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The resistance to flow through the various “piping” components, such as fittings, valves
and connections significantly contributes to pressure drop of a whole piping system.
Moreover, some of fittings, like elbows, are frequently used also as important part of
heat transfer equipment and significantly influences its thermal-hydraulic
characteristics.

Heat exchangers designed as tube bundles for boilers, fired heaters, heat recovery steam
generators (HRSG) or waste-to energy incinerators prefers the 90° and/or 180° elbows
for connection of individual straight circular tubes in the tube bundle. When such heat
exchanger would be designed for minimum pressure drop of heated liquid or gas fluid,
the accuracy of pressure drop calculation of the elbow plays very important role.

Elbow as a bend or curve in a pipe always induces a larger energy loss than a straight
pipe of equivalent arc length. Paper presents comparison of the most frequently cited
calculation methods (for 90° and 180° elbow) based on evaluation of results of series
calculations with different elbow curvature (short or long elbow type) and with varying
linear velocity of water.

Comparison of tested calculation methods results in the identification and
recommendation of reliable calculation method(s). This analysis wants to provide
engineers with overview of calculation methods for pressure drops in elbows and with
recommendation for opting of the most suitable and most accurate method.

1. Introduction

Calculation of pressure drop in straight pipe is not a difficult engineering task to do.
However, calculation of pressure drop in pipeline components (elbows, tube fittings and
various valves, etc.) may become more complicated. This paper deals with calculation
of pressure drop in 90° and 180° elbows (presented calculations may be applied for
pressure drop in other types of pipe components, but with other coefficient); paper thus
gives an overview of most used calculation methods and tries to give the
recommendation for the best one for calculation of pressure drop. There are several
methods for calculation of pressure drop in elbows. However, not all of them provide
accurate results.

Paper describes various procedures for calculation of this type of pressure drops.
Elbows are categorized according to the ratio of their radius (R) and inner diameter (D),
thus we may talk about long radius elbow (Fig. 1a), i.e. R/D >= 1.5, and short radius
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elbow (Figure 1b), i.e. R/D < 1.5 (several sources give ratio R/D = 2 as a decisive
value). It is valid that short radius gives higher pressure drops that long radius.

b) short radius elbow

a) long radius elbow

Figure 1: Schematic categorization of elbow depending on R/D ratio

2. Calculation of Pressure Drop in General

Calculation of pressure drop of fluid flowing in straight pipe is conducted by applying
probably the most known hydraulic equation, the so called Darcy-Weisbach equation.
This equation can be found in technical literature, for example in (Holland and Bragg,
1995; Coker, 2007; Verein Deutscher Ingenieure, 2006; Walas, 1990; Kakac and Liu,
2002).

Calculation of pressure drop for various pipe components is more complicated. We
may apply either Darcy-Weisbach equation, where pipe length L is substituted by the so
called equivalent length L, (to be described further on), or a method using loss
coefficient K (Holland and Bragg, 1995; Coker 2007; Verein Deutscher Ingenieure,
2006; Walas, 1990; Kakac and Liu, 2002). K loss coefficient may be expressed by a

Greek letter & .

There are many possibilities to calculate pressure drop by application of loss coefficient.
These possibilities differ in their level of elaborateness and of course in their accuracy
of K coefficient. These methods are briefly outlined in this paper.

3. Briefly Description of Calculation Methods

As mentioned above, two basic approaches are employed for calculation of pressure
drop of fluid in pipe components. First of the approaches consists of a substitution of
pipe length by the so called equivalent length. The other approach applies K loss
coefficient.

Seven calculation methods were selected for comparison of calculation of pressure drop
in 90° and 180° elbows. They are the most used ones and most known too.

3.1 Equivalent Length Method
Method of equivalent length is among the most known and the oldest methods (Holland

and Bragg, 1995; Coker, 2007; Walas, 1990; Kakac and Liu, 2002). This method is
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based on an assumption that elbow (or other type of pipe component) may be
substituted by a pipe of a given diameter with a fictive length, the so called equivalent
length with pressure drop identical to a given pipe component with a given Reynolds
number in a pipeline. Equivalent length is independent on the Reynolds number and
pipe diameter.

