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ABSTRACT

Fluid flow problems are often solved using the Moody
chart, a chart in which Darcy friction factor is plotted versus
Reynolds number, with relative roughness as parameter.
Moody’ s stated purpose in publishing the chart was

to furnish the engineer with a smple means of estimating
the friction factors to be used in computing the loss of head

—ie to provide a simple way to estimate pressure drop (AP).
For this purpose, the Moody chart is simple to use because it is
read directly—ie without iterating.

The Moody chart is also used to estimate pipe diameter (D)
and flow rate (W). For these purposes, the chart is not simple
to use because it cannot be read directly. It must be read
iteratively, or by trial-and-error.

In this article, a fluid flow chart is presented that is smple
to use because it is read directly whether AP, W, or D is to be
esimated. The new chart, Figure 1, is the result of trans-
forming the Moody chart so that AP, W, and D are separated.
The range of Figure 1 is Reynolds number from 10" to 10°, and
relative roughness from 0.00001 to 0.05. Over the range
common to Figure 1 and the Moody chart, they are essentially
identical. They differ only inform.

INTRODUCTION

The Moody [1] chart was presented at an ASME meeting in
Pittsburgh in November, 1944. The paper was presented by
Richard B. Willi on behalf of the author, Lewis W. Moody. Its

title was “Friction Factors for Pipe How”. The object of the
paper is described in the first sentence:

The object of this paper is to furnish the engineer with a
simple means of estimating the friction factors to be used
in computing the loss of head . . .

For the gtated purpose of estimating AP, the Moody chart
yields precise results, and is smple to use. It allows AP to be
estimated with a precison of 2 or 3%, and is read without
iterating. (Moody [1] states that the chart allows AP to be
estimated with an accuracy of + 10%).

In addition to being used to estimate AP, the Moody chart is
oftentimes used to estimate W or D. For these estimates, the
Moody chart yields precise results, but it is not simple to use
because it must be read by iterating, or by trial-and-error.

In this article, the Moody chart is transformed to a chart that
is read without iterating whether AP, D, or W isto be estimated.

NOMENCLATURE

pgrt/8L, kg/m’s’
4/, m skg

pipe diameter, m
Darcy friction factor
gravity congant, m/s’
equivalent pipe length, m
pressure drop, N/m*
Reynolds number
mass flow rate, kg/s
absolute roughness, m
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M viscosity, kg/m s
P density, kg/m’

THE REASON THE MOODY CHART MUST BE READ
ITERATIVELY IF W OR D IS TO BE ESTIMATED

The reason the Moody chart must be read iteratively if W or D
isto be estimated can be seen by noting the following:

y coordinate in Moody chart = friction factor o APDW* (1)

x coordinate in Moody chart = Reynolds number a W/D  (2)

Expressions (1) and (2) indicate that x coordinates and y
coordinates in the Moody chart depend on both W and D.
Therefore, if either W or D is unknown and is to be estimated
from the chart, neither the x nor the y coordinate can be
calculated, in which case the chart must be read iteratively.

In short, the Moody chart must be read iteratively if W or D is
to be estimated because both W and D appear in the x
coordinate and in the y coordinate, and this makes it impossible
to calculate the value of either coordinate if W or D is not
known.

SEPARATING VARIABLES IN THE MOODY CHART

In order that a chart may be read directly to determine the
variables of interest, they must be separated—ie they must
appear singly in the chart coordinates and in the chart
parameter. For example, if X, y, and z are the chart variables
of interest, the chart is read directly for al variables of interest
only if x, y, and z are separated—for example, if the chart isin
the form y vs x with z as parameter. The chart can not be read
directly for all variables of interest if two of the variables
appear in either coordinate or in the chart parameter.

In order that afluid flow chart may be read directly whether
AP, W, or D isto be estimated, it is necessary that AP, W, and
D be separated. For example, AP, W, and D are separated if the
y coordinate is dependent on W but is independent of AP and
D, the x coordinate is dependent on D but is independent of AP
and W, and the chart parameter is dependent on AP but is
independent of W and D.

The Moody chart is readily transformed to a chart in which
AP, W, and D are separated. The transformation is based on
noting the following:

f = (pgré/8L) APD’W? = aAPD/W? ©)

Re = (4/m)W/D = bw/D (4)
f Re(/D)’ = (aAPD/W?)(bW/D)’(/D)’ = al’e’AP ()
Re(D/g) = (bW/D)(D/g) = bw/e 6)

Equation (5) indicates that f Re(¢/D)® is dependent on AP
and independent of W and D. Equation (6) indicates that
Re(D/¢) is dependent on W and independent of AP and D.

Therefore Expressions (5) and (6) indicate that a chart in the
form Re(D/g) vs €/D with parameter fRe’(¢/D)’ is in the form
bW/ vs €/D with ab’e’AP parameter. Since AP, W, and D are
separated in a chart of thisform, it isread directly whether AP,
W, or D isto be estimated.

