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PREFACE

The Division of Building Research welcomed the
opportunity to asslst a Subcommlttee of the Canadian
Standards Association by undertaking to determine the
friction coefficlents for alr flow in filled electrical
conduits. This work, although lmmedlately related to a
very restricted interest in the broad field of building
design and construction, has nevertheless paralleled very
closely the interests of the Division in sir flow in
ducts for heating and air-conditioning systems. The flow
me asursment apparatus developed and the experience which
has been obtained will be useful in future work of this
kind. The effort made to obtain accurate data, although
perhaps not justified by the immediate needs for
electrical condult application, has however resulted in
good basic friction data for the particular cases tested
which when published may find broader application.

Ottawa, N. B. Hutcheon,
July 1956. Assistant Director.



PRESSURE LOSS ASSOCTIATED WITH ATR FLOW
IN ELECTRICAL CONDUITS

by D. G. Stephenson

Recently the problem has arisen of how to design an
electrical condult system so that its Iinternal static pressure
will always exceed its ambient static pressure by a specified
amount. Thils was needed to ensure that there would be no inflow
where the condult passed through a region of corrosive or
explosive gases. Since some leakage 1s practically unavoidable
with standard fittings there will have to be some flow through
the condult system; and associated with this flow there will be
a pressure drop. It appears that there are no data in the
engineering literature on the pressurc drop for flow in partislly
filled conduits, so it was to provide these needed data that the
present investigation was undertaken.

The pressure drop vs. mass flow has been obtained for
each of the twenty seven combinations of the following variables:

(1) Condult size: 3/L inch, 1 inch, 1 1/ inch

(2) Wire size: 10, 12, 1lh=-gauge, with plastic
insulation,

(3) Arrangement: One, two, and three conductors
in each conduit - nontwisted.

In addition to the above listed tests the effects of
the following variagbles were studied for some of the above
combinatlons:

(1) Rubber insulation rather than plastic,
(2) Twisting the conductors, and
(3) A standard coupling and a 90° elbow in the conduit.
It has becen possible to correlate the data from these
tests so that they indicate a relationship between the geometry
of the conduit and wire; the physical properties and mass flow

rate of the gas flowing through the conduilts; and the pressure
loss associated with this flow.

DESCRIPTION OF APPARATUS

For all of the tests which required a flow of air
through the conduit the apparatus was arranged as shown in
Fig. 1. The air was obtained from the lgboratory compressed
air supply main and was reduced from 100 psil in the main to
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between 2 and 20 psi at the inlet side of the throttling valves.
Irmedilately ahead of the pressure reducing valve the alr passed
through a Logan aridifier. This eliminated any droplets of
water or oil as well as particles of pipe scale or rust which
might be in the compressed air. No provisions were made for
measurlng or controlling the humidity of the air but when cal-
culating the density of the alr it was assumed to be saturated
at 100 psig and 72°F (thls corresponds to a dew point of 20°F
at a pressure of 1 atmosphere). The quantity of air flowing
through the system was controlled by the throttling valves on
the low pressure side of the pressure reducing valve.

From the flow control panel the air passed through a
20-Toot length of 1 1/4-inch galvanized iron pipe into a
1 1/u-inch header pipe and thence through any one of the three
LO0=foot runs of conduit to the orifice tank and through the flow
metering orifice into the atmosphere. The orifice tank and
orifice plates are essentially the samec as those which were
calibrated by Polsoni and the orifice coeffilcients determined
by Polson have been used for these tests.

Data were rcquired for the pressure drop due to friction
in a continuous run of conduit as well as in a conduit composed
of 10-foot lengths of conduit Jointed by a standard conduilt
coupling., Since condulit i1s usually supplied in 10=foot lengths,
special couplings were needed to join the sections without
causing any roughness or irregularity at the junction.

Because the condult was supplied in 10=foot lengths
it was convenient to measure the pressure drop along each 10-foot
sectlon of the continuous run. For this purpose six static
pressure holes 1/16=inch in diameter were drilled at 60° intervals
around the conduit approximately li inches from one end of each
10-foot section. These holes were covered by brass piezometer
rings which were soldered to the outside of the conduit to make
an airtight seal. PFig. 2 shows the details of both the coupling
and the plezometer rings.

