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Simulation of the Convection Heat Transfer in Tubular Heat
Exchanger

P. Mohajeri, MS. Student, Dept. of Mech. Eng., Ourmeyeh University
I. Mirzaei, Aso. Prof., . of Mech. Eng., Ourmeyeh University
N. Poor Mahmood, Ass. Prof., Dept. of Mech. Eng., Ourmeyeh University

Abstract: Concentric tubular heat exchangers are the most important devices and more than any other heat
exchangers are used in the industry. For concentric annuli , the “annular diameter ratio” parameter has an
important role in the study of heat transfer in this kind of heat exchangers. In this article, numerical results of
Nusselt number in annuli with a wide range of annular diameter ratios were compared with previous
experimental results. In addition, range of Reynolds number changes, that are obtained based on the changes of
hydraulic diameter, is intended between 4000 to 30000. In this study, Finite volume method is used for
simulating the tube in tube heat exchanger model. The equations used were the mass and momentum
conservation equations (Navier-Stokes equations) and the convective heat transfer equations. In numerical
simulation model used in this paper, the turbulence flow of liquid water has been used. Finally, after comparing
the numerical simulations with experimental results good agreement between these two results are observed.

Keywords: Convective heat transfer, Heat exchanger, Numerical simulation, Annular diameter ratio.



i€ 0 30888 )3 9. Rl w0 @ald (Syolgs

dodis —
35 sla 33 Lo puatecdil a2l S0 o sla 0 53 oyl QI o & e 03 Bl ) Ol S (65l
A3l g pls gla ks 5 Ol Sl (gl 03 1S easions G 3 S gl w0 b Sl Jll 5 Sha g sde ) 2 6l
o sle il s ol als sl U Bl sl S S ledas SRl e peiies alal; S rdls ol 4 S el

Wl ol only isled ) Jade 3 g ge el sl bl 5l (gl asdlr SGias 555

B s 45) B pls S a3 Cod Sl il ¢ 35y e LG g sde e (sl oS e sleiy Vsl Sl 6ok

[T]asb o ol sde 5 55, sde o (Gl « Dy s ) 51 b o)lps a3 655« Dy (ol a5l st o)l
a8l sde 5 sl ekl s &S B3 sl s sk o b OF ele Jbw oS Al 6l o) Jsdr 3 5 e Ll
il as asmse Jalyy ol ) ISE @ ar 5 L osn S e edalin ) ISS 3 a8 il el anlie UK Lol s BV Y
sFoust Wolee da o i Ko boaslie ndoled o o i Shag ade Gl p 1 ot S0l 5ugn ) e s il 58l
 Christian 3 Foust o o Gl Lol OVslee [Sos b osline bl sy, oy sde oo i 3 [2]Christian

AL e LY spde s Sle ol o i ol b el g i olie D

[3] sl &L?QL?C.’U‘}S,‘FA 2l 50 Cha gl sds dlons gl p OYe o 545 90 DYl 1 (V) J g

Author(s) Correlation Diameter Ratio Range  Reynolds Number Range - Medium
: 1

Davis *Nup, = 0.038a" (g - H“-]Rr?j': Pr-‘tp% B LI8-6800 Not specified All mediums

) '
McAdams Nup, = 003105 (@ — 1P2RGEPIEME ) 118-6800 Not specified All mediums
Foust and Christian Nugy = L Refjh 4 M 12184 3000-60000 Water

1
MeAdams Nup, = 0.023Refpy Pri (2 4 (4 Not specified Not specified Not specified
Menrad and Pelon Nup, = 0023 2e=tel jjelit pye (5) 16524517 12000-220000 Water Air
=

Wiegand et al Nup, = 0.023a"5Refyf P11 (6) 1-10 Not specified Fluids: “m;“i

= = Slyatgr
Kays and Leung Results listed in tables for various conditions 1-4 10*-10* Not specified
Pewkhov and Rizen  *Nup, = %“;_”‘uau’-}jf (M 1-143 liH-3 = 108 Air

-3

1475 06
ﬁ—L+r.:Lm) forg =3

with !
L=1 fora=3
Dittus and Bogher Nupg, = ().D!.‘thj): e (8)  Not specified Not specified Not specified
|
Stein and Begell Nup, f = D.[]ZOI)(E"--‘Rc%f{Pr; (G) 1232, 1463 1L6%  30000-350000 Water
A
Crookston et al Nup, = 0.023a2 ]h‘i‘ Pl (10y 10, 16,31 17000~ 100000 Air

23 Lo gasar oo sla osls 5 35 Dogline Ol bl 4 sl (S 515 55y il Lailsy e a5 (o5l DL

) oxgioms 5l ey pls gla lad o 51 (gl 03 208 03 5uoms gl als) Sl (ol e 53 AL (551 Dol lallas o peast

gl ¢ s S5 Jl sla S35 5l 81 03,28 i o ol add gl il Jale SV (sl 5 PAY
el ol o S8 s JalS O S Laly, 05 S

