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ẁv u=ty w Q=m p=}U u=wvax@ =wy |=Q@ =yvD w CU= Q[=L Q=m R= pY=L Q=Wi

105



"""p
O@t

|xr
wrp

N=O
QO`

v=tu
=QwO

QF=|
@QH

D|
xar=]

t&K CQ=QL xHQO %T
&l =m]Y= ?} Q[ %f

&ROrwv} Q OOa %Re
&CrU=v OOa %Nu

"xk}kO Q@ QwO %rpm
=yO=tv Q} R
&|rN=O %i

&|HQ=N %o
&=wy %a

&h=Y %s
&C@=F %f
&xrwr %p

&Q=w}O %w
&u=QwO %r
"lr=@ %b

&kW=m2 CQ=QL p=kDv= ?} Q[ %h
&kW=m2 |rm CQ=QL p=kDv= ?} Q[ %U

&Pa =wy CtU Q=Wi hqDN= %�P
&Kj=kg:k C@=F Q=Wi QO xS} w |}=tQo C}iQ_ %Cp

&m2:k=w Ctw=kt C@=F %C
&W xOW xrO=@t CQ=QL p=kDv= %Q

&� |DQ=QL OQmrta ?} Q[ %�
&m xrwr pw] %L

&K |tD} Q=or \UwDt |=tO hqDN= %�Tm
&w=m:k CQ=QL p=kDv= ?} Q[ %K

&m2 pO@t |DQ=QL K]U %A
&|v=QwO CaQU %n

&m2k=w |DQ=QL |rm Ctw=kt %Rt
&m3=s =wy |tHL |@O %Q

&kg=s |tQH |@O % _m

=yCWwv=B
1. Al-Obaidi
2. twisted tapes
3. Virgilio
4. Promvonge
5. Nalavade
6. Verma
7. Suri
8. sharafeldeen
9. wire coil
10. Kamboj
11. divergent-convergent
12. Cheng
13. Yadav
14. vortex
15. �n
16. Bartwal
17. hi
|xrwr x@ C@Uv xrwr pN=O QO |v=QwO `v=t |Q=Po}=H Cr=L QO CrU=v OOa C@Uv "18

"x@=Wt \}=QW QO `v=t uwO@
QO xOW |Q=Po}=H C@=F `v=t =@ C@Uv |v=QwO `v=t Cr=L QO CrU=v OOa C@Uv "19

(Nur /Nuf) x@=Wt \}=QW QO xrwr pN=O
x@ C@Uv xrwr pN=O QO |v=QwO `v=t |Q=Po}=H Cr=L QO l =m]Y= ?} Q[ C@Uv "20

"(fr/fs) x@=Wt \}=QW QO `v=t uwO@ |xrwr
xOW |Q=Po}=H C@=F `v=t =@ C@Uv |v=QwO `v=t Cr=L QO l =m]Y= ?} Q[ C@Uv "21

"(fr=�) x@=Wt \}=QW QO xrwr pN=O QO

�References� `@=vt
1. Bergles, A.E., Techniques to augment heat transfer,

Handbook of heat transfer, (A 74-17085 05-33) New York,

McGraw-Hill Book Co, 1973 pp. 10-1 (1973).

2. Bas, H. and Ozceyhan, V. \Heat transfer enhancement in
a tube with twisted tape inserts placed separately from
the tube wall", Experimental Thermal and Fluid Science,
41, pp. 51-58 (2012).

3. Bhuiya, M.M.K. and et al. \Performance assessment
in a heat exchanger tube �tted with double counter
twisted tape inserts", International Communications in
Heat and Mass Transfer, 50, pp. 25-33 (2014).

4. Bhuiya, M.M.K. and et al. \Thermal characteristics in
a heat exchanger tube �tted with triple twisted tape in-
serts", International Communications in Heat and Mass
Transfer, 48, pp. 124-132 (2013).

5. Eiamsa-ard, S., Kongkaitpaiboon, V. and Nanan, K.
\Thermohydraulics of turbulent 
ow through heat ex-
changer tubes �tted with circular-rings and twisted
tapes", Chinese Journal of Chemical Engineering, 21(6),
pp. 585-593 (2013).

6. Promvonge, P. \Thermal augmentation in circular tube
with twisted tape and wire coil turbulators", Energy
Conversion and Management, 49(11), pp. 2949-2955
(2008).