3.2 Crane’s Method

This method is described in detail in (Crane, 1991) or in (Holland and Bragg, 1995). It
is a modification of a previously mentioned method; however, it takes into
consideration the fact that there is higher degree of turbulence in valves and fittings than
in pipe with a given Reynolds number. That is the reason why fully developed turbulent
area is considered in calculation of friction factor in pipe components regardless of
current Reynolds number in the pipeline (Darby, 1999; Darby, 2001).

3.3 Loss Coefficient Method

This method represents a totally different approach to calculations of pressure drop.
Calculation considers the so called K loss coefficient whose values are tabulated in
various textbooks and handbooks. Approximation that these values are constant for
given types of valves and fittings is not really true since the values change with respect
to pipe components geometry (diameter, elbow radius, type of pipe connection, etc.)
and depending on Reynolds number.

3.4 2-K Method (Hooper’s Method)
The so called 2-K method (Coker, 2007; Hooper, 1981; Darby, 2001) published by

Hooper is based on experimental data of many valves and fittings and elbows acquired
for a wide spectrum of Reynolds numbers. K coefficient does not depend on roughness
but is a function of Reynolds number, geometry of a given component and even of type
of pipe connection for elbows. Compared to other methods, this one is valid for broad
radius of Reynolds numbers but impact of pipe dimensions (1/D term) is not considered
exactly. In case of elbows with larger diameters, values of Hooper’s K coefficient are
not compared with measured values (Darby, 2001). This method considers a type of
pipe connection.

3.5 3-K Method (Darby’s Method)

Darbys 3-K method (Coker, 1995; Darby, 1999; Darby, 2001) is similar to Hooper’s 2-
K method but with higher predicative value for broad radius of Reynolds numbers and
fittings dimensions. Darby’s 3-K method is also dependent on elbow inner diameter and
values of Reynolds number. Darby’s method provides good results even for laminar
flow. This method also considered a type of pipe connection.

3.6 Blevins’ Method
This sophisticated method is preferred for pressure drop calculation in elbows in some

commercial software packages. The method depends on the velocity of process fluid,
pipe diameter and is applicable for wide range of elbows radius (Blevins, 2003). The
calculations are, however, independent on the roughness of pipe and type of connection
elbow.
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3.7 Idelchik’s Method

This is also very sophisticated method for calculation of pressure drop in elbows
(Idelchik, 1975). This method depends also on the roughness of pipe in comparison with
previous one. Discreteness of some coefficients is certain disadvantage.

4. Application of Calculation Methods

Calculation of pressure drop in 90° and 180° elbows of short and long radius depending
on Reynolds number (and/or velocity of process medium) are performed for comparison
of the above mentioned methods. Calculations are carried out in Maple software by
Maplesoft, Inc. in version 14 (MapleSoft, 2011).

4.1 Example to Solution

Water is as a flowing fluid for comparison of individual methods. Its properties are
specified in Table 1. Both short radius (R/D = 1) and long radius (R/D = 1.5) elbows are
considered for pressure drop calculation. Because of paper size limitation the variations
of pressure drop elbows are presented only for inner elbow diameter 26.5 mm.

Table 1: Water parameters of given pressure and temperature

Water parameters

Temperature Dynamic viscosity Density
[°C] [Pa.s] [kg/m’]
80 352.10° 971.8

4.2 Results Assessment
Comparison of obtained results is presented in graphical form in Figure 2.
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Figure 2: Variations of pressure drop for 90° and 180° elbows
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Presented graphs in Figure 2 give clear idea about dependency of pressure drop upon
velocity of process medium and elbow geometry. Method of equivalent length and
Crane’s method give quite different results for 180° elbow. It is because of problem
with finding of an appropriate equivalent length values. Following methods give more
or less similar results. Blevins’ method and Idelchik’s method give smallest value of
pressure drop for 90° and 180° elbows. These methods are very sophisticated, but not
take into account the type of connection to pipe compared to 2-K and 3-K method.
Equivalent length method, Crane’s method and loss coefficient method are suitable for
preliminary calculation. These methods do not faithfully represent dependence on elbow
diameter, R/D ratio and dependence on the Reynolds number. 3-K method was opted as
the best method for 90° and 180° elbows based on thorough analyses and assessment
results. This method is considered as calculation standard by many engineers.
Disadvantage of this method is small range of R/D ratio for 180° elbows. For these
cases is possible to use the Blevins’ method (Blevins, 2003).

