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ABSTRACT

A transient one dimensional simulation of a finrtetle heat exchanger was carried out to demonstnate
temperature variation and flow paths on the finaetube sides. The finned tube heat exchanger nuzatedlso be used in
cycle analysis where it is used in conjunction vather models. The objective of the simulatioroisitmulate the response
of a finned tube heat exchanger to a specified ¢ézatpre and pressure transient. Elements repregbat the flow paths
on the finned or tube sides were built up fromrmedrated network, or they model the heat trarfsfen the fluid on the
tube side, through the tube wall and fins to thidfbn the finned side. Intersection between thadd side fluid path and
the tube side fluid path is considered as a comtthime. The thermal inertia of the solid tube veaitl fin material and the
fluid volume were taken into account in the modgliof transient simulations. It is shown that inamgiing such
simulation emphasizes that the tube wall tempegadind the finned side air temperature stays contaeach tube pass

through the heat exchanger.
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INTRODUCTION

The finned tube exchanger model is a distributeddehdhat is build up form an integrated network of
one-dimensional elements. These elements repregteet the flow paths on the finned or tube sideshey model the
heat transfer from the fluid on the tube side, tigtothe tube wall and fins to the fluid on the &drside. In figure 1, it is
shown that each intersection between the finned 8idd path and the tube side fluid path is coestd as a control
volume and the typical element network of a siraglatrol volume is shown. The thermal inertia of siedid tube wall and

fin material and the fluid volume are taken inte@ant in the modeling of transient simulations.
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Figure 1: Finned Tube Heat Exchanger Model
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The finned tube heat exchanger with two paralleuits, ten rows and five passes are simulatech Biokes use
air as working fluid. The inlet temperature andsstee of the air on the finned side is 15@@d 350 KPa respectively.
The inlet temperature and pressure of the air enttbe side is 30Cand 350 KPa respectively. The finned side has a
pressure drop of 1 KPa and the tube side has ayveedrop of 2.2 KPa. During the transient eveatftilowing events

were specified:
« at1 second the finned side inlet temperature amgad from 150 to 300°C
e At 10 seconds the finned side inlet pressure isghd from 350 to 500 KPa.
e At 20 seconds the tube inlet pressure is changed 350 to 500 KPa.

« At 25 seconds the finned side inlet pressure amghéeature are changed from 500 KPa and 860350KPa and
200 C respectively. At the same time the tube side ipfessure and temperature are changed from 500KdPa a
30 Co to 350KPa and 25@espectively.

Theory

In a heat exchanger, the two fluids namely: hot emid, are separated by a metal wall. Under thigliton the

rate of heat transfer will depend on the overaistance to heat transfer given by the equation:

1 1 x 1

= + +
U.A, h.A, k4, — h,A,
1)

Where

U; = Overall heat transfer coefficient based on iravea [Kcal/hr hC]
Uo = Overall heat transfer coefficient based on oaten [Kcal/hr fhC]
Hi,h = Inside and outside film heat transfer coeffitsgjKcal/hr nf C]
Ai, Aq = Inside and outside surface area [m2]

When viscous liquids are heated in a double pifze rchanger or any standard heat exchanger byeneimg
steam or hot fluid of low viscosity, the film heeansfer coefficient of the viscous liquid will Imeuch smaller than that on
the hot fluid side and will therefore, become coltitng resistance for heat transfer. This conditismlso present in case
of air or gas heaters where the gas side film traasfer coefficient will be very low (typically dhe order of 0.01 to
0.0005 times) compared to that for the liquid onaensing vapor on the other side. Since, the haasfer coefficient of
viscous fluid or gas cannot be improved much, thig alternative is to increase the area availabteneat transfer on that
side so that its resistance to heat transfer caredeced. To conserve space and to reduce theteguipment in these
cases, certain type of heat exchange surfacesdoaltended surfaces, have been developed in whiside area of tube

is increased many fold by fins and other appendages

Two types of fins, are in common use: longitudifias and transverse fins. Longitudinal fins arecusénen the
direction of flow of the fluid is parallel to theia of tube and transverse fins are used whenitketobn of the flow of the

fluid is across the tube. Spikes, pins, studs orespare also used for either direction of flow.

The outside are of a finned tube consists of twasparea of fins and the area of bare tube noérmeal by the

Index Copernicus Value: 3.0 - Articles can be senb editor.bestjournals@gmail.com



Modeling of Transient Temperature Change in FinnedlTube Heat Exchanger 33

bases of fins. A unit area of fin surface is noefigient as a unit area of bare tube surface lmezaf the added resistance
to the heat flow by conduction through the fintabase. The expression for fin efficiencies camldx@ved by solving the
general differential equation of heat conductiothvsuitable boundary conditions. Generally threarary conditions

are used:
» Fin of infinite length so that there is no heasiiation from its tip, or in other words
* Temperature at the tip of fin is same as that efstinrounding fluid.

