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Heat and Mass Transport Characteristics of Pulsating Flow

in a Rectangular Duct
Part 1. Effect of Pulsating Frequency on Heat Transfer of a Flat Plate Installed in the Duct

Hironori SAITOH™ and Kouji UCHIDA'

Abstract

This study deals with flow behavior and associated heat transfer in pulsating duct flow. As well as mechanical
engineers, researchers in bioengineering field also focus on heat and mass transport characteristics of pulsating flow
from the viewpoint of life science. In spite of more than thirty-year history of pulsating flow and heat transfer studies,
flow structure with periodical flow rate change and its effect on heat transfer are still at question. Researchers showed
conflicting results. Some of them showed heat transfer enhancement due to flow pulsation, the others reported heat
transfer prevention or no impact of flow pulsation on heat transfer. In order to make clear the complicated unsteady
flow structure with periodical velocity fluctuation and its effect on heat transfer, it must be necessary to have
macroscopic observation and image processing analysis of both the flow and temperature fields. The objective of this
study, therefore, is to make clear the pulsating flow structure and heat transfer characteristics based on the visualizations
of flow and temperature fields. Particle Image Velocimetry (PIV) and color schlieren visualization was applied to flow
and temperature fields, respectively. Results showed that flow pulsation induced complicated spatial velocity
distributions. Series vortices were formed in flow direction and they moved in span-wise direction from the sidewalls to
the center of the duct. Such flow behavior caused locally high and low speed regions. From these results, it is concluded
that heat transfer enhancement or prevention depends on increase or decrease of local flow rate induced by flow
pulsation.

Key Words: Pulsating flow, Convective heat transfer, Temporal and spatial velocity fluctuation, Color
schlieren method, Flow visualization , PIV , Vortices
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Fig. 1 Test section for temp. measurement and
schlieren visualization.
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Fig. 2 Apparatus for heat transfer experiments.
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Fig. 3 Design concept of flow rate fluctuation.
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Table 1 Experimental conditions.

Re . 920, 2000, 3000, 4000
Re,/Re 0.72
f [Hz] 0(Steady flow), 1.0, 2.0, 3.0, 5.0
Yell\ow Red Bhﬁmn Test section
Color slit

Fig. 5 Temperature field visualized by color schlieren
method for steady flow case (Re,,=920).
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Fig. 6 Fluctuation of thermal boundary layer of one cycle in the case of pulsating flow with its frequency of 1 Hz.
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Fig. 7 Local distributions of &{ (thickness of thermal boundary layer), Nu (Nusselt number) and
Henn, (index of heat transfer enhancement).
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Fig. 9 Temporal fluctuations of local velocities at X/X;=0.3.
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Fig. 11 Temporal and spatial periodic fluctuation of flow field in forms of velocity vector and scalar
(Re,=3000, Re;/Re,=0.72, 3 Hz).

LG onifE—%45). LrL, 4% F 7o, MEETEE O & SERGE RS ONATEIZ XL 0 i
LN EBRERNDORNBER CTH D 0ELIRTH D FENIIT AR & B & L CRBUR 72— % D D3 Ak &
MEFHEmT DICIXT —F AR THLOT, BERED , ZRUC L0 BEAOAT I ERGFAED Y
ILIER L WO BN DERIIAS%OMEE Lz Jrh (FEEEME S E) AN EEROSGE & K& R
V. 720, ZTORERE U TADHT T AR O Fii

-219- © 2007 The Heat Transfer Society of Japan



Thermal Science & Engineering Vol.15 No.4 (2007)

WS ITH C CTEFIROGSE LY /hE< 2 b
DL FHEEND. Ren=3000 DEEITIHEEA AFFUTT
RENHI OB NS SN T-01E, 20X D RRETH
HoHICEAbDEEZBND.

4 &

PLEDFEBRE R S NN R L 0, HREN
WRED IR D TR & ZICPE S BNICRE S
W OAREVRFEIZ B UL FIR 35 im & 15 7.
EEMEME

o KU THNADARENC X » TEMHE DR
EENDN, BIIMEEN I S 58
bbb,

o [FEfFHpEE (Rey) 230 DA Z 5 L RFT
BVRER (X v Bv MO 3AH I
WD O A2 R ST, WA DU ¢ — B
/Mt 2 R U T2 1% 8N B E A & 7R T

o WFREPERJRFTEMEESR (X vtV M) DIk
) JE R A AT FE VR R R R i L K o TR
0, BEREPELEE R K E VT CIRENE R I
Lo TEBMRERITIRE B 5.

o LRI OIRENC K 2RI O R4
VEEL NS R T M 7 PR A& (S O SR FT i
BRI KT 5.

BREN TR D TR AEE

o RENFEMAICERIEAET 5 LY T
MR LS T 5721 T <, RFTHIC@IITE
AL BREE AR IR L, Z2RIAC b M A B
T 5.

o UEEOFFMIAMAENCEI L, Wit Ik
W5 CHELALANAE Ui 7 AN 8 e 5 i1 25
RED.

e b HOKMFEHWEU T (AH% TIX
Re,<1000) T, MIEENTEE TR S Uiz iis]
ILRERE] ORI & & B IR IE 7 [ NN 1A s
> TRENT . FEEESREOEINIEY,
% B ORI ELIVASE U 2 R 3R BE T 3
WZFRE S o et b TIEF IR & 720
FERAENAET D.