FIGURE 1, THE RESULT OF TRANSFORMING THE
MOODY CHART BY SEPARATING AP, W, AND D

Figure 1 is the result of transforming the Moody chart by
separating AP, W, and D. The figure was generated by utilizing
Expressions (5) and (6) to transform the Moody chart to a
chart in the form log(Re(D/g)) vs log(e/D) with parameter
log(0.5fRe’(e/D)*)—ie to a chart in the form log(4W/(Ttpe)) vs
log(e/D) with parameter log(APgpe’/(LK’%). The transformation
was accomplished in the following steps:

1. Obtain f, Re, and &/D coordinates for eleven curves in the
Moody chart by reading the chart for relative roughness
from .00001 to .05 at Reynolds numbers from 10" to 10°.

2. Use the f, Re, and €/D coordinates obtained in Step 1 to
calculate coordinates of 0.5fRe’(e/D)’ and Re(D/).

3. Use the 0.5fRe’(e/D)° and Re(D/¢) coordinates calculated in
Step 2 to prepare Fig. 1, achart of log(Re(D/¢)) vs log(e/D)
with parameter log(0.5fRe’(e/D)°). Note that Fig. 1 is
presented in terms of physical parameters rather than
dimensionless parameters—ie it is labeled log(4W/(Ttpe)) vs
log(e/D) with parameter log(APgpe’/(LY)).

Note the following in Figure 1:

* The y coordinate is dependent on W, but is independent of
AP and D.

» The x coordinate is dependent on D, but isindependent of AP
and W.

» The chart parameter is dependent on AP, but is independent
of Dand W.

Therefore, as desired, Figure 1 is read directly whether AP, D,
or W isto be estimated.

It is important to note that, over the range of Reynolds
number and relative roughness common to both charts, the
Moody chart and Figure 1 are essentially identical—they differ
only in form. The Moody chart is in the form of combined
variables, and Figure 1 isin the form of separated variables.

THE MOODY CHART VS FIGURE 1

It should be noted that the Moody chart describes both the
laminar and turbulent ranges, whereas Figure 1 describes only
the turbulent range. However, since laminar flow is described
by a very simple equation, there is no need to describe it
graphically.

A positive aspect of the Moody chart is that even a small
chart can be read with good precision because the range of the
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y coordinate is quite small. The range is small because the y
coordinate is a weak function of both the x coordinate and the
chart parameter.

A negative aspect of the Moody chart is that W and D are
combined in the coordinates, and this makes it necessary to
read the chart iteratively if W or D isto be estimated.

A positive aspect of Figure 1 is that AP, W, and D are
separated, and this makes it possible to read the chart without
iterating, whether AP, W, or D isto be estimated.

A negative aspect of Figure 1 is that the y coordinate is a
strong function of both the x coordinate and the chart
parameter. Therefore the range of the y coordinate is large
relative to the range of the y coordinate in the Moody chart.
Because of the difference in range, a Moody chart of a given
size can be read with better precison than a Figure 1 chart of
the same size.

The end result isthat:

» Figure 1 is better for estimating W and D because it is
reasonably precise and can be read without iterating,
whereas the Moody chart must be read by iterating.

* The Moody chart is better for estimating AP because it aso
can be read without iterating, and it is more precise than a
Figure 1 chart of equal size.

THE EFFECT OF IMPRECISION IN READING FIG. 1
COORDINATES

It is estimated that, due to imprecision in reading Figure 1
coordinates, the results will usually be imprecise by one-haf of
aminor divison or less. One-half of a minor division has the
following impact:

Result Imprecision
Log(e/D) .01

D 2.3%
Log(4W/(TTe)) 025

W 6%
log(APgpe’/L ) .05

AP 12%

EXAMPLE PROBLEM

A pipelineisto be laid to transport fluid from Plant A to Plant
B. Estimate the pipe diameter that will result in a flow rate of
2.27 kg/sec with a pressure drop of 1.92 x 10°N/m",

Given:

Pipe roughness € = .0000457 m
Equivalent length of pipeline=61m
p =.000744 kg/m s

p = 961 kg/m’

Analysisusing the Moody chart in Appendix 1:

(To be completed by the reader):

Reader’s answer to example problem obtained using
the M oody chart in Appendix 1:

A pipe diameter of m will result in a flow rate of
2.27 kg/sec with a pressure drop of 1.92 x 10° N/m’.

Analysisusing Figure 1:
Use the given information to calculate the values of they
coordinate and the chart parameter:

log(4W/(Ttpe)) = 7.93 (M

log(APgpe/(LK)) = -.28 (8)

Use the above values and Figure 1 to determine the value
of log €/D. Then solve for the value of D.

log(e/D) = -2.85
0 (/D) =.00141

D =¢/(e/D) = .0000457/.00141 = .0324 m

Answer obtained using Figure 1:
A pipe diameter of .0324 m will result in a flow rate of
2.27 kg/sec with a pressure drop of 1.92 x 10° N/m’.

(The answer obtained using the Moody chart is D =
.0318 m, f =.0232, Re = 1.22x10°, and &/D = .00144.)

CONCLUSIONS

» Figure 1 is better for estimating W and D because it is
reasonably precise and can be read without iterating, whereas
the Moody chart must be read by iterating.

* The Moody chart is better for estimating AP because it also
can be read without iterating, and it is more precise than a
Figure 1 chart of equal size. However, the precision of AP
estimates obtained using Figure 1 will oftentimes be
acceptable.
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