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NUMERICAL SIMULATION OF HEAT TRANSFER POTENTIALITY, PRESSURE LOSS AND
PERFORMANCE ANALYSIS IN TUBE HEAT EXCHANGER WITH WAVY-BAFFLE VORTEX
GENERATOR
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Assoc.Prof.Dr. Withada Jedsadaratanachai Advisor
Year 2020

Abstract

This paper presents a numerical simulation of heat transfer potentiality, pressure
loss and performance analysis of a circular tube inserted with wavy baffles. The
experiment is carried out under the constant surface temperature by varying airflow
rates to obtain the Reynolds number from 100 to 2000. The wavy baffles with flow
attack angle (a) of 30°and pitch ratio (PR) of 1.0 are inserted in the circular tube to
augment heat transfer rate and thermal performance. The influences of baffle
locations (on the tube wall and at the middle of the test tube), baffle height to the
tube diameter (b/D = 0.05 - 0.30), V-bar number (1 — 3 bars) and flow direction on
heat transfer and flow structures are studied. The numerical results are reported in
terms of streamlines, temperature contours, local Nusselt number contours. The
thermal performance of the tested tube is also concluded. The heat transfer rate is
plotted in terms of Nusselt number (Nu), while the pressure loss and thermal efficiency
are summarized in terms of friction factor (f) and thermal enhancement factor (TEF),
respectively. As the numerical results, itis found that the baffle addition leads to higher
heat transfer rate due to the thermal boundary layer disturbance. The baffle insertion
at the middle of the tested tube provides the maximum heat transfer rate, while the
baffle placement on the tube wall gives the best thermal performance. The blockage
ratio of 0.30 performs the highest heat transfer rate of about 20.08. Additionally, the
best TEF is found to be around 3.48 at b/D = 0.15. The air flow direction inside the
tube is considered at forward and backward direction for all cases.

Keywords: \Wavy-baffles; Vortex generators; Heat transfer; Numerical simulation.
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My sTaeudemiiaviiteTasgidneninnnsaremanusou, Mgy

WaTNISAASIERUTEANS nluvialeSaaniasumnusau  mesasiansivatluliuwuu

1 gj ﬁl a a o ! dy
wHuNUFUAAY Tavufgudsieluil

mslwavesesvalduiuusiuiey
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ANNToU

L fsfsnsduaziieulaznisidesuresasianisiva Juliu

NANLFFIUTIUIElAFUNM I MIUANANANNITLALA aunisAaseiieas (Continuity

equation), @UNITIILNUGY (Momentum equation) WaaNNIIWaI9Y (Energy equation)

R D]
AUNTAUFBLIDY
8
5 (pu) =0 (3.1)
AUNT LA
0 oP 0 ou;  Ou;
- u.)=-—+ — —
axj (pulu Ox; axj- K (8xj 6xi>:| (32)
AUNTWAIY

L (pu,1) = < (ka—T) (3.3)



17

32 aunsaauusiieades

aunsiuUsiieataslann aaussluad (Reynolds number; Re), AiaviaLsa
Wi (Local Nusselt number: Nu,), Aaamariaae (Average Nusselt number; Nu),
Fruszneumudeay (friction factor: ), A1FAUTENBUANSI DULAT SN 5618191 A2 1
¥ou (TEF) wansaumslasad

1 I3
ALavLsEluan

Re =22 (3.4)
u
AaaEaYaNed
_ hD
Nux = T (3 5)
Anatiawariads
Nu = ZI/NuxaA (3.6)

FUTZNOUAMIELANIL ATWIAINENATS Fanning friction factor

AP
A= A= (37)
(3m2)(5)
o AP fla AANAUANATON Lag p ABANUUILLLYB Rl
ANFAUTENDUANTTAULNTIALNITANUWAIILTOU ADBRTIEINVDEUUTEANTNI TN
AMNSouTaIiuRImaday (h) WeuAuduusedndnmsmanusauiiuiiEtey (hy) AN1899U

Weny @unsafuadlaann

Nu/Nu,

TEF = )7

(3.8)
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3.3 ﬁﬂJﬂ']iﬂ'JUf’]lﬂJﬂ’ﬁlViaLLﬁ%ﬂ'ﬁﬂl"IElWIﬂ'J"m%au
mMsmuanaransvaslna (Computational Fluid Dynamics, CFD) Huedesiiotqe
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4.1 tvuaeulvvauTumsmuannislnasudia

1. msalazmsaremanusouveswesivadunuuasmauii
Seulwveufimadiuazmseenviedunuunu (periodic boundary)
Fravsmelioulvaniovenmgiiinasi

Roulvveuficmudnsisaesnuresiolluwuuaianas (symmetry)

AR

Seuluveufituinve wimeiduuulidulaa (no slip wall condition) uagntaog

fufi (stationary wall)
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wW/m? wagliifanisauloa

