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Abstract

In this thesis, heat transfer analysis of refrigerant flow in a condenser tube has been done. The main objective of this thesis is to
find the length of the condenser tube for a pre-defined refrigerant inlet state such that the refrigerant at the tube outlet is
saturated liquid or sub cooled liquid. The inlet refrigerant condition is saturated vapor. The problem involves refrigerant flowing
inside a straight, horizontal copper tube over which air is in cross flow. Inlet condition of the both fluids and condenser tube
detail except its length are specified. Here, changing pressure at discrete points along the tube is calculated by using two-phase
frictional pressure drop and momentum equation mode. The heat transfer calculation has done by using condensation heat
transfer correlations and simple heat transfer equations. The inside heat transfer coefficient calculated by using two phase heat
transfer coefficient correlation. The unknown length of condenser tube has discrete many numbers of small elements. Each and
every element has a calculations based on the pressure drop as well as heat transfer based on those correlation and every element
calculated properties of refrigerant values has to check its states. At end of the iteration, a last element has reached saturated
liquid condition of refrigerant and stops the entire calculation. So the length of condenser tube has been calculated by number of
iteration and number of nodes with its distance. Predicted values were compared using another condensation heat transfer
correlations. A computer-code using Turbo C has been developed for performing the entire calculation.
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1. INTRODUCTION except its length are specified. The main objective is to find
i . L the length of the condenser tube for a pre defined inlet

In internal condensation, the vapor and liquid flow refrigerant state such that the refrigerant at the tube outlet is

simultaneously flows inside the channel or pipe. The saturated liquid or sub cooled liquid.

resulting two phase flow is more complicated physically

than single phase flow. Also the usual inertia, viscous and

pressure forces present in single phase flow and two phase -

flows. These are affected by interfacial tension forces, the Zan\ N

wetting characteristics of the liquid on the tube wall and the H-~|—+ T ﬂ B

exchange of momentum between the liquid and vapor \Jrj/ _______________

phases in the flow. Because of these effects, the analysis of j

two phase flow patterns varies for different geometries of
channels or tubes and their orientations. Condensation inside
horizontal tubes is governed by a combination of gravity . o
forces and interfacial shear stresses, the relative contribution R
of which change with geometry and fluid flow conditions.

EE

R Aer-4]

( ()
Generalized analytical treatment of the vapor — liquid flow REPROSRT %7 — ol T
is extremely difficult due to this. L) P |
An important and still growing part of the engineering Fig -2: Problem Visualization
research community has been devoted in the last few
decades to scaling down devices, while keeping or even 3. SOLUTION APPROACH

increasing their functionality. We require two properties to fix the state of the refrigerant

i.e., pressure and enthalpy. In this analysis pressure and

2. PROBLEM DESCRIPTION enthalpy can be found at discrete points along the length of
The problem involves refrigerant flowing through a straight, the tube. For calculating enthalpy one ordinary differential
horizontal copper tube over which air is in cross flow. Inlet equation is required. This can be obtained by balancing
conditions of both the fluids and condenser tube detail energy, which flows through an elementary strip.
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In equation, ¢; and o, are inside and outside heat transfer
coefficients respectively. The inside heat transfer
coefficients can be found from condensation heat transfer
correlations by Cavallini-Zecchin and outside heat transfer
coefficient is calculated from the correlations of flow over
bodies. Then enthalpy at next node can be found by using
above equation.

3.1. Pressure Drop Calculations

For calculating the pressure we require another differential
equation, which gives the pressure drop between two nodes.
Pressure drop includes both frictional pressure drop as well
as acceleration pressure drop. Frictional pressure drop can
be obtained from Lockhard and Martinelli model.
Acceleration pressure drop can be obtained from momentum
equation along axial direction.

_dp} ~ 2 fqu Gz(l—)()2
| dz lig Dpliq

_dp} 2 f. G*X?
_dZ vap D pvap

The flow decelerates along the condensation path resulting
in an increase in pressure. If we use appropriately averaged
velocities for each phase, and a constant tube-diameter, we
can obtain the acceleration pressure drop using a simplified,
one-dimensional momentum equation.In two-phase flow,
the momentum changes of both the A force balance on a
liquid and the vapor must be taken into account.

