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Abstract v View references (8)

Due to the supersonic speed at which propellant gas flows through the gun barrel, a high intensity impulsive sound
pressure is created, which has negative effects in many respects. Therefore, the high pressure waves generated due to
muzzle blast flow of tank gun during firing is a critical issue to examine. The purpose of this paper is to study and
analyze this high pressure impulsive sound, generated during the blast flow. The large caliber 120 mm K1A1 tank gun
has been selected especially for this purpose. An axisymmetric computational domain has been constructed by
employing Spalart Allmaras turbulence model to evaluate pressure and sound level in the tank gun using
Computation Fluid Dynamics technique. Approximately 90% of pressure and 20 dB of sound level have been
attenuated due to use of the three baffle silencer at the muzzle end of the gun barrel in comparison to the tank gun
without silencer. Also, the sound pressure level at different points in the ambient region shows the same attenuation
in the results. This study will be helpful to understand the blast wave characteristics and also to get a good idea to
design silencer for large caliber weapon system. © 2011 The Korean Society of Mechanical Engineers and Springer-

Verlag Berlin Heidelberg.
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Modeling the airside dynamic behavior of a heat exchanger

under frosting conditions

T

Tieyu Gao and Jianying Gong"

School of Energy and Power Engineering, Xi'an JiaoTong University, Xi’an 710049, China

(Manuscript Received January 26, 2011; Revised May 13, 2011; Accepted June 7, 2011)

Abstract

A general distributed model with a non-steady-state heat exchanger model coupled with a frost model was developed to study the dy-
namic behavior of an airside heat exchanger in an air-to-water heat pump heater/chiller unit. The effects of water vapor diffusion and
uneven fin temperature distribution were considered. The model was found to agree well with reported experimental results. Compared
with the routine model, the present model has higher precision of frost layer thickness especially on the fin surface. Results include the
propagation of frost formation along the tube and its effect on the dynamic characteristics of refrigerant, air, and tube sides. According to
the results, the temperature difference between air and tube surface temperature was proposed to be the main driving force of frosting.
Tube surface temperature is the most important factor affecting frosting when there is little variation in air humidity. Frost at the fin base
was found to be thicker than that at the fin tip due to the fact that the frost layer grows faster with lower tube surface temperature.

Keywords: Air-to-water heat pump; Fin tube; Distributed modeling; Frost formation; Heat transfer; Temperature

1. Introduction

Air-to-water heat pump heater/chiller (AWHPHC) unit has
been widely used in air-conditioning fields due to its perfect
characteristics of energy efficiency and environmental protec-
tion. However, when such a unit operates as a heating source
under low ambient temperature, the formation of frost on the
surface of its airside heat exchanger becomes problematic,
leading to the degradation of the heat exchanger performance
or even the shutdown of the unit. Therefore, it is necessary to
conduct a detailed investigation on the characteristics of air-
side heat exchanger in an AWHPHC unit under frosting in
order to increase its energy efficiency and operational reliabil-
ity.

A large number of studies [1-6] are available on the frost
properties and heat transfer involved in frosting and the
mechanism of frost growth. However, these studies present
limited theoretical modeling on practical heat exchanger under
frosting conditions. The main reason lies in the complex ge-
ometry of the practical evaporator and the volatile refrigerant
flowing, as well as the dynamic variation of the parameters of
air and frost.

Recent studies [7-14] on the performance of heat exchanger

" This paper was recommended for publication in revised form by Associate Editor

Ji Hwan Jeong

*Corresponding author. Tel.: +86 02982664103, Fax.: +86 02982664103

E-mail address: sunmoon@mail.xjtu.edu.cn
© KSME & Springer 2011

under frosting conditions has elucidated the effects of ambient
and geometry parameters on the performance of the heat ex-
changers. This shows that the reported study did not consider
the variation of the refrigerant temperature and the airflow
condition during the frosting process. Thus, previous literature
did not consider the dynamic variation of parameters inside a
practical evaporator, such as the variation of evaporator tem-
perature and airflow rate. Compared with the above studies,
the decrease of airflow due to frost accumulation was taken
into account only in a few studies [15, 16]. However, these
studies are not applicable for a fan-driven heat exchanger used
in AWHPHC units. Furthermore, Tso et al. [17, 18] studied
the dynamic behavior of an evaporator used in a commercial
container by developing a general distributed model coupled
with a frost model validated experimentally. However, the
effect of the distribution of the fin surface temperature was not
considered, and such types of heat exchangers and refrigerants
are not the usual types used in AWHPHC units.