5. Conclusion

Exact analytic determination of pressure drop of one-phase fluid in individual pipe
components, i.e. valves and fittings and elbows etc., is still an engineering problem.
Presence of elbows in pipe system results in significantly higher energy losses.
Knowledge of more accurate results of fluid pressure drop in elbows allows to optimize
final design of heat exchangers. However, proper calculation relations are necessary not
only for calculation of pressure drops in elbows in heat exchangers but also in flue gas
routes and wherever the medium streams in pipes with elbows and pressure drop has to
be precisely determined. This paper wants to provide overview of calculation methods
of pressure drops in elbows and present recommendations for most suitable methods.

As obvious from performed analyses of particular approaches, equivalent length
method, Crane’s method and loss coefficient method do not faithfully represent
dependence of equivalent length and/or loss coefficient on elbow diameter, R/D ratio
and Reynolds number. On the other hand, these dependences are well reflected in 2-K,
3-K, Blevins’ and Idelchik’s methods. The first two methods are based on measured
data or this data correspond to the results of the calculation.

If the K-value characteristics of pipe components are given by manufacturer, it is
obviously better to use these loss coefficients. If manufacturer does not present any
dependence, one of the above mentioned methods has to be applied.

3-K method (Darby, 2001) is recommended for calculation of pressure drop of 90° and
180° elbows because it accounts directly for the effect of both Reynolds number and
fitting size on the loss coefficient and reflects more accurately the scale effect of fitting
size and connection type. Disadvantage of this method is small range of R/D ratio for
180° elbows. For these cases is possible to use the Blevins’ method (Blevins, 2003).

Acknowledgement

The support of the Ministry of Industry and Trade of the Czech Republic from the
research project MPO no. FR-TI1/073 "Research and development of a flexible energy
system transforming primary energy of biomass and alternative fuels by their



248

combustion or waste heat from different heat units, to electric energy with possible co-
generation of higher efficiency" and from the Ministry of Education, Youth and Sports
of the Czech Republic within the framework of National Research Program NPV II No.
2B08048 ‘““WARMES — Waste as raw material and energy source” are gratefully
acknowledged.

References

Blevins R. D., 2003, Applied Fluid Dynamics Handbook, Reprint, Krieger Publishing
Company, USA.

Coker A. K., 2007, Ludwig's Applied Process Design for Chemical Petrochemical
Plants, Volume 1 (4th Edition), Elsevier, Amsterdam, the Netherlands

Colebrook C. F. and White C. M., 1937, Experiments with Fluid Friction in Roughened
Pipes, Proceedings of the Royal Society of London. Series A, Mathematical and
Physical Sciences 161 (906), 367-381.

Crane Co., 1991, Flow of Fluids through Valves, Fittings and Pipe, Crane Technical
Paper No. 410, Crane Valve, New York, USA

Darby R., 1999, Correlate Pressure Drops through Fittings, Chemical Engineering, 106,
101-104.

Darby R., 2001, Chemical Engineering Fluid Mechanics, 2™ edition, Marcel Dekker,
New York, USA.

Holland F. A. and Bragg R., 1995, Fluid Flow for Chemical Engineers, 2" edition,
Edward Arnold, UK.

Hooper W. B., 1981, The Two-K Method Predicts Head Losses in Pipe Fittings,
Chemical Engineering, 24, 96-100.

Churchill S. W., 1977, Friction-Factor Equation Spans All Fluid-Flow Regimes,
Chemical Engineering, 84, 91-92.

Idelchik I.E., 2001, Handbook of hydraulic resistance, 3™ edition, Begell House
Publishers, Redding, CT, USA.

Kakac S. and Liu H., 2002, Heat exchangers-selection, rating and thermal design, CRC
Press LLC, Coral Gables, Florida, USA

Lindeburg M. R., 1992, Engineer In Training Reference Manual, 8" edition,
Professional Publication, Belmont.

MapleSoft, a division of Waterloo Maple Inc. 2011, Maple 14,
<www.maplesoft.com/products/Maple/index.aspx> accessed 23.02.2011.

Verein Deutscher Ingenieure, 2006, Wiarmeatlas, Springer, Berlin, Germany.

Walas S. M., 1990, Chemical Process Equipment-Selection and Design, Butterworth-
Heinemann, Boston, USA.