2 2 2 2
AP =G X2 @-Xy || X A-X)
pvape pliq (1_‘9) out pvape pliq (1_0) in
By using pressure and enthalpy, state of the refrigerant can
be fixed at next node. Length of the tube can be found by

marching from one node to another until the state of the
refrigerant is saturated liquid or sub cooled liquid.

3.2 Input Parameters to be specified

o  Refrigerant inlet pressure
o  Refrigerant inlet temperature
o Name of the refrigerant

Mass flow rate of the refrigerant
Air velocity

Air temperature

Inner diameter of the tube

Outer diameter of the tube
Space between two nodes

3.3 Over-all Heat Transfer Coefficient Calculation
The average heat transfer coefficient is obtained by
integrating the local heat transfer correlations over the
quality range of the corresponding condensing length. In
addition, correlations may be specific or general. Specific
correlations apply to particular fluids or flow regimes, while
general correlations can be used for several types of fluids.
The wvarious heat transfer coefficient correlations for
condensation considered for the simulation. Those are listed
below

3.3.1Cavallini-Zecchin correlation

K
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3.3.2 Shah Correlation

7000 < Re,, <53000
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3.4 Air Side Heat Transfer Coefficients

Air side heat transfer coefficients were calculated from the
experimental data using a Wilson plot, a technique
developed to determine the individual heat transfer
coefficients in a heat exchanger. Alternatively, tabulated
data may be used. When using data from the literature, it is
important to choose a condenser design that closely
resembles the one being simulated.
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Tablel. Value of C and m

Rep C m

04-4 0.989 0.330
4-40 0.911 0.385
40 -4000 0.683 0.466
4000 - 40000 0.193 0.618
40000 - 400000 0.0266 [0.805

4. RESULTS AND DISCUSSIONS

The following data are input to the computer code.

Inner diameter of the tube -.5,10,15,20 and 25 mm
Outer diameter of the tube - 7,12,17,22 and 27 mm
Space between two nodes -5 mm

. Refrigerant inlet pressure - 18.121 bar

. Refrigerant inlet Enthalpy - 417.54 KJ/ Kg

e  Name of the refrigerant - R-22

. Mass flow rate of the refrigerant- 30,45 and 60 Kg/s
e  Air velocity -4dm/s

e Air temperature -25°C

[ ]

[ ]

[ ]

As the inside diameter decreases, the required length of heat
exchanger increases. The flow regime becomes wavy over a
substantial portion of the heat exchanger. In the wavy flow
regime, increase in the diameter decreases the thermal
resistance, which results in a slightly shorter heat exchanger.
This same thing occurs at both flow rates, as exhibited by
the similar shape of the curves. The low mass flow rate
curves are exhibits substantially less sensitivity to diameter
because the refrigerant side resistance is much smaller when
compared to the air side resistance. It is shown in below
figure-3.

The two phase frictional flow multiplier increases along the
length due to increase of velocity of both phases. Therefore,
frictional pressure drop increases. When the mass flow rate
increases, two phase velocity increases. As the velocity
increases shear stress between the fluid and the tube wall
increases. So pressure drop increases. It is shown in below
figure-4.

Enthalpy decreases along length of the tube linearly, which
is got from an ordinary linear differential equation. Enthalpy
difference is inversely proportional to the mass flow rate of
the refrigerant. Total resistance to the heat transfer is
varying linearly along the length of tube. If the mass flow
rate increases enthalpy difference decreases for same length
of the tube. It is shown in below figure-5.

Saturated temperature decreases along length of the tube. It
behaves similar to pressure. As the flow progresses saturated
pressure decreases thereby temperature decreases. For the

larger mass flow rate the slope of the curve is larger, hence
the temperature difference is more for larger mass flow rate.
It is shown in below figure-6.

Dryness fraction decreases linearly along length of the tube.
It behaves similar to enthalpy. The slope of the curve with
lower mass flow rate is lowest. So for a given length, change
in dryness fraction is large for largest mass flow rate. Length
of the tube for lowest mass flow rate of refrigerant is small.
It is shown in figure-7.

Inside heat transfer coefficient decreases along the length of
the tube. At high quality regions i.e., at entrance of the tube,
there is more significance of mass flow rate on heat transfer
coefficient and in that region forced convective
condensation is predominant. As the dryness fraction
decreases film condensation occurs. If the mass flow rate of
the refrigerant increases, heat supplied to the tube is taken
away faster, which eventually increases heat transfer. In
other words higher velocity yields higher heat transfer
coefficients. It is shown in figure-8.

