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ON MECHANISM OF ENHANCED HEAT TRANSFER OF FLUIDS

WITHIN PIPES BY OSCILLATION
Cao Yuzhang, Zhao Lingde, Zhu Gujun

(Beijing University of Aeronautics and Astronautics)

ABSTRACT Theoretical and experimental studies show that axial oscillation of =~ flu’d
within pipes can lead to enhancing heat transfer of the fluid. The enhancement multiple of 2zl rans-
fer is a function of (Az/R)?, Womersley number (Wom) and Prandtl number (Pr). Under lzrinar
conditions, intensive mixture of fluid lumps is impossible. It can be considered that the heat trans?'r of
the oscillated fluid is completed in form of conduction. In the case of lower Womersley number. the
velocity and displacement profiles of the flu.d are paraboloids. Normal temperature gradient on the dis-
placement profile for the oscillated fluid is greater than that for the static fluid. Also, the effective
conduction area of the oscillated fluid is greater than that of the static fluid. Therefore, the conductive
heat transfer rate of the oscillated fluid is obviously greater than that of the static fluid. The oscillation
is only the means to make a enhanced area of heat transfer and enhanced temperature gradient continu-
ously. According to this mechanism, the relation of (a,/a) — 1 oc (Az/R)? is derived . Also, the
effects of Womersley number, Prandtl number and wall of the pipe on the enhanced heat transfer are
elaborated in this paper.

APPLICATION OF THE BOUNDARY ELEMENT METHOD
TO UNSTEADY HEAT TRANSFER PROBLEMS

Ding Jing (Northwestern Institute of Architectural Engineering)
ABSTRACT The boundary element method is applied to analyzing temperature field tran-
sient distribution on aeroengine turbine blades. It is possible to calculate the thermal stesses and life
‘span of the blade and to check the blade strength according to the temperature field determined by this
method. The temperature distributions on a set of different sections in a turbine blade at several in-

stants have been calculated.

MODELLING FOR EXHAUST POLLUTION PERFORMANCES

OF A SINGLE OR A VAPORISER TUBE COMBUSTOR
Li Huiying, Liu Lin, Tang Ming, Wang Hongiji
(Northwestern Polytechnical University)
ABSTRACT On the basis of experimental study on exhaust emissions in a single tube

combustor and a vaporiser tube combustor, a theoretical analysis and mathematical modelling are made
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by using heterogeneous Well Stirred Reactor Analysis (WSR). Considering real combustion processes
and different combustion structures, the General Reactor Analysis and Simulation Program (GRASP)
are improved and supplemented. A new method is put forward to process the distribution of mixture
mass with different @ and to determine exit flow parameters in the primary zone. This naper also deals
with the secondary air flow and its mixture with primary gases , the local fuel-rich treatment and the
calculation of equilibrium temperature and compositions. In this way, the GRASP has been developed
from one only for a simple model combustor to a modification able to predict 17 emission compositions
and combustor exit temperature for two real gas turbine con.b- .tors. The results predicted by the modi-
fied GRASP are in good agreement with measured data. The prediction also confirms the conclusion
drawn from experiments that the emission pollution performance of the vaporiser tube combustor is
better than that of the single tube combustor. Moreover, it is found that the errors in prediction of the

exit temperature are ane of the reasons which cause the errors in NO,  prediction.

EFFECTS OF FUEL CHEMICAL PROPERTIES ON EXHAUST SMOKE
FROM GAS TURBINE CCMBUSTOR

Jin Rushan (Beijing University of Aeronautics and Astronautics)
Lefebvre A. H. (Purdue University)
Abstract The state-of-the-art of the study on soot formation and exhzust smoke frum gas

turbine combustor has been reviewed with stress an the effects of fuel che;nical properties. Bused on a
great amount of experimental data obtained on a variety of gas turbine combustors. the best corre.ation
parameter representing the fuel effect has been determined as SP~2 %3 (100 — N, 7%, where SF 15

smoke point, N is the naphthalene content ( in percentage’ of the fuel.

A DYNAMIC DIGITAL MODEL £EOR THE TURBOIET
WITH PULSE-MONITORED FUELLER

Tang Diyi and Cai Yuanhu (Northwestern Polytechnical University )

ABSTRACT The ingestion of the hot gas from armament firing or recirculation of exhaust
gas from VTOL- and STOL-type aircraft will bring engine into unstable and cause troubles for figh:.
It is good practice to use a pulse-monitored fueller for improving the engine instability. A digital model
for this purpose is presented, which consists of a first order fuel feed model, a components volume
model and a rotor dynamic model. The steady-state performance and transient behaviour of a double
spool turbojet are predicted on the basis of this model. Then, the steady-state performance is compared
with the sea-level acceptance curve to check the validity of the model in specific case of steady statc.
The transient behaviours, such as the time histories cf the secondary fuel line pressure, the speeds of
two spools and the thrust, are also calculated and compared with the experimental curves of the same
behaviours but of another engine. The results indicate that the simulation effect of this model 1s satis-

factory.