S S S LSS e s alss 53 Sl JUE (s 85 Alals S0 sy 4 45 (gl Alhe et ol sla s 0

525 oVsnF Ol o ol e 5o s slel B35 s Gl sl Dol W ede s S5 e 5 Gl

el 4ty A3l e Of ele Jlw oS 550



510 oo Sl (I)hs Sladsis ) (Al S JEI) s3ac (sHunabs

140

120

100 -

80 -

N VTS RCR VS

60

40 -

20 ‘ r
3500 4500 5500 6500 7500 8500
Mgy das

== Davis Eq.(1) —f= McAdams Eq.(2) == McAdams Eq.(4)
= Dillus-Bueller Ey.(8) w—Q=Monrad & Pelton Eq.(5) =f= Stein & Begell Eq.(9)
——e— Foust & Christian Eq.(3) —A—Wiegand etal Eq.(6)

A3l e jl g, sde 5l b &S () Jgda e) cla g sae Ll 5 cile sl oo B (V) S

(CFD) lubwe oVl Snlys oS b (g348 (5500 40— Y
oo 3l dae (3l ad gl Eom cpl o3 das e OLES ) el el sslizad lie cpl 3 &S Y s Je oS (Y) S
ol Jast SVsles 5 (a8 il b SVoles) oy go Wi 5 02 Uiy S¥sles 1 pand 3l 03 g5 03l (FVM) 5 50s o
ol 4 S 5 55 edee VY O Jsiw e s el Vo Jsus A S Jabicid sdd eslinal g3l and pl 3 ol 4 s

B r s 5 e Jsb 5 VI (S50 5 S iy B gr ke VA s ) s a8 e 5.

Li o olns Glpan S i pasie b Sopshe 5SS e gl AL e Rl 005 ol and

3505 Sl 82358 Si e 3K g 3o ol 51 I 0L s Sl JESl s b o Jlesel 1 65l 035 SSLLST
o oS peas B o 0l 4 S Ll s 35kl 2 sladse (e s 3 s el 03 w8 B 3 0 8 55 O
w1y 2ol Jl bl B st o 0nls H13 Jpame b syl (sla ol 53 755 51 e 53 357 50 sla o)ls a0 AL 0L
Gl (BN &5 € 5 Vs i @35 KV K€ V) 5 Je 51 5le ad ol 3 e D3daly e 3 39 50
Va8 i S ) 5 TKE S Sl s Ol e VS el 03,5 3505 (51 el 63 50 el VU 5 slas

el ol oslanal iV gy 65 Dl 05 S 54l gl p32 w038 3l ol and ol s andl s sed eslanal M a5, LM Uk

03500 (3ol (ot Jlw O 53 SSLLST (650 b b 8.8 3 53 L1y Jde s st s ¢ (bt ol 3
and Gl cOWIYFeenn Ltls Jlw (g5l and (sl oS c il o0 YAY v (g5l and il 5o a1 sla Oldl ST jluda !

)crslS YOO Sl Jlw slos ol o a S ol 55 LIV eve s ol Jlw (g5l and sl 5 OLIIYYrer e d ) (5l



0 30886 )03 9 .1 l)ps O cald (Syoles
S0 a5 Vs ds sl gl s el sl a S a5 AVe)Y (Kg/m3) o J& 5 (LSl a3 AY
&?Qbff):gjﬁbwwb'w};U)éb})j)}dbdlﬁfﬂ‘f@ .w\eﬁwﬁjﬁ)b '/"'Y(m)QTJ‘}L)
S o lasl s i wlin 1) iV 50 ot ¢ sl Wy 3 5o 0 Jlow OL oz Sl (o (SBL anv 5 @ 553
e Colos w0 (53555 sb Cand 4l lp @15 53 S o 3 /e YO (M) 5 esls Jalsl ST Jsb &S ol

Sled (pad 53 eitls A dy s bl Jgb OBl Al s wlle ol 5 A Ayl 5o Jbw 0L sl 2 ,e

il e 989/Y (KGIM®) of I 5 (Kl am s V0 ) o slS YAY tls ) 6l 635,5

i
"

il

it

(03
2
i

i
S
"
o

L

Y
e
"
R
“‘
2
3

A
{1\
0
\
‘,

)
N
B
W

\

W
W
R

\

CFD 6}\.« 4.::.\5 PER R salatwl AS.:-:' «(Y) JS-:'

OADY ATYFO 5wl 4 S s 55 otls g s 35 ge Jlw sl 4 (30 55 sldel o ploil sla (3l a3

CIVIVCS 5 4l 43S s st g s g se Jl sl & (3 s slel e 5 en 4 L e FROYY  YYROY
5338l s Vo ot g gl s ol Kl s AY s A gl oo sles LBl e YYYOS 5 YOS (AYYO
o gazme &S ol 43 8§ oy s bt g slaslsu, bl e Sl ¢ s Sl sde e sl gl ol a8 S L