Outside heat transfer coefficient increases along the length
of the tube as outside wall temperature decreases. It is
having less significance compared to inside heat transfer
coefficient. Slope of the curve with larger mass flow rate is
small. It is shown in figure-9.

Inside heat transfer coefficient along the length of the tube
varies linearly in Cavallini-Zecchin correlation. But shah
correlation shows that there is a large variation in the value
at the beginning as well as the end of the condensation. It is
shown in figure 10.

Length of condenser tube for different mass flow rates and
different correlations are compared and finally checked for
energy conservation. It is shown in below table.

Table2. Comparison of energy balance and Length of
condenser tube for different mass flow rates

S. | Mass | correlatio | Heat Heat Length

N | flow | ns gained lost by | (m)

o | rate(k by refriger

g/hr) air(W) ant(W)

Cavallini- | 5650 05 | 2655.04 | 59.81
Zecchin

1|60 Shah 2655.32 | 2655.25 | 60.17
;ra"'ss ® | 2655.23 | 2655.20 | 60.36
Cavallini- | 1905 55 | 1985.25 | 44.725
Zecchin

2 | 45 Shah 1985.17 | 1985.17 | 45.05
;ra"'ss ® | 1085.34 | 1985.24 | 45.23
Cavallini- | 1321.13 | 1321.13 | 30.56
Zecchin

3 130 Shah 1321.06 | 1321.02 | 30.36
Traviss et | 1321.14 | 1321.09 | 30.51
al
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Fig -3: Variation of length of the tube along the different
diameter of tube with different mass flow rates
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Fig -4: Variation of Pressure of R-22 along length of the
condenser tube for different mass flow rates
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Fig -5: Variation of enthalpy of R-22 along length of the
condenser tube for different mass flow rates

Tamps e N

30 Kgmr
45 Mgmr
S0 Kgmr

=5

T T T T T T T T T T T T T 1
B 5 11 15§ @ 5 W 5 & & 3 5 & 5
Lengi aTihe Toke B m

Fig -6: Variation of Temperature of R-22 along length of
the condenser tube for different mass flow rates
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Fig -7: Variation of Dryness fraction of R-22 along length
of the condenser tube for different mass flow rates
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Fig -8: Variation of inside heat transfer coefficient of R-22

along length of the condenser tube for different mass flow

rates

Volume: 03 Issue: 11 | Nov-2014, Available @ http://www.ijret.org

40



IJRET: International Journal of Research in Engineering and Technology

elSSN: 2319-1163 | pISSN: 2321-7308

— e
45 Wi

[ p— 50 KT

E

= |

= I -

Arnkd HatTaleRrCmtebit
RN

T T T T T T T T T T T T T 1
F o3P 12N R N B HE ™ s as
Lespih of e Take nm

b

Fig -9: Variation of Air side heat transfer coefficient of R-
22 along length of the condenser tube for different mass

flow rates
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Fig -10: Variation of Inside heat transfer coefficient of R-22

along length of the condenser tube at 45 kg/hr mass flow

rate for different correlations

5. CONCLUSIONS

Pressure decreases along length of the tube as
frictional flow multiplier increases due to increase of
velocity of both phases (liquid and vapor). If the mass
flow rate increases, two-phase velocity increases and
therefore pressure drop increases. So frictional
pressure drop is large. At larger saturation pressures,
ratio of densities of liquid and vapor of refrigerant is
low. Observed frictional pressure drop was small at
larger saturation pressures.

Enthalpy decreases along length of the tube. The
difference in enthalpy is inversely proportional to
mass flow rate. If the mass flow rate is large, enthalpy
decrement less. At larger saturation pressures the
observed enthalpy difference was small due to lower
overall temperature difference and overall resistance
to flow was large.

Inside heat transfer coefficient decreases along the
length of the tube. This is due to increasing of heat
flux along the tube. If the mass flow rate increases,

increasing heat transfer was observed due to larger
velocities. This is due to direct condensation of
decelerating vapor and complete suppressing of
condensation heat transfer.

It was observed that if the mass flow rate increases,
length of the tube was increasing due to larger
pressure drop and less decrement in enthalpy.

The obtained results were satisfactory and energy was
conserved for all refrigerant inlet states.
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