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ARTICLE INFORMATION ABSTRACT

Original Research Paper In contrast with two stream heat exchangers, the three stream ones owns much more complexity in
Received 13 May 2017 design and rating and a comprehensive rating method has not been proposed, yet. In this paper, a new
Accepted 18 June 2017 rating method is presented in order to be used in three stream plate —fin heat exchangers. Rating, in heat

Available Online 18 August 2017 exchangers, means finding out the heat load of the heat exchanger or in other words calculating the

Keywords: outlet temperature of each stream and furthermore, determining the pressure drops of each stream. In

Three Stream Plates —Fin Heat Exchanger this paper, thg differe_ntial eqqatiops of energy conservation and h'eat balance of each steam is extfacted
Rating and a set of differential equations in terms of outlet temperatures is constructed. The general solution of
Parametric Study this set of equations is then extracted. In order to expand the general solution to plate —fin heat
Thermal Modeling exchangers, the geometric, thermal and hydraulic modeling are applied based on fin geometric

Pressure Drop

Rectangular Fin specification which used rectangular type in this paper without losing generality. Based on all of the

extracted equations, a comprehensive algorithm of rating of the three stream plate —fin heat exchangers
is presented. In order to evaluate the presented algorithm, a case study is used and the results will be
shown. Furthermore, a parametric study is applied to the case study to evaluate the effects of the
geometric parameters of the fins such as height and frequency on heat load and pressure drop of the heat
exchanger.
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Table 2 The Properties of Streams and Geometric Properties of the heat
exchanger of the Case Study

Sy slagl > pr ok Slatie

c2 c1 H1
3295 553.5 975.3 C (WIK)
49.0 18 246.3 Tin (°C)
200 200 200 L (mm)
2 2 2 tp (mm)
6 6 6 N
5L 5L 3L ok 5l

83,90 axlas LRSS oslazul bej (WD Slasin 3 Jg-\’
Table 3 the Geometric Properties of Case Study Fins

Algorithm input: The operational properties and inlet temperature
of all of the streams, geometric parameters of the heat exchanger
and fins (b, s, t¢, L and W) of the three streams.

¢

Geometric calculation of the fins: dj, (36), Ass (37) and Ay, (39)
in terms of the b, s, t¢, L and W for all three streams

Calculation for finding out the Colburn factors and Fanning factors
function of the fins: Plotting the j and f in terms of the Reynolds
number, Finding the power function and extracting the C; and y for
Colburn factor and € and x for the Fanning factor.

¢

Thermal calculation of streams: Finding the Re (53), j (51), h (50),
UA;; (49) and NTU, (11) for each stream and for their connections.

oy slagh > 5 ol st
c2 c1 H1

8.38 6.35 5.18 mm)y b glis )|
0.152 0.152 0.152 MM) o Casld
581 782 1015 e oo o S
2.590 1.151 1.875 mm) (Sdg,oun s
75 5.46 4.25 MMy 5,0 9>ly p b,z ol o
1378 2807.1 1840.6 O o 4 e o
0.884 0.884 0.849 IS 4 b gl

383

y

The calculations related to the solution of the extracted
(20), Ry (12), R, (13), 6; (14) and C;; differential equation: £
(15) for each stream and for their connections.

'

The calculations related to the solution of the differential
equation: a (31), B (30), y (29), s1 (27), s, (28), E~ (&) (26),
E* (&) (25) for all of the streams of the heat exchanger.

'

Constructing the ¢;(£) and ¥; (%) functions. the table 1.

v

Calculating the 8, 5—( (23) and 65 -, (24) and
temperature profiles of each stream 6;(%) for j = 1,2,3.

v

Calculating outlet temperatures 6; oyt (32), 6204t (33) and
03 out (34) and finally Tj o for j = 1,2,3.

'

Hydraulic calculation of each streams: f (37) and AP (38).

'

Print the results.

Fig. 4 A typical schematic of plate-fin heat exchanger with rectangular
fins
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Fig. 6 The Graph of Fanning Factor Versus Reynolds Number Based
on Experimental Data of Fins Used in the Case Study
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Table 4 the Calculated Coefficients of Colburn and Fanning Factors of
the Fins
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Cc2 Cl H1
0.0760 0.8417 0.2444 G
0.3649 0.7502 0.5256 x
1.6541 7.2052 3.6091 Ce
0.6083 0.8852 0.7387 y
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Fig. 7 The Temperature Profile of the Three Stream Heat Exchanger of
the Case Study Versus Specific Length
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Table 5 the Results of Rating Design of the Case Study Heat
Exchanger
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Fig. 5 The Graph of Colburn Factor Versus Reynolds Number Based
on Experimental Data of Fins Used in the Case Study
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Fig. 8 The Diagram of the Effect of the Fin Height of the Hot Stream
on Outlet Temperature of Hot Stream in Constant Fin Frequency
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Fig. 9 The Diagram of the Effect of the Fin Height of the Hot Stream
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