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Plate-fin heat exchangers are widely used in refrigeration technique. They are popular because of their compactness
and excellent heat transfer performance. Here we present a numerical model for the development, research and optimi-
zation of a plate-fin heat exchanger for a rotary-vane gas refrigeration machine. The method of analysis by graphic
method of plate - fin heat exchanger is proposed. The model describes the effects of secondary parameters such as axial
thermal conductivity through a metal matrix of the heat exchanger. The influence of geometric parameters and heat
transfer coefficient is studied. Graphs of dependences of length, efficiency of a fin and pressure drop in a heat exchang-
er on the thickness of the fin and the number of fins per meter are obtained. To analyze the results of numerical simula-
tion, the heat exchanger was designed in the Aspen HYSYS program. The simulation results show that the total devia-
tion from the proposed numerical model is not more than 15%.
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YucenbHe gocnimKeHHA KOMMNAKTHOroO NylaCTMHYaTo-pedpurcToro Tennoo-
OMiHHMKaA AnAa pOTOpPHO-NonaTeBol ra30BOI XONOoAUNbHOI MAaLLUHN

B. B. Tpanoadgpinos, M. I. Xmenwvniok
Opecrka HamioHabHA aKaJeMis XapuoBUX TeXHOIOTiH, By1. Kanatna, 112, Oneca, 65039, Ykpaina

ITnacmunuamo-pebpucmi menioo0OMIHHUKYU WUPOKO BUKOPUCTIOBYVIOMbCA 8 XOJOOUNbHIU mexuiyi. Bonu nonynsaphi 3a-
80AKU IX KOMNAKMHOCMI ma 4y0osii menionepedaui. Y cmammi npeocmasieno yucenvhy mooens 0 po3pooKu, 0oc-
JHONCEHHs | OnmMUMIzayii NIACMUHYamo-peopucmoz2o menio0OMiHHUKA Ol POMOPHO-TONAMESIU 2430801 X0100UIbHOL
MawuHy. 3anpononHo8ano MemoouKy auanizy spapiuHumM Memooom NIACMUH4amo — pedpucmo20 meniooOMiHHUKA.
Mooens onucye epexmu 6mopunnux napamempis, Makux AK aKCialbHA MenIONPOSIOHICIb uepe3 Memaneay Mampuyio
mennoobminnuka. Busueno ennue ceomempuynux napamempie ma xoegiyicnma menionepedadi. Ompumano zpagixu
3anexHcHOCmell 008XHCUHU, eheKmUsHOCmi pebpa ma NAJIHHI MUCKY 8 MeNI00OMIHHUKY 610 MOSWUHU pedpa ma Kilb-
Kocmi pebep na memp. i ananizy pe3yiomamié YuUceibHo20 MOOEN06aHHs Meni000MIHHUK 6Y8 CnpOeKmoGanull 6
npoepami Aspen HYSYS. Pesynomamu mooentosanms nokazyoms, wo 3a2aibhe 6iOXULeHHs 6I0 3anpOonoHO8AHOI Yuce-
JIbHOT MoOeni cmarosums He Oinvue Hixe 15%.

Knrouosi cnosa: Pomopuo-nonamesa 2azosa xonoounvua mawuna;, Ilnacmunuamo-pedpucmuii menioobminnux; Yuce-
abHa mooenw; I eniu
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1 Introduction

Plate-fin heat exchangers (PFHE) having very high ef-
fectiveness (>0.95) are employed in modern helium refrig-
eration systems. These devices are constructively per-
formed counter-current, cross-flow and straight-through. In
terms of mass-size and performance indicators, these devic-
es are considered effective compact heat exchangers. The
compactness of the surface in them is 1000 - 3000 m*/n’.
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There are surfaces, compactness of which reaches 6000
m?/m® [1].

The major applications of PFHE demand them to pos-
sess the properties of high thermal conductivity so as to
enable high heat transfer [2]. Further, the material needs to
retain its strength and ductility even at low temperatures.
Therefore, amongst all the materials, aluminum alloys (Al
3003 and Al 6061) were found to be most suitable for the
construction of heat exchanger. In the current design,
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Nomenclature

L length (m)
H height (m)
W width (m)

ts fin thickness (m)

h fin height (m)

gas specific heat for constant pres-
sure (kJ/kgK)

T temperature (K)

h heat transfer coefficient (W/m?K)
A;  Free flow area (m?)

AP pressure drop (Pa)

j Colburn factor

p density (kg/m®)

m mass (kg)

Ni fin efficiency (%)

heat transfer (W) f friction factor
Al 3003 was selected as the base material on account of its m
low cost and high manufacturing ability. G=— )
Therefore, the design of compact and high-effectiveness A

PFHE requires careful consideration of axial heat conduc-
tion. In addition, working fluid properties and metal con-
ductivity change considerably with temperature and can
lead to significant errors in models that assume constant
properties. Herein, we present a numerical model that ex-
plicitly accounts for the effect of axial conduction and vari-
able properties and discuss the initial results. Ilustration of
PFHE is shown on figure 1.
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Figure 1 — lllustration of PFHE

2 Numerical heat exchanger model

The Reynolds number (Re) is a measure of flow charac-
teristic of heat exchanger. It is directly proportional to the
flow momentum rate and inversely proportional to the vis-
cous force for a specified geometry:

_G'Dh
U

Re

M

The value of Re is different for all the streams. For the
value of G in case of all the streams are, Gy, Gy, G, for hot
1, hot 2 and cold stream respectively for different mass
flow rates and different values of free flow area such as As,
Axro, Arec respectively.