The inslde of the conduit was reamed for approximately
6 inches at the end wherc the piezometer ring was fitted and
2 inches at the other end. This roaming ensured that the in-
ternal areca of the flow passage was the same at each pressure
tapping and also that the inside diameter of the two conduilts
which were brought together were the same. As shown in Fig., 1
gll the differential pressure measurements were made with a
Betz 400 mm water manometor and the gauge pressures through
the system wers measured by Merrian 100-inch vertical manometer
using CCl|, as the manometer fluid. To enable the manometers to
be connected to any of the twelve pilezometer rings as well as
the static pressure taps on the orifice tank a simple pressure

#Polson, J.A. and J.G. Lowther. The flow of air through
circular orifices in thin plates. Univ. of Ill., Engincering
Experiment Station, Bull. No. 240, 1932,
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switching panel vas used. The schematic arrangement of this
panel is shown in Fig. 3. With this arrangement the Betz
manometer could be easily connected to read the differential
pressure between any two piezometer rings or the pressure drop
geross the orifilce plate.

Before the apparatus was assembled 1t was necessary
to determine the Internal cross-sectional area of each length
of conduit. These measurements required an auxiliary apparatus
which 1s shown schematically in Fig. L. A 10-foot length of
conduit was suspended vertically with its lower end about 2
inches below the surface of the water in s lL-liter beaker. This
beaker was set on the pan of a Toledo 5-kg balance, The condult
was supported by a length of bralded monel wire which passed
over the two pulleys on the upper support bracket and then was
attached to the upper end of the adjustment screw. By turning
the large knurled nut on this screw it was possible to vary the
vertical position of the conduit so that its lower end was always
located the same distance below the surface of the water in the
beaker. This adjustment was facllitated by attaching a hook
gauge to the lower end of the condulit. The piezometer ring
pressure fitting at the top end of the conduit was connected
to the top of the 100-inch vertical manometer by plastic tubing,
From a tee filtting at the top of the manometer both the manometer
and the conduit were connected through a 1/8-inch needle valve to
a low pressure tank. With this arrangement the pressure in the
system could be progressively reduced causing water from the
beaker to rise up the condult as the carbon tetrachloride rose
in the manometer tube,

DESCRIPTION OF TESTS AND REDUCTION OF DATA

l. Determination of the Friction Factof for the Empty Conduit

The friction factor for flow in a circular pipe 1s
defined by:

AP 2
r===.4d. )
L p.vz
where AP = pressure drop due to friction in a

piece of conduit of length L,
d = mean diameter of the flow passage,
p = mean density of the fluid,
\Y

)

mean velocity of the fluld,

Thus to determine the friction factor it 1s necessary
to know the mean velocity as well gs the pressure drop per unit
length of pipe and the condult diameter.
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The mean velocity was obtained from the flow rate
which was measured with a thin plate orifice. The mass flow
through the orifice is given by:

M! = Cl' A',p'. V!,
Where C!' = orifice discharge coefficient,
A" = orifice area,

p!' = mass density of the fluld at the
orifice

V! = the ideal velocity through the
- orifice,

The ' indicates conditions at the orifice.

The velocity V' is related to the differential
pressure across the orifice (i') by:

(v1)2 = g;%l

Therefore, M! = C'.A'., (2 i'.p'?%

The mass flow can glso be expressed in terms of the
velocity in the conduit:

M!' = M = A.p.V,

2 2
Therefore , L2V = (M')
2 2pA2

Substituting for M!' gives:
2 2
pv _ 2 Al !
-_— (c') .(A ) “ p li'o

ot Pt
But 5 =5 where the temperature is constant,
2
and E- = _:Q.
A (d)2

where D 1s the diameter of the orifice,
P is the absolute pressure in the condult,

and P! is the absolute pressure at the orifice.
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The expression for the friction factor becomes:

L Db Pt (C')2.1¢

The units used in this expression need not all be of
the same system but when mlixed units are used it is necessary
to check that f 1s dimensionless.

To obtain the pressure drop per unit length the drop
in static pressure was meagsured between successlive tappings
located at 10=foot intervals along the conduit.

The procedure for these tests was as follows:

(1) The Betz manometer was connected to measure the
differential pressure across the orifice plate and the flow was
adjusted untll a desired flow was established;

(2) The Betz manometer was switched to measure the
pressure drop along one of the 10=-foot sections of the condult.
The gauge pressure at the upstream end of the section under test
was measured with the verticsgl 100-inch manometer;

(3) The Betz manometer was switched back to check the
flow rate and 1f this was still at the desired value the
pressure drop data for the pipe were recorded agnd the manometer
switched to measure the loss along the next section of pipe.

This procedure was continued until each of the 10~
foot test sections had been checked twice at the same rate, then
the flow was Increased and the same series of operations
repeated. Four different flow rates were used for each orifice
plate. These corresponded to differential pressures of 1 cm,

L em. 16 cm, and 39 cm of water. The L, cm and 16 cm values were
chosen since for these values the flow was approximately double
its preceding value, hence when the data were plotted on g
logarithmic scale the points were evenly spaced.