Despite the large number of studies on the performance of
heat exchangers under frosting conditions, only few published
literature [19-21] studied the performance of air source heat
pump under frosting conditions. Yao et al. [19] reported the
results of their distributed model and discussed the impact of
frosting characteristics on the operational performance of an
AWHPHC unit under different operating conditions. Guo [20,
21] studied the effects of frost growth and morphology on the
performance of an air source heat pump using numerical and
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Investigation of empirical correlations on the determination of condensation heat
transfer characteristics during downward annular flow of R134a inside a vertical
smooth tube using artificial intelligence algorithms
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Abstract

The heat transfer characteristics of R134a during downward condensation are investigated experimentally and numerically. While the
convective heat transfer coefficient, two-phase multiplier and frictional pressure drop are considered to be the significant variables as
output for the analysis, inputs of the computational numerical techniques include the important two-phase flow parameters such as equiv-
alent Reynolds number, Prandtl number, Bond number, Froude number, Lockhart and Martinelli number. Genetic algorithm technique
(GA), unconstrained nonlinear minimization algorithm-Nelder-Mead method (NM) and non-linear least squares error method (NLS) are
applied for the optimization of these significant variables in this study. Regression analysis gave convincing correlations on the prediction
of condensation heat transfer characteristics using £30% deviation band for practical applications. The most suitable coefficients of the
proposed correlations are depicted to be compatible with the large number of experimental data by means of the computational numerical
methods. Validation process of the proposed correlations is accomplished by means of the comparison between the various correlations
reported in the literature.

Keywords: Condensation; Heat transfer coefficient; Pressure drop; Genetic algorithm; Unconstrained nonlinear minimization algorithm; Nelder-mead

method; Non-linear least squares

1. Introduction

Artificial intelligence methods such as genetic algorithm
(GA) and artificial neural network (ANN) modeling validated
by the experimental works have been gaining increased popu-
larity in correlating two-phase flows in tubes. However, there
still are not enough investigations on the prediction of in-tube
condensation’s characteristics by means of artificial intelli-
gence techniques in the literature. Existing numerical studies
in this subject regarding the two-phase flows in the literature
are summarized in the following paragraphs.

Jenkins [1] mentioned the definition of the GA as “survival
of the fittest” and ANN as “human brain activity” in his study.
The principal subject of his paper is on application of the GA
T This paper was recommended for publication in revised form by Associate Editor

Jae Dong Chung
“Corresponding author. Tel.: 902123832819, Fax.: +902122616659
**Co-corresponding author. Tel.: +6624709115, Fax.: +6624709111

E-mail address: dalkilic@yildiz.edu.tr, somchai.won@kmutt.ac.th
© KSME & Springer 2011

to find the optimum combination of design variables of a
space condensation heuristic.

Akin and Demiral [2] defined the primary flow parameters
required to model multiphase flow in porous media as relative
permeability and capillary pressure and showed that the per-
formance of the algorithm depends on the probabilities of
crossover and mutation, and the proper usage of the fitness
function of genetic algorithm.

Alizadehdakhel et al. [3] studied the two-phase flow regimes
and pressure drops in a 2 cm diameter and 6 m length tube, and
the flow in the test tube is modeled using a computational fluid
dynamics (CFD) program and also ANN analysis. As a result of
their analysis, the CFD results are more accurate than the ANN
evaluations compared to their experimental results.

Magee and Boyle [4] presented a system, based on re-
sampling condensation proposed by Isard and Blakes [5], for
the tracking and classification of livestock movements. They
reported that re-sampling condensation relies on the variation
within the shape model being separated into pseudo-
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