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Improvement of Gas Turbine Performance of Cogeneration System by Reduction of Inlet Air
Temperature
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Improvement, Inlet air cooling

uansznuyasmaladeanlsaluih fifidansdadulaveiiy

Effect of Flue Gas from Power Plant on Tree Growth
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Experimental Study on Heat Transfer Enhancement in Solar Air Heater by
Electric Field
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Heat and mass transfer in combined convective and far-infrared drying of fruit leather

Abstract

due to I

Combined convective and far-infrared drying is a
relationship between heat and mass transfer. In this paper, heat and mass transfer of fruit
leather drying with combination of hot air and far-infrared has been carried out. The heat
and the mass transfer coefficients were analyzed by heat—mass analogy. It could be found
that the ratio between heat and mass transfer coefficients for the combination technique
could not be obtained from the heat—mass analogy classical model and a modification is
needed. The modified correlations for predicting ratio of heat and mass transfer coefficients
and the heat transfer coefficient in term of heat transfer Nusselt number are developed. The

model could fit the experimental data quite well within Sw% deviation.

Keywords: Heat—mass analogy, Heat and mass transfer coefficient, Far-infrared radiation

Hot air drying, Fruit leather
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Use of oscillating heat pipe technique as extended surface in wire-on-tube heat

exchanger for heat transfer enhancement

Abstract

This paper presents the performance of a wire-on—tube heat exchanger of which the wire is an oscillating heat pipe. The
experiments for this heat exchanger were performed in a wind tunnel by exchanging heat between hot water flowing
inside the heat exchanger tubes and air stream flowing across the external surface. R123, methanol and acetone were
selected as working fluids of the oscillating heat pipe. The inlet water temperature was varied from 45 to 85 °C while
the inlet air temperature was kept constant at 25 °C. The results show that the oscillating heat pipe technique for all
working fluids could increase around 10% of the heat transfer rate obtained from that without the refrigerant flow in
the capillary tube when the inlet water temperature is at 60 °C. Moreover, the heat transfer models for evaluating the
heat exchanger effectiveness and the air-side heat transfer coefficient, are also developed in this work. These results of

the models agreed very well with the experimental data.

Keywords: Heat transfer enhancement, Performance testing, Wire-on-tube, Oscillating heat pipe, Heat exchanger
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Use of oscillating heat pipe technique as extended surface in wire-on-tube heat
exchanger for heat transfer enhancement

L Introduction

Wire-an-tube heat exchanger has been wsed in reliigerating and
air-conditioning, systems for many decades, It consisis of tube pane]
arrached with small diameter wires as its extended surface. There is
warking fluid such as refrigerant flowing inside the tubes while the
ambient air s directed across the outside surface of the tube panel
Fig 1{a) shows the sketch of a wire-on-tube heat exchanger.

There are many research works reporting thermal performances of
warious kinds of wire-on-tube heat exchanger. The dasic one is the
report of Witzell and Fontaine [1.2] in 1957 which shawed the
thermul characteristic and the design method of wire-on-tube heat
exchanger. Taghaflco and Tanda [3] reported radiation and natural
convection heat transfer from wire-an-tube heat exchanger. In case of
radiation, a diffuse gray body network from inseractions of all parts of
the heat exchanger and its surmundings was faken. For free
e experiments weere conducted with 42 low-emittance
with vatious geometrical characteristics and a semi
empitical correlation was developed, Lee ot al | 4] took experiments to
obiain the comelation oo the Jir-side heat transfer coefficient of 4
single layer L exchanger ot Reynold: iber (based
on tube diameter) between 50 and 900, Quadir e al. |[5] uwsed finite
ehement method o analyee free convection heat transfer of wire-on
tube heat exchanger, The effects of the ambient temperature and the

Comamenicated by W, Minkowye
* Cortevpanding st
-l obfrrus biasibtirnt 1y shon o 1. Kiatirirou)

lisside refrigerant mass fow Fates on the heat transter performance
were comidered, The required tube length for phase change from its
Imsiriati <l o b was abso 5| showed
the application of neural network model for predicting the heat
transfer rate of wire-on-tube heat excharger. Chai et al |7] showed
the new design wire woven heat exchanger using small tube
diameter. The inner diameter of tube is 1.3mm with 025mm
thickness. In this work, the effects of siraight-fin and spring-fin
wises were also investigated.