&

ARBFFEBATICEE Uity (Bfiifidnds L ONHFES:
DEEANE) O—EITMSIATBOEN B AR RIS
FHEmtse i Bh & G FHF7E(B) iR 75 : 15760139)

- 220 -

WCEDHDTHD. Z It T icHEEERT 5.
FlEBRERMB O — BB LT iz E
A AR EERE 72 O NI EM R O M4 I
B L RS,

S 3

[1] Niida, T., Yoshida, T., Yamashita, R. and Nakayama,
S. “The influence of Pulsation on Laminar Heat
Transfer in Pipes”, Heat Transfer Japan. Res. 3-3
(1974), 19-28.

[2] Bayley, F. J., Edwards, P. A. and Singh, P. P. “The
Effect of Flow Pulsation on Heat Transfer by Forced
Convection from a Flat Plate”, Proc. of the First
International Heat Transfer Conference, Boulder
(1961), 499-500.

[3] Fujita, N. and Tsubouchi, T., “An Experimental
Study of Unsteady Heat Transfer from a Flat Plate to
an Oscillating Air Flow”, Heat Transfer Japan. Res.
11 (1982), 31-43.

[4] Miller, J. A., “Heat Transfer in the Oscillating
Turbulent Boundary Layer”, Journal of Eng. Power,
91 (1969), 239-244.

[5] Jackson, T. W. and Purdy, K. R., “Resonant
Pulsating Flow and Convective Heat Transfer”,
ASME. Journal of Heat Transfer, 87 (1965),
507-512.

[6] Kearney, S. P., Jacobi, A. M. and Lucht, R. P.,
“Time-Resolved Thermal Boundary-Layer Structure
in a Pulsatile Reversing Channel Flow”, Trans.
ASME. Journal of Heat Transfer, 123-4 (2001),
655-664.

[7] Hessami, M. A., Berryman, A. and Bandopdhayay,
P., “HEAT TRANSFER ENHANCEMENT IN AN
ELECTRICALLY HEATED HORIZONTAL PIPE
DUE TO FLOW PULSATION”, ASME. HTD.,
374-3 (2003), 49-56.

[8] Rocha, L. A. O. and Bejan, A., “Geometric
Optimization of Periodic Flow and Heat Transfer in
a Volume Cooled by Parallel Tubes”, Trans. ASME.
Journal of Heat Transfer, 123-2 (2001), 233-239.

[9] Li, P., and Yang, K. T., “Fluid mechanics and heat
transfer in zero-mean oscillatory flows in short
channels”, ASME. HTD., 361-1 (1998), 69-76.

[10]Myrum, T. A., Acharya, S. and Inamdar, S.,
“Laminar Pulsed Forced and Mixed Convection in a
Vertical Isothermal Tube”, Journal of Thermophys.
Heat Transfer, 11-3 (1997), 423-428.

[11] Mladin, E. C. and Zumbrunnen, D. A., “Dependence
of convective heat transfer to a pulsating stagnation
flow on incident velocity pulse characteristics”,
ASME. HTD., 271 (1994), 11-21.

[12] Zhang, J. G. and Kurzweg, U. H., “Numerical
Simulation of Time-Dependent Heat Transfer in
Oscillating Pipe Flow”, Journal of Thermophys.

©2007 The Heat Transfer Society of Japan



Heat Transfer, 5-3 (1991), 401-406.

[13] Iguchi, M. and Miura, H., “Radial Propagation of
Turbulence in Pulsatile Pipe Flow”, JSME
International Journal, Ser. 11, 32-2 (1989), 173-179.

[14]Siegel, R., “Influence of oscillation-induced
diffusion on heat transfer in a uniformly heated
channel”, Trans. ASME. Journal of Heat Transfer,
109-1 (1987), 244-247.

[15]Liao, N. S., Wang, C. C. and Hong, J. T., “An
investigation of heat transfer in pulsating turbulent
pipe flow”, ASME. HTD., 42 (1985), 53-60.

-221 -

Thermal Science & Engineering Vol.15 No.4 (2007)

[16]Ohmi, M., Usui, T., Tanaka, O. and Toyama, M.,
“Pressure and Velocity Distributions in Pulsating
Turbulent Pipe Flow, Part 2 Experimental
Investigations”, Bulletin of the JSME, 19-134 (1976),
951-957.

[17]Mizushina, T., Maruyama, T. and Hirasawa, H.,
“STRUCTURE OF THE TURBULENCE IN
PULSATING PIPE FLOWS”, Journal of Chemical
Engineering of Japan, 8-3 (1974)

[18] Gerrard, J. H., “An experimental investigation of
pulsating turbulent water flow in a tube”, Journal of
Fluid Mech., 46 (1970), 43-64.

©2007 The Heat Transfer Society of Japan