7. Kongkaitpaiboon, V., Nanan, K. and Eiamsa-ard, S.
\Experimental investigation of heat transfer and turbu-
lent 
ow friction in a tube �tted with perforated conical-
rings", International Communications in Heat and Mass
Transfer, 37(5), pp. 560-567 (2010).

8. Kongkaitpaiboon, V., Nanan, K. and Eiamsa-ard, S.
\Experimental investigation of convective heat transfer
and pressure loss in a round tube �tted with circular-ring
turbulators", International Communications in Heat and
Mass Transfer, 37(5), pp. 568-574 (2010).

106



2|
xQ=t

W'
36

�3
|xQ

wO'
�13

99
R}}=B

�h
}QW

l}
v=mt

|U
Ovyt 9. Gunes, S., Ozceyhan, V. and Buyukalaca, O. \Heat

transfer enhancement in a tube with equilateral triangle
cross sectioned coiled wire inserts", Experimental Ther-
mal and Fluid Science, 34(6), pp. 684-691 (2010).

10. Promvonge, P. and et al. \Thermal performance en-
hancement in a heat exchanger tube �tted with inclined
vortex rings", Applied Thermal Engineering, 62(1), pp.
285-292 (2014).

11. Eiamsa-ard, S. and et al. \In
uence of combined non-
uniform wire coil and twisted tape inserts on thermal
performance characteristics", International Communica-
tions in Heat and Mass Transfer, 37(7), pp. 850-856
(2010).

12. Promvonge, P. and Eiamsa-ard, S. \Heat transfer in a
circular tube �tted with free-spacing snail entry and
conical-nozzle turbulators", International Communica-
tions in Heat and Mass Transfer, 34(7), pp. 838-848
(2007).

13. Zheng, N. and et al. \Numerical simulation and opti-
mization of heat transfer enhancement in a heat ex-
changer tube �tted with vortex rod inserts", Applied
Thermal Engineering, 123, pp. 471-484 (2017).

14. Vahidifar, S.K.a.h.r.o.m.M. and Mamoueian, M. \Ex-
perimental and numerical evaluation of heat trans-
fer enhancement in tubes with obstacles in turbulence
regimes", Mechanical Engineering, 31.3(1), pp. 65-71 (In
Persian) (2015).

15. Sheikholeslami, M., Gorji-Bandpy, M. and Ganji, D.D.
\Experimental study on turbulent 
ow and heat trans-
fer in an air to water heat exchanger using perforated
circular-ring", Experimental Thermal and Fluid Science,
70, pp. 185-195 (2016).

16. Sripattanapipat, S. and et al. \Numerical heat transfer
investigation in a heat exchanger tube with hexagonal
conical-ring inserts", Energy Procedia, 100, pp. 522-525
(2016).

17. Ibrahim, M.M., Essa, M.A. and Mostafa, N.H. \A com-
putational study of heat transfer analysis for a circular
tube with conical ring turbulators", International Jour-
nal of Thermal Sciences, 137, pp. 138-160 (2019).

18. Al-Obaidi, A.R. and Sharif, A. \Investigation of the
three-dimensional structure, pressure drop, and heat
transfer characteristics of the thermohydraulic 
ow in a
circular pipe with di�erent twisted-tape geometrical con-
�gurations", Journal of Thermal Analysis and Calorime-
try, pp. 1-26 (2020).

19. Virgilio, M. and et al. \E�ects of 2-D and 3-D helical in-
serts on the turbulent 
ow in pipes", Experimental Ther-
mal and Fluid Science, 110, pp. 109923 (2020).

20. Promvonge, P. and Skullong, S. \Thermo-hydraulic per-
formance in heat exchanger tube with v-shaped winglet
vortex generator", Applied Thermal Engineering, 164,
pp. 114424 (2020).

21. Nalavade, S.P., Prabhune, C.L. and Sane, N.K. \E�ect of
novel 
ow divider type turbulators on 
uid 
ow and heat
transfer", Thermal Science and Engineering Progress, 9,
pp. 322-331 (2019).

22. Verma, A., Kumar, M. and Patil, A.k. \Enhanced heat
transfer and frictional losses in heat exchanger tube with

modi�ed helical coiled inserts", Heat and Mass Transfer,
54(10), pp. 3137-3150 (2018).

23. Suri, A.R.S., Kumar, A. and Maithani, R. \Experi-
mental investigation of heat transfer and 
uid 
ow be-
haviour in multiple square perforated twisted tape with
square wing inserts heat exchanger tube", Heat and Mass
Transfer, 54(6), pp. 1813-1826 (2018).