However, all of the previous works used solid metal wire as an
extended surface, The beat eransfer from tube surface to fin s taken
only by heat conduction s there is  limitation due to the thermal
conductivity of the wire material. To evercome this problem. an
usillating heat pipe which s a closed-Joop capillary tube filled with
working flusd as shown in Fig. 1{1) is wsed instead of metal wire, The
toeat transfer from the tube surface to its fin is the combination of
conduction throgh the capillary rube material and convective beat
transfer through the boiling and condensation of the working fluid
Irnsidde the capilliry mbe, Akachi et 4L [B] explained the basic boiling

d et fransder mech i heat pipe
(or pulsating heat pipe) including the oscillating movemsnt of the
working fluid which is co-existing of liguid shigs and vapor bubbles
i the capillary abong the mbe bength.

There are manry research works reparting the performance of 2
pulsating heat pipe. for example, Gi and Maczawa [9] and Miyazaki
(1] appiied the oscillating heat pipe to coal the CU of a notebook
computer. Meena et al [11] wsed an oscillating heat pipe for
recovering waste heat from industrial process. Charcensawan et al,
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exchanger for heat transfer enhancement

- 112] and Khandekar et al [13] investigated the performance of an

ascillating heat pipe and also observed the phenomena via a

visualization technique, A semi-cmpirical modeling was also devel-

oped, Charoensawan and Terdtoon | 14] developed a semi-empirical

correlation for predicting the pe ¢ of a horizontal closed-loop

1.

2.

3

4,

e oscillating heat pipe of which the effect of Prandtl number, Karman
number, modified Jacob number, Bond number and Kuthateladze

- number was considered.
In this study, the new design by taking an escillating heat pipe as
an ded surface of a wi tube has P The
thermal pers e of 3 newly-designed wire-on-tube hear ex-

changer has been investigated and a semi-empirical model for
predicting heat ransfer characteristic has also been developed.
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Use of oscillating heat pipe technique as extended surface in wire-on-tube heat

exchanger for heat transfer enhancement
2 Experimental set-up

A wire-on-tube heat exchanger using an oscillating heat pipe a5 its
extended surface is installed in 2 standand wind tanned for testing
vy flow heat exchanger as shows I Fig. 2{a), AN air stream 3t ioom
temperature fow b flowing acoss. the tested wire-on-qube heat
exchanger having het water crculating imside the tubes in this
expesiment, the water fow rate was kept at 3 conszant flow rate of
I Lmin An s ised for witha
peecinion of £0.1 Limin. The water inlet temperature of the heat
exchanger wan vasied from 45 1o &5 'C. Both inlet and outhet water

) Wind eamnsl for srwting ot exchanger

j—
" o Mo

TS

trmperatirs were messed by & st of ¢alibessnd K-rype (Bermo-
conples s the vgnsly weee reerded by 3 irmperature data logpey

The air firwr acros the heat exchanges was generaed try a 15 W
ceniridugal s blower with 2 concoable range of 1215 ky's by

ol enerml tube and i srlaors werr aha meaud by anctbe et of
K-type thersensple, Note that al of thersonpies husd b cal-
Brated 19401 °C aecuracy

Fig. 3(b) shiws the dimensions of the wireon-tibe heat
wtampen. More detail o the hwat exchanper and besking condstion
v s s i Ralide 1. shoud be oo hat. e capitasy fube 1y
arnached 1 the external rube wiface by sxy-setyiene g wekling.
The capillary tube with chosed-hoop bs attached sn both skies of the

) i - e e e

ioNoiony
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Table |
Dimension of heat exchanger and testing condition.

1. Data reduction
hem Vale
In the expuerimens. the tube-side ad (B ab-side heat tramder raies
o Ehe teited wire-on-tube beat echanger coukd be evalusted fom AR T ]
Mumber of tube in row n
Qo = R CPiTu=To n» Tike 51 cm
Tube otside dlameter 2225em
Tutwe thickness 0
i a Tube pitch Sm
Q= T =T e o e
where (s the beat tramser rate of heat exchanger.  is the mas Capillary tube
flow cate, Cp is the specific heat, and Tis the temperatune {subscripts Capillary tube diameter OMEem
a0 @ 4t AN K, waber, inbet s ewtlet reigectively], Ihr Capillary tube lesgih. 7m
ence of the heat iranse aces betwoen Eq. (1] and (2 Capallary tube thickness 02
Mumber of turn (both sides) ”
‘calculation i the mathematical average of the air-sade and i v 28 cm
wide heat trander rates as Capillary tube material
Tesing ceeditions
Working fisid K123, methanol and acetome
Q= 050, + Q). 3] Filling ratin 0% of 1ntal capillacy tide vohume
Aass flow Fate of 3l 02-15 kg's
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