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ABSTRACT

Pressure drop is of paramount importance in a fluid
flow. Single phase pressure drop occurs in a pure
liquid or pure gas flow. Two phase pressure drop
occurs in phase changing equipments like evaporators
and condensers of refrigeration air conditioning plants
and heat pumps. Maximum two/ three types of
pressure  drop  (frictional,  gravitational = and
acceleration) can occur in a single or two phase flow.
In each case, pressure drop take place in straight
pipes. Several empirical equations and correlations
have been developed and compared for the pressure
drop. Consequently well planned pipe layout and
judicious selection of proper pipe material, pipe
fittings and valves will result in reducing the overall
pressure drop which in turn will reduce the running
cost.
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1. INTRODUCTION

It is difference of pressure between two points in a
fluid flow. These two points can be at a horizontal
level or at different levels. Flow can be only liquid
flow or only gas flow or mixed flow (two phase flow).
The temperature difference is the driving force for
heat transfer. Voltage difference is the driving force
for current flow. Concentration difference is the
driving force for mass transfer. Similarly pressure
difference is the driving force for the flow of a fluid.
Pressure drop is extremely important in fluid flow. It
should be small otherwise it increases the cost of
operation of the fluid flow. Pressure drop is present in
a straight pipe and also across various types of pipe
fittings and valves. Only after careful analysis,

judicious selection is made regarding pipe material,
pipe roughness, pipe layout and orientation, fittings
and valves. In this review, pressure drop analysis has
been limited to a single phase flow as well as in a two
phase flow

II TYPES OF PRESSURE DROP
There are three types of pressure drop. These are

e  Frictional pressure drop
e Gravitational pressure drop
e Acceleration pressure drop in an evaporator or

condenser
111 SINGLE PHASE LIQUID FLOW
FRICTIONAL PRESSURE DROP IN A

STRAIGHT PIPE

It is considered under laminar and turbulent
flows.

a. Laminar Flow - Single Phase Frictional Pressure
Drop in a Laminar Flow is found with Darcy —
Weisbach Equation which is applicable only for
liquids with fully developed and steady flow. First
head loss (Ah) is calculated and then pressure drop
(Ap) is found. Darcy-Weisbach equation for
frictional head loss, 6hf, is

Ahf=fLV?*2gD
Pressure Drop = Head Loss x q x g.

b. Turbulent Flow — Darcy-Weisbach Equation is
used for a turbulent flow as well. But here the
friction factor is a function of Reynolds number
and pipe roughness. The friction factor is found
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from the Cole Brook relation.
f-1=-2 Log ((2.51/ (Re fI/2) + (k/D) x 0.269))

‘f” exist on both sides of the equation and can be
found only by an iterative procedure. Here ‘k’ is the
roughness of the pipe.

IV SINGLE PHASE GAS FLOW FRICTIONAL
PRESSURE DROP

In compressible fluids (gases and vapors), there is a
significant increase in velocity due to pressure
decreases (Expansion) and hence requires a
different equation as compared to that for liquids.

(pI>—p22)/ 2p1 = (L/D) gl (Vav?/2) (tav /1)
tav=(t1 +12)/2

V TWO PHASE PRESSURE DROP

Two phase pressure drop [I-22] in a horizontal pipe
can be found by either of the two methods.

A. Homogeneous flow method - Firstly the two
phase flow is considered as total liquid flow.
Now the pressure drop is calculated for
liquid flow only. Then the two phase
pressure drop is found by multiplying the
liquid phase pressure drop by a two phase
multiplier.

B. Separated flow model - Relatively
more common. Using this method,
many correlations have  been
developed for the two phase pressure
drop. Some of these are

a) Lockhart Martinelli Nelson Correlation [1]

b) Friedel Correlation

¢) Gronnerud Correlation

d) Chawla Correlation

e) Miiller Steinhagen and Heck Correlation

f) Present author correlations for mixtures of
refrigerants
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Fig: Two Phase flow in vertical pipe

VI COMPARISON OF TWO PHASE PRESSURE
DROP CORRELATIONS

(a) Whalley compared [22] the above correlations
based on 25000 experimental data points and
concluded the followings:

(1) For ( pr/ pg) < 1000 and mass flux <
2000 kg/mzs, the Friedel correlation [4] is
better than other
correlations  in
experimental data

(i1) For ( ur / pg) > 1000 and mass flux > 100
kg/mzs, the Chisholm correlation [3] is better
than other correlations in agreement with the
experimental data

(i11) For ( pur / pg) > 1000 and mass flux < 100
kg/mzs, the Lockhart-Martinelli correlation
[I] 1s better than other correlations in
agreement with the experimental data

(iv) For ( pr / pg) < 1000, the Friedel
correlation(4) is better than other correlations
in agreement with the experimental data for
most of the fluids

(b) Tribbe and Muller- Steinhagen [l4] compared
number of leading correlations for two phase
frictional pressure drop based on a very large
experimental data and found that Muller -
Steinhagen and Heck Correlation [8] was the best
correlation for air-oil, air-water, water steam and
many refrigerant systems.

(c) Ould Didi, Kattan and Thome [16] compared
number of leading correlations for two phase
frictional pressure drop based on a very large
experimental data and found that Muller-
Steinhagen and Heck Correlation [8] was the best
correlation specially R-134a, R-123, R-402A, R-
404-A and R-502 an azeotrope.

The two phase frictional pressure drop has been
found to be a function of mixture composition. The

agreement  with  the
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authors have successfully developed a correlation on
the basis of Chisholm and Sutherland method, which
has been found to give better agreement that the
earlier reported method [l] based on Martinelli-
Nelson correlation. The developed correlations [6]
are

6pf /6pf, C-S = 1.44 (1+C)"** )
6pf /6pf, C-S = 1.46 (1-C) ™% )

Where C is the concentration by mass of R-13

The drawbacks of these correlations are that these do
not allow extrapolation of pressure drops to high
concentrations of R-13, say above 25 per cent.

The mean and standard deviations for the developed
correlations were found to be as given below:

Table - Mean and Standard Deviations

Equatio | Mean Standard
1. -2.05 17.31
2. -2.05 17.34

| | | |
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Fig: Flow patterns map for air-water flow in vertical
pipes

CONCLUSION

Single phase and two phase pressure drop is a critical
parameter in the design of a pipe flow as well as in the
selection of a pipe fitting and a valve. Therefore
accurate prediction of pressure drop is of utmost
importance. Single phase pressure drop is estimated
using Darcy equation. Two phase pressure drop is
estimated by using widely accepted empirical

equations. Two phase pressure drop is extremely
importance in the design of phase changing
equipment mainly evaporators and condensers used in
refrigeration, air conditioning and heating pumps.
Thus design engineer must know the pressure drop to
a high degree of accuracy to ensure proper pipe
design and selection of a pipe fitting and a valve.
Pressure drop and flow rate are dependent on one
another. The higher is the flow rate, the greater will be
the pressure drop and vice versa. In every application,
pressure drop must be kept to a minimum possible
level in order to reduce the running cost of pipe flow.
It can be achieved by the judicious selection of the
pipe material, pipe roughness, pipe layout, pipe
orientation, pipe fittings and valves
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