» Insulated tip. This condition even though cannotrbalized in practice, but considering that the aiga is
negligible as compared to the total fin area, ldésgipated from tip can be neglected and hencex it/assumed

to be zero at the tip.

» Finite heat dissipation from the tip. Even thoubh aissumption of insulated tip is invalid, mosttuf fins are

treated under this category, and longitudinal fficiency for this case is given by the expression.

_ tanh( mL)

I7 i
A mlL 2)

Where

hC
m= |—
kA

h = film heat transfer coefficient from the fin fage [Kcal/hrm.C]

®)

C = circumference of the fin [m]
K = thermal conductivity of fin material [Kcal/hr @]
A = cross-sectional area of fin fin

"From the above equation, it can be seen thatithefficiency is a function of mL, and as the valoemL
increases, the fin efficiency decreases. A readenattue of fin efficiency will be around 50 to 75% which mL should
have a value between 1 and 2. If the fin heighthdutd be sufficient (of the order of 5 to 8 cmenht can be seen that the
value of h should be around 10 to 20 which can isengby air in natural convection. The value offiheat transfer
coefficient for any other liquid in natural conviect, or any gas in forced convection will be muahhler than 20. Thus,

the given set-up is used for heat transfer toraivatural convection region.
Calculations were based on:
e Circumference of fin (C):
C=2(w+b) (m)
» Cross-sectional area of fin (A):

A = wxb (nf)
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» Fin area available for heat transfer:
A= CxLxN (nf)

* Tube area available for heat transfer in finnectokat exchanger:
AB = (11D —Nb)xw (m)

» Total area of finned tube heat exchanger:
A= A:+ Ag (M)

* Heat given out by steam through finned tube heeth@xger (Q1):
Q= (my x)xA (Kcal/ hr)

e Heat given out by steam through bare tube (Q2):
Q= (mp, X)X\ (Kcal / hr)
Wherel = latent heat of vaporization of water at steagspure (Kcal/kg)

» Film heat transfer coefficient from bare tube (h):
he 2
(AXAT)
(kcal/hrnfC®)
A=11DL (nf)
ATz(-I—stearﬁ-rambien) (C))
* Amount of heat actually dissipated by fin:
Qi = Q, — (Ag XX AT (kcal /hr)
* Amount of heat that can be dissipated by ideal fin:
Qi = A XNXAT (kecal /hr)

e Observed value of fin efficiency:

—_ inn

/7 observed T
Q ideal

RESULTS AND DISCUSIONS

The results are compared to a distributed mode{Niet. The comparison between the temperature s
shown in figure (2). It can be seen that at 1 sdashen the finned side temperature increases t€3@th the finned

side outlet and tube side outlet temperatures asa® gradually. At 10 seconds when the finned isikd¢ pressure is
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increased, the outlet temperature of both the finside and tube side increases almost as quidkeaspecified transient
event. This is due to the sudden increase in mMawsdn the finned side. At 20 seconds the tube pidssure is also
increased and this causes the finned side outtetwdre side outlet temperature to decrease sudd€hly is due to the

sudden increase of mass flow on the tube sideishable to remove more heat received from the finsiele. At 25
seconds both sides experience a pressure and temgeiransient.

The quick response of the outlet temperatures gaéalue to the sudden change in mass flows. Tfierghe

gradual decrease of the outlet temperatures wenegetd the outlet temperature on both sides onlgggdhgradually due

to the thermal capacitance of the tube wall solatamal. It can be seen that the thermal inertighefsolid material is

much larger that the thermal inertia due to thafkkolume by comparing the transient temperatuspaoase of the outlet
temperatures when a step input was specified ankbie
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Figure 2: Finned and Tube Sides Temperatures for Tansient Event

The pressure difference across the tube wall, etbtinds at the end of each pass through the hebhamger,

during the transient event is shown in figure [@¥)e largest pressure difference across the tubleisra¢tween 10 and 20
seconds and has a value of 15 kPa.
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Figure 3: Pressure Difference across Tube Wall

The fluid temperature distribution on the fin andbé sides of the heat exchanger and the tube &majpédrature
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for the last time step of the transient is showfigare (4). It can be seen that the tube wall terafure and the finned side

air temperature stays constant for each tube pessgh the heat exchanger.
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Figure 4: Temperature Distribution Along Tube Length
CONCLUSIONS

The thermal fluid transient simulation of a finnkedbe heat exchanger was discussed. The thermékindrthe
finned tube heat exchanger was visible in the teatpee results. Depending on the design criteifégrént variables can
be monitored during the transient event, e.g. \ités; pressure difference between the fin and tsides. From the
temperature graph it can also be determined whéttleelneat exchanger would provide the design pmitiet temperature

for the specified transient even.
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