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Abstract

The purpose of this study is to investigating single-phase(water) heat
transfer and pressure drop characteristics of Oblong Shell and Plate heat
exchanger (OSPHE) and offering fundamental data for experiment. Four
vertical counter flow channels were formed in the OSPHE by five
plates of geometry with a corrugated trapezoid shape of a chevron
angle of 45 degree. OSPHE is different from the conventional plate
heat exchanger. The plates that have an oblique pattern are elliptical in
shape and stacked together in contrary arrangements, which are enclosed
in a cylindrical shell. Although OSPHE is different from the conventional
rectangular plate heat exchanger, the underlying flow channels through

heat exchanger are the same as the conventional plate heat exchanger.



Single-phase heat transfer characteristics were measured for turbulent
water flow by using modified Wilson plot method. In order to
determine inside heat transfer coefficient, the outside heat transfer
resistance needs to be known. In the study, the outside heat transfer
resistance was varied and the overall heat transfer coefficient were
measured. The single-phase heat transfer coefficients of the inside were
obtained by using modified Wilson plot method. Also, the outside heat
transfer coefficients were obtained by the same method. This experiment
was performed in the 600 < Re < 2300. The empirical correlations are
provided for the measured heat transfer coefficients and pressure drops

in terms of the Nusselt number and friction factor.



Nomenclature

Cy
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Creek

2

: thermal area [m7]

: specific heat [JkgK]

: hydraulic diameter [m]

: friction factor [—]

: mass flux [kg/mzs]

: heat transfer coefficient [W/mzK]

: length from inlet port to exit port [m]

. mass flow rate [kg/s)

: pressure [N/mz]

: Prandtl Number [—]

: heat transfer rate [W]

: Reynolds Number [—]

: overall heat transfer coefficient [W/mZK]

: bulk mean velocity [m/s]
symbol

. difference

: density
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Subscripts

ave :

average

: cold side of the test section

: hot side of the test section

. inlet

: outlet

. water
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Cold ligud out

¢

Hot ligud in

f ’ Hol liquid out
Cold liguid 1

Fig. 1-1 Flow direction in the Oblong Shell and Plate heat exchanger.



Fig. 1-2 Schematic diagram of heat transfer

plate of the Oblong Shell and Plate

heat exchanger.
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Invert

Pump
Hot (Cold) water Test Cold (Hot) water
thermostatic Secetion thermostatic
bath bath
Mass flow meter Mass flow meter

Fig. 2-1 Schematic diagram of the single-phase heat transfer and

pressure drop experimental system.
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Photo. 2-1 Photograph of single phase water to water heat transfer

experimental system.
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Fig. 2-2 Schematic diagram of the Oblong Shell and Plate heat

exchanger.
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Table 2-1 Configuration of Oblong Shell and Plate heat exchanger

Plate material SUS 304
Shell material Steel
Plate length [m] 0.381
Port diameter [m] 0.025
Plate thickness [m] 0.0007
Working pressure [MPa] Max. 10
Working temperature [ C] Max. 400, Min. -196
Number of plate 4
Surface per plate [m”] 0.073
Chevron angie [ °] 45
Cold water Cold water
Plate sid
* ate sice Hot water
Hot water inlet
4
—
j
i
: }
Hot water Hot water
0 Il, outlet

Cold water

Shell side

Cold water

Fig. 2-3 Details of flow pattern in Oblong Shell and Plate heat

exchanger.
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Fig. 2-4 Heat balance in the test section.
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Fig. 3-1 Modified Wilson plot method result of heat transfer characte-
ristics for inside and outside in singlie-phase water-to-water

fest.
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0  Buonopane's correlation, Nu = 0.2536 R pr™

Marriot's correlation, Nu = 0.374 Re™** pr*

O Yan's correlation, Nu =0.2121 Re"™ pr'?

/ Nucal

2.0 -

Fig. 3-3 Comparison of the present data Nu with calculated Nu for
plate heat exchanger from Bounopane et al's correlation,

Marriott's correlation, and Yan et al's correlation.
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Fig. 3-5 Friction factor vs. Reynolds number.
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Fig. 3-6 Comparison of the present data f with calculated f for plate

heat exchanger from Edward's correlation, Cooper's correlation.

_33_



14
s ., - Blasius Eq. [ = 0.079
12| O Blasius' correlation asius Eq. J =4 5or
10
_ F o © 90 O g%gb@m
g sk Sg} O CQ
. s
~ s
g B
- °F
it
2
0 [ L 1 L L i 1 L
400 500 6060 700 800 92001000 2000 3000

Re

w

Fig. 3-7 Comparison of the present data f with calculated f using
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