Ll 4 Sy o il and o3l
Al e 0N J»“)\fJ:bjﬁ&:ijltﬁdl.]a;'-})@;d»'c)f)l;'-}db'-l:a.ib—ﬁdgﬂob_ﬁwé)lfdiaj&

Sieder [8]. Dittus-Boelter [4 JLls, 5| o e @ L (CFD) Slabe oV Salus 5ol ams Sl i sl
paia ¥ SE 53 oS hailes il e OYS ede] s gl o Kle 5 ol oa 4slis Tate and Petukhov [7]

Al o8 s s SOl Ml lyls LS o @L“Jl{wu.aﬁwlhﬁ REUBY odal s (S3de G;_L:l sl

L oolgny slasl 5 o pls sla Jlas ol 5l (gl 03 208 ongdoue SOy ¢ Wl ol o el s (3Ue CL:; (ol esdle
sde g Wore 5ulgysde oS I sl o F S 55 dped Sl il edis S aslis (V Jodr ) s aJqu,\{‘j\._éaSJqu)

3o sl o R (Y0 ;.LoU,‘—su;-)&;_.-jswﬂbdujh:ewdlﬂ.w\w&w(_pu@u‘.up@f/?v Jel



510 oo Sl (I)hs Sladsis ) (Al S JEI) s3ac (sHunabs

Y10 s5dm 55 nls Slahd Lond 3 remen 30l S LB o5 McAdams[10]  Dittus-Boelter Ly L ois ol
05 7S 03 5doen 53 oS o2l e gl e bl Sad BB SlgFeen Stein and Begell [9] sk, L csue zb
el dalpt b ¥ IS 3 5 se l5 e b alie (s ss 0 slisl 5 5050 slasl 5l gl

250

200 -

150

._",.l...;gi SAs

100 A

50

0 T T
0 10000 20000

PENCPREE

30000 40000

e mls —— e

\/0 éﬁﬁ‘J#‘:‘f‘Jd‘ﬁ @J"J @L’J}d.}dﬁ @L’J 4-.«-1\-3.4 (“)JS-&

200

180

bigi SAs

80 -

60

40

e

| emm@Current Study

——INcAdams

—3—Dittus-Boelter
——f—Stein & Begell
e\ iegand et al.

—B—Davis
——NMcAdams
=—E—N\onrad & Pelton
s Fgust & Christian

6},3‘.\#&7«00‘”36)‘ ob}:mf 03 gdowe 43 538 ¥ h.g‘jjlfﬂb Jlae 6""’4"‘.“.";)1.'54“'.‘.&" (V)JSJI



A 0 30888 )3 9. Rl w0 @ald (Syolgs

S8 s Y
b el el Sl e ples 3 ol 4 b Sl JUl 6 s el sdalie by e il &S 4 S0les
s Dittus-Boelter Ly, L Ss5 Slpes sode mli « Y0 5l S ol gla b Cond 55 ol anls "(55 00
2ol Jss LB s Stein and Begell b, L ssae = Son ssnls gla ks cod sl s MCAdams
Sl 5 Sis
wils |y S5 WS ssame s 30 55 5 e gl 555 OLBT s o sla alesal, Sl wls o oty 355 ol

31 g0 e el 28 Ll e s gla plaialy D5 45 (L

8‘ ¥
1. Bejan, A. (1995). Convection Heat Transfer, 2nd ed., Wiley, New York.

2. W.M. Kays and E. Y. Leung, Heat Transfer in Annular Passages—Hydrodynamically Developed Turbulent
Flow with Arbitrarily Prescribed Heat Flux, Int. J. Heat Mass Transfer, vol. 6, pp. 537-557, 1963.

3. B.S. Petukhov and L. I. Roizen, Generalized Relationships for Heat Transfer in Turbulent Flow of Gas in Tubes
of Annular Section, High Temp., vol. 2, pp. 65-68, 1964.

4. R. B. Crookston, R. R. Rothfus, and R. I. Kermode, Turbulent Heat Transfer with Annuli with Small Cores, Int.
J. Heat Mass Transfer, vol. 11, pp. 415-426, 1968.

5. J. P. Holman, Heat Transfer, McGraw-Hill, London, 1992.

6. Kays, W.M., and A.L. London: “ Compact Heat Exchangers” 2™ Edition, McGraw-Hill Book Company,New
York,1964.

7. Kakac, S., and Yener, Y. (1994). Convective Heat and Mass Transfer, 2nd ed., CRC Press, Boca

8. Raton, FL. Baclic, B. S. (1978). A Simplified Formula for Cross-Flow Heat Exchanger Effectiveness, J.Heat
Transfer, 100, 746-747.

9. Baclic, B. S., and Heggs, P. J. (1985). On the Search for New Solutions of the Single-Pass Crossflow Heat
Exchanger Problem, Int.J .Heat Mass Transfer, 28, 1965-1976.

10. W. H. McAdams, Heat Transmission, McGraw-Hill, New York, 1954.