On the other hand, 1 cm and 39 cm values were used
because they were close to the limits obtainable with the
Betz manometer. The orifice plates used had nomingl diameters
of 1/2 inch, 3/L4 inch and 1 1/L inch which gave flow rates of
approximately 2 to 13 efm; 4 to 27 ¢fm and 12 to 90 cfm
respectively when the differential pressures ranged between
1l and 39 cm of water.

The overlapping of the ranges of the orifice plates
provided a check on the accuracy of the orifice coefficients.
This point is discussed in the section desling with the
analysis of the test results.
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The data obtained from this series of tests along with
the calculated values of the friction factor and the Reynolds
number are included in Table A-3 of Appendix A.

The methods of calculation are presented in Appendix
B in the form of a sample calculation.

The frictlon factor equation shows that:
f 2o (d)5.
Thus an error in the value of 5 causes fives times as

great a percentage error in f. For this reason the mean diameters
of the conduits were carefully measured.

2. Determination of the Root Mean Square value of the Condult
Diamster.

In principle the diameter of the conduit was obtained
by measuring the internal volume of a length of the condult.
The volume <= length gave_an average value of the cross=-sectionsal
areca which eguals ﬂ/u(d) s Where d is the r.m.s. value of the
diameter.

With the apparatus arranged as shown in Fig. li the
pressure inside the condult could be reduced by opening the
valve V1. This caused the water to rise in the conduit and the
carbon tetrachloride in the 100-inch manometer. In each case
the rise in the fluld level above the level in the tank was
related to the pressure difference betwesn the inside of the
condult and the atmosphere by the expression:

12. Ap = (p.g.H)py = (peg.Hlp.

where, Ap i1s the static pressure difference
between the atmosphere and the
inside of the conduit (1b/ft<)

p is the m§SS density of the fluid
(slug/ft )

g 1s the accelerafion due to
gravity (ft/sec?)

H 1s the height of the fluid inside
the condult or manometer tube
above the level of the tank (in.)

The subscripts m and ¢ refer to the manometer and
conduit respectively.
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The tests were carried out in a room where the temper-
ature was very nearly constant but any small changes in ppy or pc
were taken into account by a calibration which was performed
immediately before each test on a length of condulit. For the
calibration the plastic tubing was removed from the pressure
connection on thes upper end of the condult and attached instead
to the low pressure side of a Betz micromanomcter. With the low
pressure tank open to the atmosphere both the micromanometer and-
the 100-inch vertical manometer were adjusted to zero. Then the
pressurc in the system was recduced sufficiently to make Hpy equal
to 9 inches. The correcsponding indication of the Betz manometer
(Hw) was noted and also the temperature of the distilled water
in the Betz manometer., Knowing this temperature the density of
the distilled water (py) was obtained dirgctly from a set of
physical tables. Thus:

= Puw.Hy,
P = —=5—

To megsure the internal cross=sectional area of a length
of conduit the conduit was suspended as shown in Fig. li, the mass
of thc beaker of water was measured first when Hy = 0(Mg) and
again when Hp = 70 inches (M70). In-cach case the vertical position
of the conduit had to be adjusted so that the hook gauge just
touched the surface of the water in the beaker when the weight of
the beakcr was measured.

Then Mg - M7o = pc.Hc.A,

where & = ﬁ (a)2 ,

but HePo = 70 fm = g .« oy >
- L 9 MA _ .M
Therefore (d)2 == . =5 —g——ﬁ—lg
welly

Since the balance used to measure the mass of the begker
was calibrated in gm, amd thc manometer indicatgd Hy in cm it was
convenient to calculate d in cm and Py in gm/cm . '"Then to obtain
d in feet it was only nccessary to multiply by the conversion

1 A sample calculation is given in Appendix B.

factor - .
actr sErx 1

The specific gravity of the manometer fluid (CClu) was
approximately 1.6; thus the value of d calculated using Mp-M70
was an average for 112 inches of the 120-inch length of conduit.
The 8 inches not included were the sections which had been reamed
to a known diameter. The value of M was recorded for each
value of Hp which was an integral multiple of five, l1.e., for
Hn = 5, 10, 15, - - - = 70, The data were obtained only while
the water level was rising in a dry piece of conduit because
once the wWater had wetted the inside of the condult, a thin film
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of water remained on the surface after the water level had
fallen. These data showed the variations in digmeter along
each 10~foot pilece of conduit. However, the variation was
always so small that the difference between the rms(l) and
rmf(l) values of d was negligible. Because of this, rms values
were used to calculate the friction factor and only one com-
plete set of data for a typical conduit is included in

Table A=1(ii) of Appendix A. For all of the other lengths of
conduit only the values of Mg and M70 are included, along with
Hy, pw and the calculated r.m.s. value of d.

