof. of Chemical and Petroleum Engineering Dept., Sharif University of Technology .

ARTICLE INFO

ABSTRACT

Article history :

Received 23 November 2008
Received in revised form 6 May 2009
Accepted19 May 2009

In this research, heat transfer of impinging jets in
separation processes was studied theoretically and
experimentally. The experimental set up was similar to that
applied in industry. The system consisted of a cylindrical

furnace equipped with an electrical coil which was cooled
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Reactor

with six circular coils each connected to eight 3 mm
diameter nozzles with a 2.5 cm interval from the wall. The
experiments were carried out in two different Reynolds
numbers 13500 and 27000 using 7.5 to 14 kW power. The
geometry of the system and experimental design was
similar to a multiple impinging jets on a curved surface.

The studies showed that due to the distances between jets,
nozzle to furnace diameter ratio, and distance of the jet
from the wall to furnace diameter ratio, the direct effects of
jets on each other and curvature of the impact surface on
heat transfer could be neglected and the system could be
assumed as a set of single set on a flat plate. The results
also showed considerable effects of the outlet flow
location on the temperature distribution. Another important
parameter which was defined for the first time in this work
was the dimensionless length from the impact zone which
has considerable effect on the temperature profile.
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