24. Sharafeldeen, M. and et al. \Experimental investigation
of heat transfer and pressure drop of turbulent 
ow in-
side tube with inserted helical coils", Heat and Mass
Transfer, 53(4), pp. 1265-1276 (2017).

25. Kamboj, K. and et al. \Heat transfer augmentation
in double pipe heat exchanger using mechanical tur-
bulators", Heat and Mass Transfer, 53(2), pp. 553-567
(2017).

26. Cheng, J. and et al. \Numerical study of heat trans-
fer and 
ow characteristic of twisted tube with di�erent
cross section shapes. Heat and Mass Transfer", 55(3),
pp. 823-844 (2019).

27. Barzegar, A. and Vahid, D.J. \Numerical study on heat
transfer enhancement and 
ow characteristics of double
pipe heat exchanger �tted with rectangular cut twisted
tape", Heat and Mass Transfer, 55(12), pp. 3455-3472
(2019).

28. Yadav, S., Paulraj, M.P. and Sahu, S.K. \Thermal per-
formance of air to water heat exchanger with plain
surface disc turbulators: experimental and numerical
study", Heat and Mass Transfer, pp. 1-15 (2020).

29. Noorbakhsh, M., Zaboli, M. and Ajarostaghi, S.S.M.
\Numerical evaluation of the e�ect of using twisted tapes
as turbulator with various geometries in both sides of a
double-pipe heat exchanger", Journal of Thermal Anal-
ysis and Calorimetry, pp. 1-13 (2019).

30. Chang, S.W. and Yu, K.-C. \Heat transfer enhancement
by spirally coiled spring inserts with and without seg-
mental solid cords", Experimental Thermal and Fluid
Science, 97, pp. 119-132 (2018).

31. Bartwal, A. and et al. \Thermal performance intensi�-
cation of a circular heat exchanger tube integrated with
compound circular ring{metal wire net inserts", Chem-
ical Engineering and Processing-Process Intensi�cation,
124, pp. 50-70 (2018).

32. Webb, R.L. and Kim, N.-H., Principles Enhanced Heat
Trans, Garland Science (2004).

33. Dittus, F. and Boelter, L. \University of california pub-
lications on engineering", University of California publi-
cations in Engineering, 2, p. 371 (1930).

34. Gnielinski, V. \New equations for heat and mass transfer
in turbulent pipe and channel 
ow", Int. Chem. Eng,
16(2), pp. 359-368 (1976).

35. Kays, W.M. and Crawford, M.E., Convective Heat and
Mass Transfert, McGraw-Hill (1993).

36. Moody, L.F. \Friction factors for pipe 
ow", Trans.
Asme, 66, pp. 671-684 (1944).

37. Petukhov, B.S. \Heat transfer and friction in turbulent
pipe 
ow with variable physical properties", in Advances
in Heat Transfer, J.P. Hartnett and T.F. Irvine, Editors.
Elsevier. pp. 503-564 (1970).

107



"""p
O@t

|xr
wrp

N=O
QO`

v=tu
=QwO

QF=|
@QH

D|
xar=]

t

38. Kline, S.J. \Describing uncertainty in single sample ex-
periments", Mech. Engineering, 75, pp. 3-8 (1953).

39. Date, A. and Saha, S. \Numerical prediction of laminar

ow and heat transfer characteristics in a tube �tted
with regularly spaced twisted-tape elements", Interna-
tional Journal of Heat and Fluid Flow, 11(4), pp. 346-
354 (1990).

40. Fan, A. and et al. \A numerical study on thermo-
hydraulic characteristics of turbulent 
ow in a circular
tube �tted with conical strip inserts", Applied Thermal
Engineering, 31(14-15), pp. 2819-2828 (2011).

41. Singh, S., Chander, S. and Saini, J.S. \Heat transfer and
friction factor correlations of solar air heater ducts ar-

ti�cially roughened with discrete V-down ribs", Energy,
36(8), pp. 5053-5064 (2011).

42. Kumar, R., Kumar, A. and Goel, V. \Performance im-
provement and development of correlation for friction
factor and heat transfer using computational 
uid dy-
namics for ribbed triangular duct solar air heater", Re-
newable Energy, 131, pp. 788-799 (2019).

43. Yadav, S. and Sahu, S.K. \Heat transfer augmentation
in double pipe water to air counter 
ow heat exchanger
with helical surface disc turbulators", Chemical Engi-
neering and Processing - Process Intensi�cation, 135,
pp. 120-132 (2019).

108