4.2 muuadawlsnldlunisimsnzideyn

o

AMLUSNIETUNTIATI LMD RIINTANULYIAILSOURATAUTTA ULITIAN LS DU N Ary
laun Araatsgluan (Reynolds number; Re), A1tavtdaiganianigy (Local Nusselt
number; Nu), Atavddlwaiiad e (Average Nusselt number; Nu), finUsznoua1uLdyn
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4.4 MINTIVFDUVBULUANTIIATUIU (Computation Domain)

4.4.1 N1INIAVEBURIIIUIUNGADATY (Grid Independence)
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7.25,8.22,9.99 way 11.61 wvawiailaidisey, Snsdmmsvneiunsivadosay 10 15
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windu 0.93, 1.06, 1.36, 1.58, 1.70, 1.77, 1.81, 1.87 way 1.94 whuewislUaidt3ev,
Sasrdmumsunetunsivadosar 10 TAfUsznevaNssausmsIfiumsene ma ud oy
windu 0.97, 1.22, 1.61, 1.88, 2.11, 2.30, 2.47, 2.73 Way 2.90 WuawislUaint38v,
Sasdumsunetunsivadosas 15 WAfUsznevans sausmsfium e meaai ud ou
windu 1.02, 1.42, 1.99, 230, 2,51, 2.67, 2.81, 2.99 uay 3.11 WhuewislUaidt3ev,
Sasndmumsunsumsivadesay 20 Weafusznevanssausmsiiunsanemait ud ou
winiu 0.98, 1.21, 1.65, 1.91, 2.10, 2.25, 2.39, 2.64 way 2.85 WiUeWaLUa iy,
Sasndumsvnsiunsiuadesay 25 Wafusznevaussausnsiiiumsaemain us oy
windu 1.11, 1.50, 1.92, 2.18, 2.37, 2.52, 2.63, 2.78 Wag 2.85 vewWiaailiseyu wasg
Sasndumsvneiunsivadosay 30 TAiusznevaussausmsifiunsenes ma ud oy
windu 1.10, 1.41, 1.80, 2.05, 2.23, 2.37, 2.47, 2.59 Uag 2.66 Whuswiolailiseu diu
ﬂiiﬁﬁﬁmmuﬁgugﬂﬂﬁ'uﬁasJLwiagUéfﬁaaaLwiq Fsnsrdunsuneunisinadevas 5 1A
Usgnevaussaurmsiiunsaremenufouwiniu 0.84, 0.99, 133, 1.54, 1.64, 1.70, 1.73,
1.77 wag 1.79 whassiewamiSeu, snsidunsunsdumsivadosas 10 Iaduszneu
aussausM I sEemeLSouWinAU 091, 1.20, 1.64, 1.97, 2.22, 2.39, 2.51, 2.66 Wa
275 whwewiowaiBey, snsdiunsunsunsluedesas 15 WadUssnouaussouy
msunsanemeusouwhiu 0.99, 1.38, 1.95, 2.27, 2.48, 2.63, 2.73, 2.88 uaz 3.00 Wh
FosielaiaGuy, nsndiunisunsiumsinadesas 20 lhaiUsenouatssauznsLity
NSENBWMANNSOUWINAY 1.05, 1.48, 1.95, 2.23, 2.43, 2.56, 2.65, 2.76 Uag 2.83 119830
WaiSey, sasidaumsvanstunslaadesas 25 Iadusenouaussausnstiung
fewmANNSauWIN Ny 1.08, 1.48, 1.89, 2.16, 2.34, 2.48, 2.56, 2.65 way 2.72 Wi1U83Y®
WaiEey wasdnsdmumsunsiunisivadosay 30 TadUssnavaussaurnsL funis
EmANNSEUINAU 1.08, 1.40, 1.79, 2.15, 2.21, 2.32, 2.40, 2.50 uag 2.58 Winvedvie
WaRidou weensdifidaunuiugunduseuisguidanauis dshsrdaunisvnatumsina
Sovaz 5 WmmUsznavaussausnsiiumsmemanudouyindu 0.83, 0.96, 1.28, 1.52,
1.65, 1.74, 1.81, 1.92 way 2.00 wivpmawaiiiksey, Snsrdunmsunaiunsivadesay
10 TAsusznavauss ausmsiiumsaiemanuseuindu 090, 1.16, 1.57, 1.88, 2.14,
233, 247, 268 uay 2.83 WhvewlowafSeu, snsiaumsvntumsivadesasr 1515
AfUsTNOUANTIaUY M RNNMTENs WA ISou iU 0.96, 1.35, 1.90, 2.20, 2.40, 2.56,
268, 2.87 war 3.00 WhuewlawaiiSey, sasidrumsvinsiumsinadesas 20 lkansa
Usznevaussourmsiimnsenemeanusoumindu 1.01, 1.44, 1.89, 2.17, 2.38, 2.54, 2.67,
284 way 2.94 whwewlawd iy, sasidrumsvainsiunsinadesay 25 Wasusvneu

aussourmMIfiunsenemanuSouwinfu 1.07, 1.45, 1.85, 2.11, 2.30, 2.45, 2.57, 2.75 uaz
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TABLE A-2

