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University)
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On Selection of the 8th Heat Transfer Society Awards

for Scientific Contributions and Technical Achievements
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Condensation Heat Transfer of Multi-Component Refrigerant Mixture
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ABSTRACT

In this paper the results of a numerical parametric
study on the influence of Prandtl number on heat
transfer in a rotating annular cavity are presented.
Through the efficient and highly accurate numerical
method, successfully applied to many problems in
computational fluid dynamics, it became possible to
cover a wide range of fluids, starting from the low-
Prandtl number fluid gallium (Pr=0.021) and includ-
ing air (Pr=0.71) as well as water (Pr=9.28). From
the results a crucial influence of rotation effects on
the dynamics of the flow and hence the heat transfer
rates can be established. The representation of these
findings by correlations of the type Nu = f(Ra, Pr),
may therefore be useful as first and foremost global
estimation of the interactions between Prandtl num-
ber, mixed convection and heat transfer in axisym-
metric flows in cylindrical geometries.

PHYSICAL - AND MATHEMATICAL

MODEL

A cylindrical annulus with an aspect ratio A
(height/width) of 1, exposed to a temperature gra-
dient in horizontal direction and rotating steadily
at an angular frequency £ about the central axis
(cf. figure 1.1) may be regarded as a simplified
but nevertheless for the investigation of mixed
convection heat transfer satisfactory representation
of a real Czochralski device.

U

z| aT
on
R
1. 1,
Al T
Q on 0

Figure 1.1: Sketch of the rotating annular cavity

The fluid flow is governed by the Navier-Stokes
equations, written as generalized transport equation
as follows:

0pd

7 +div (pu® — I's grad ®) = sg

(L1)

73—

Relevant physical and numerical parameters as well
as references containing a description of the dis-
cretization procedure and the employed numerical
method |, characterized by high accuracy and effi-
clency, can be found in [1].

RESULTS

The graphical representation of the average Nusselt
number as a function of Prandtl number shown in
figure 1.2 reveals the following correlations

Nu=1.14 (Pr’Gr)%128 Pr<1  (1.2)

Nu=1.14 (PrGr)°1?® Pr>1 (1.3
for natural convection and

Nu=0.78 (Pr*Gr)%'% Pr<i  (14)

Nu =3.0 (Pr?Gr)°-038 Pr>1 (1.5)

for mixed convection, respectively. The correlations

ol 3 aiu

1E+7

0 PEETIT ETETTTY BT

1E+3  IE+¢ 1E+5 1E#6
PrRa

Figure 1.2: Average Nusselt number Nu vs. Prandtl
- Rayleigh number PrRa (0.021 < Pr < 50,
Ra=10%); M : natural convection (Rossby number
=0) e: mixed convection (Rossby number = 7.5)

for natural convection agree fairly well with previous
studies (cf. [1]), whereas the ones for mixed convec-
tion show much stronger dependencies than proposed
by other authors.
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CALL FOR PAPERS

ELEVENTH SYMPOSIUM ON TURBULENT SHEAR FLOWS

Institut National Polytechnique

Université Joseph Fourier
Grenoble, France
September 8-11, 1997

The Eleventh Symposium on Turbulent Shear Flows aims to advance understanding of the physics of turbulent motion and capabilities
for predicting momentum, heat and mass transport processes in turbulent shear flows.

Approximately 30 technical sessions are planned. Contributed papers are invited on original work in the following general areas:
Measurements, numerical simulations, theories and concepts that illuminate the nature of turbulence.
Developments in single and two-point closures; large-cddy and othcr numerical modcls.

Improved experimental methods for single and multi-phase turbulent flows.

Advances in computation methods for single and multi-phase turbulent flows.

Developments in scalar modeling; related measurements and computations.

Developments n modehng of turbulent flames and other reacting flows; related experiments and computations.
Modeling, computation and measurement in the natural environment.

Contributions to applied turbulent flows, including those concerned with internal and external acrodynamics,
climate control in buildings, automobiles, electronic-packaging, gas turbines and internal combustion
engines, chemical and metallurgical processes, nuclear and wind engineering.

Fundamentals:
Turbulence Models:

Experimental Techniques:
Computation Techniques.
Heat and Mass Transfer:

Chemical Reactions:
Geophysical Flows:
Applications:

Abstracts

Paper selection will be based upon a review of extended abstracts of no more than 1000 words which should be double-spaced and

state clearly the purpose, results and conclusions of the work with supporting figures as appropriate. Five copies of the abstract should
be mailed (ABSTRACTS SENT BY FAX WILL NOT BE ACCEPTED) to:

Professor F. M. Schmidt

Secretary, Turbulent Shear Flows
Department of Mechanical Engineering
The Pennsylvania State University
University Park, PA 16802 USA

814-865-2072;

11TH SYMPOSIUM PAPERS COMMITTEE:

M. Lesieur, Chairman

Laboratorie des Ecoulements
Géophysiques et Industriels
Institut Universitaire de France

B.P.53

38 041 Grenoble cedex 9, France

33-76 8250 19
FAX 33-76 825271

FAX 8§14-863-4848

G. Binder

Scientititique
B.P. 53

38 041 Grenoble cedex 9, France FAX 44-161-200-3723

33-76 82 50 45

Laboratorie des Ecoulements
Géophysiques et Industriels
Centre National de la Recherche

Deadlines

Final date for receipt of abstracts: November 15, 1996

Authors informed concerning acceptance: March 15, 1997

Final date for receipt of camera-ready manuscript: May 15, 1997

B. E. Launder

Department of Mechanical
Engineering

UMIST

Manchester, M60 1QD, UK

44-161-200-3701

J. H. Whitelaw

Department of Mechanical
Engineering

Imperial College

London, SW7 2BX, UK

44-171-594-7028

FAX 44-171-589-3905

FAX 33-76825271

ADVISORY COMMITTEE:

R. J. Adrian, USA

H. Andersson, Norway
F. Anselmet, France

R. A. Antonia, Australia
B. Aupoix, France

G. Bergeles, Greece

J. P. Bertoglio, France
R.W. Bllger Australia
J. P. Bonnet, France

J. G. Brasseur, USA

J M Chomaz France
M. P. Escudier, UK

J. E. Foss, USA

R. Friedrich, Germany
T. Gatski, USA

W. K. George, USA

S. E. Gutmark, USA

H. Ha Minh, France

K. Hanjalic, USA

T.J. Hanratty, USA

M. Heitor, Portugal

K. Hishida, Japan
J.A.C. Humphrey, USA
F. Hussain, USA

A. Johansson, UK

J. Jovanovich, Germany

LOCAL ARRANGEMENTS COMMITTEE:

N. Kasagi, Japan

J. Kim, USA

T. Kobayashi, Japan
S. Komori, Japan

D. Laurence, France
M. A. Leschziner, UK
J. Magnaudet, France
O. Metais, France

G.-X. Shen, Beijing, China
R. L. Simpson, USA

A.J. Smits, USA

R. M. C. So, Hong Kong
M. Sokolov, Israel

M. Sommerfeld, Germany
J. Sommeria, France

C. G. Speziale, USA

Y. Nagano, Japan

F. Nieuwstadt, Germany
W. Nitsche, Germany
M. Oberlack, Germany
W. C. Reynolds, USA
W. Rodi, Germany

G. Binder, Chairman

91—

H. J. Sung, South Korea
K. Suzuki, Japan

A. M. K. P. Taylor, UK
M. Wolfshtein, Israel

J. Wyngaard, USA
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