By employing continuous expressions of Fanning fric-
tion factor f and Colburn factor j, which are functions of
Reynolds number and basic fin geometry parameters. For
120<Re<10*:

_ el S 0.192 tf -0.208
j=0.233-Re %% 2 . ®)
b b
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f =0.029-Re — — (4)
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The optimum compact heat exchanger is a trade-off be-
tween selecting surfaces with higher j factors (to

minimize required heat transfer area) and selecting sur-
faces with lower f/j ratios to achieve better heat transfer for
the permitted pressure drop. What is considered ‘optimum’
is driven by end-user requirements, some examples being
minimal cost, weight, installed height, or footprint.

The heat transfer coefficient and pressure drop are:

h=j-G-c,-Pr?? (5)
2
AP = 2 ﬂI_DG (6)
Py
The length L can be determined by:
L= L )
UA-LMTD

Where, log mean temperature difference (LMTD) can
be calculated by:

LMTD — (Thl—i _Tco) B (Thl—o _Tci)

In (Thl—i _Tco) (8)

(Thl—o _Tci)
Assuming no heat transfer through the center of the fin,
treated as adiabatic, the fin efficiency n;of a fin is:
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7 = tanh(x) ©)
X
x=h 1B (10)
2tk

Where, outside h = fin height, under root h = heat trans-
fer coefficient, normally B value is taken as 2.25 for aver-
age condition.

3 Results and optimization

The primary objective of the process of optimization is
to obtain the required value of pressure drop while main-
taining the least possible size of the heat exchanger. Opti-
mization is performed to calculate the least possible size
while maintaining the needed pressure drop. The dimen

sions of fins and no. of layers are varied for obtaining the
minimum size. Fin thickness is varied from 0.2 mm to 0.8
mm for each of the fin frequency from 400 fins/m to 1000
fins/m per meter by keeping number of hot 1 and hot 2 he-
lium layers=9, cold helium layers = 36, height fin
h=7mm. Moreover assuming width =0.2 m. From the
above Fig. 2, we can conclude the following: 1) Pressure
drop of hot 1, hot 2, cold stream decreases with decreasing
the fin density and decreasing fin thickness also. 2) Length
of all the streams increases with decreasing fin density and
decreasing fin thickness. 3) Fin efficiency increases with
increasing fin thickness and increasing fin density for 400
fins/m. But for increasing fin density 500, 600 fins/m, fin
thickness increase up to 0.5 mm and then decreases as the
fin efficiency expression is a tan hyperbolic function. Tan
hyperbolic function’s value is maximum up to 0.5 mm
thickness then it decreases, so also the efficiency. Results
obtained from optimization are shown in table 1. Results
simulations the heat exchangers in the Aspen HYSYS are
shown on figure 3.
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Figure 2 — Changing Fin thickness w.r.t Fin density
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Table 1 — Output of optimization

Parameters Analytical results Aspentech software
Pressure drop (hot) 0.470 kPa 0.459 kPa
Pressure drop (cold) 0,017 MPa 0.019 MPa

No. of layers (N) 54 54
Fin height (h) 0,007 m 0,007 m
Fin thickness (t) 0.0002 m 0.0002 m
Fin density (n) 600 fins/m 600 fins/m
Heat transfer (Q) 15000 W 15000 W
Length (L) 0,2m 0.2m
Width (W) 0,2m 02m
Height (H) 0.4m 0.5m

Job Title:
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Figure 3 — PFHE from Aspentech results

4 Conclusions

A new design optimisation methodology for multi-
stream multi-pass plate-fin exchangers is developed and
successfully applied. In the optimisation, the basic fin geo-
metric parameters, such as fin length, width, height and
length, and numbers of passes and channels per pass are

considered as design variables. By employing the continu-
ous Nusselt number and friction factor expressions, varied
heat transfer coefficient and pressure drop can be complet-
ed simultaneously with pressure drop consideration. The
discrete flow arrangement selection problem can be over-
come by using enumeration and comparing the total capital
cost of heat exchanger. Eventually, the multi-stream multi-
pass plate-fin heat exchanger design optimisation problem
can be converted to a semi-continuous problem, which can
be solved efficiently.

The design of plate-fin heat exchanger is done in the
excel sheet followed by analysis and optimization by plot-
ting graphs to get lower values of volume, pressure drop
and maximum thermal efficiency. AL 3003 is used for
analysis, because of its low density, high thermal conduc-
tivity and high strength, ductility at low temperature. Ser-
rated fins are used because pressure drop is estimated with-
in the allowed value and also reduced size is achieved.
Finally, the overall dimension of the heat exchanger is
given as follows: L=02mH=05mW=0.2m.
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