Ideal-gas specific heats of various common gases

(ah At 300 K
Gas constant, & c, c,

Gas Formula klikg - K klikg - K ikg - K [

Bir — 0.2870 1.005 0.718 1.400
Argon Ar 0.2081 0.5203 03122 1.667
Butane CqHin 0.1433 1.7164 1.5734 1.091
Carbon dioxide Co, 0.1889 0.845 0.657 1.285
Carbon monoxide Co 0.2968 1.040 0.744 1.400
Ethane CaHs 0.2765 1.7662 1.4897 1.186
Ethylens CaHy 0.2964 1.5482 1.2518 1.237
Helium He 2.0769 5.1926 3.1156 1.667
Hydrogen H. 4.1240 14.307 10.183 1.405
Methans CH, 0.5182 2.2537 1.7354 1.299
Meon Ne 0.4119 1.0299 06179 1.667
Mitrogen Nz 0.2968 1.039 0.743 1.400
Dctane CgHyg 0.0729 1.7113 1.6385 1.044
Oxygen 0, 0.2598 0918 0.658 1.395
Propans CzHz 0.1885 1.6794 1.4909 1.126
Sheam Hz0 1.8723 1.4108 1.327

0.4615

Mote: The unit klkg - K is squivalent to klkg « *C.

Spurce: Chemical and Process Thermodynamics 3E by Kyle, B. G., © 2000, Adapted by permission of Pearson Edwcation, Inc., Upper Saddle River, NJ.



66

TABLE A-2

Ideal-gas specific heats of various common gases (Continued)

(b) At various temperatures

C

C

C

C

[

c,

kjfkg - K klkg - Kk kifkg - K klkg - Kk kifkg K klkg-K k

Temperature,

K Air Carbon dioxide, CO. Carbon monoxide, CO

250 1.003 0.716 1.401 0.791 0.e02 1.314 1.039 0.743 1.400
300 1.005 0.718 1.400 0.846 0.657 1.288 1.040 0.744 1.399
350 1.008 0.721 1.398 0.895 0.706 1.268 1.043 0.746 1.398
400 1.013 0.726 1.395 0.939 0.750 1.252 1.047 0.751 1.395
450 1.020 0.733 1.391 0.978 0.790 1.239 1.054 0.757 1.392
500 1.029 0.742 1.387 1.014 0.825 1.229 1.063 0.767 1.387
550 1.040 0.753 1.381 1.046 0.857 1.220 1.075 0.778 1.382
600 1.051 0.764 1.376 1.075 0.886 1.213 1.087 0.790 1.376
650 1.063 0.776 1.370 1.102 0.913 1.207 1.100 0.803 1.370
700 1.075 0.788 1.364 1.126 0.937 1.202 1.113 0.816 1.364
750 1.087 0.800 1.359 1.148 0.959 1.197 1.126 0.829 1.358
800 1.099 0.812 1.354 1.169 0.980 1.193 1.139 0.842 1.353
900 1.121 0.834 1.344 1.204 1.015 1.186 1.163 0.866 1.343
1000 1.142 0.855 1.336 1.234 1.045 1.181 1.185 0.888 1.335

Hydrogen, Hz Nitrogen, N Oxygen, O,

250 14.051 9.927 1.416 1.039 0.742 1.400 0.913 0.653 1.398
300 14.307 10.183 1.405 1.039 0.743 1.400 0.918 0.658 1.395
350 14.427 10.302 1.400 1.041 0.744 1.399 0.928 0.668 1.389
400 14.476 10.352 1.398 1.044 0.747 1.397 0.941 0.681 1.382
450 14.501 10.377 1.398 1.049 0.752 1.395 0.956 0.696 1.373
500 14,513 10.389 1.397 1.056 0.759 1.391 0.972 0.712 1.365
550 14.530 10.405 1.396 1.065 0.768 1.387 0.988 0.728 1.358
600 14.546 10.422 1.396 1.075 0.778 1.382 1.003 0.743 1.350
650 14.571 10.447 1.395 1.086 0.789 1.376 1.017 0.758 1.343
700 14.604 10.480 1.394 1.098 0.801 1-371: 1.031 0.771 1.337
750 14.645 10.521 1.392 1.110 0.813 1.365 1.043 0.783 1.332
800 14.695 10.570 1.390 1121 0.825 1.360 1.054 0.794 1.327
900 14.822 10.698 1.385 1.145 0.849 1.349 1.074 0.814 1.319
1000 14.983 10.859 1.380 iR 0.870 1.341 1.090 0.830 1.313

Source: Kenneth Wark, Thermodynamics, 4th ed. (New York: McGraw-Hill, 1983), p. 783, Table A-4M. Originally published in Tables of Thermal
Properties of Gases, NBS Circular 564, 1955,