3. The Calculation of the Reynolds Number for the Empty Conduit

The Reynolds number for flow in a circular pipe is
defined as:

Re = V.E.d
e

H

but p.V = M= C'.él.(2i'p')1/2
A A
PI
and P! = gEreeg -
ciD2 (2 i1 Pt\?/z
(5553

de {1715.5

Therefore Re =

For this quantity to be dimensionless a consistent
system of units mugt be used. In this case the pressure 1s
expressed in 1b/ft ; the temperature in °R; the diameters in
ft.; and the visocsity in slug/ft/sec. However, since the
pressures were measured by a manometer and a barometer it is
more convenient to teke i}% in mm water and P} in mm mercury and
include the appropriate conversion factor in the expression for
Re. The subscript # 1s used to indicate that standard English
units are not being used.

The Reynolds number is then given by:
2
Re = C'D (2 x 0.20436 14 x 2.7846 P*)1/2

dp 1715.5 T
> .
= 0.025757 &2 (l% P*)l/z ,
du T

1 The rms value of a = 2 /(E?)

and rmf value of d = 2/ (3?)

When calculating an agerage value of f the rmf value of d should
be used because f 204-.
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where i} and P4 are in mm of water at 72°F and mm mercury at
329" respectively and the other quantities are in the usual
English units.

A sample calculation is included in Appendix B.

i, Determination of the Equivalent Digmeter for a Straight
Conduit Partiaglly Filled with Wire

For flow in an empty circular pipe in series with an
orifice plate the relationship between the friction factor and
the measured quantities 1is:

.= AR (3 P 1

v LDt T pr T ()2

By simply transposing, this becomes:

(@5 =¢.(c)2 . L, pht . B,
AP P

When the condult 1s partially filled by wire this
equation can be used to calculate the diasmeter of an empty con-
duilt which would have the same pressure drop vs. mass flow
characteristic, This diameter is called the equivalent
diameter dg.

After the friction factors had been found for the
empty conduits the various wire fills were pulled into the
conduit. The wires were pulled in one at a time so that they
could not become twisted. With each arrangement the pressure
drop vs. mass flow relationship was determined in the same
way as for the empty pilpes.

The data obtained from these tests are presented in
Tables A=l(i), A=4(ii), A-L(iii1), and A=L(iv) of Appendix A.
In Table A-5 dats are included for g further series of tests
in which the wire fills were twisted at the rate of three
twists for each 10=foot length of conduit.

For the calculation of dg it is assumed that f varies
with Re in the same way as 1t did for the same plece of conduilt
without wire. Hence to calculate deg it is necessary to assume
a value of f, then use this to find a valus of de¢ and with this
de calculate Re. From this value of Re and the curve relating
f to Re for the empty plpe a second value of f is obtained and
de recalculated. Since f changes only slowly with Re it is
usually not necessary to make more than two calculations to
obtain the accurate value of dg. A sample of this calculation
is included in Appendix B,
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To avoid introducing an error into deg due to an
inaccurate value of the orifice discharge coefficient, the
same values of C' were used when calculating the equivalent
diameter as were used initially to determine the friction
factor. In addition the value of f used for the accurate
calculation of de was taken from the f vs. Re curve which was
obtained from measurements made with the same orifice plate.

5. Determination of the Equivalent Length of a Threaded
Coupling and a Long Radius 90° Elbow

When the tests on the continuous j0-foot runs of con-
duilt were completed the conduits were cut at approximately 22
feet from the inlet end. A tapered pipe thread was cut on each
of the pieces and the conduilt re-gssembled using a standard
threaded coupling to join the two parts of each conduit.

Data were obtained on the pressure loss through the
conduit for the samec mass flow rates as were used for the
original friction factor determinations. By comparing these
data with those from the continuous runs of conduit it was
possible to determine the equivalent length of the coupling.

The increase in pressure drop due to the presence
of the coupling can be equated to the pressure drop in a length
of pipe of the same diameter. This length of pipe 1s here
called the equivalent length of the coupling. Then the
pressure drop for 10 feet of condult APy; and the pressure
drop for 10 feet of conduit plus a coupling AP, can be
related to the equivalent length of the fitting by:

AP, = 10+ 1,
APy )iy 10 ’

or 1lg =10 (2?0) -1
#1113

The subscript ili indicates that the pressure drops
were those measured for the third 10-foot length of conduit,
i.e. between 20 and 30 feet from the condult entry.

Since it was not possible to ensure that the conditions
were exactly the same for the tests with the coupling as for the
previous tests with continuous conduit, the ratio (l&Pc/AXP%)iii
was multiplied by a factor (ZKP*/LLPc)ii which accounts for

small changes in flow conditions between tests. Here the subscript
i1 indicates that the data are for the conduit betwesn 10 and
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20 feet from the entry. Thus the expresslion for lg becomes:

_ AP A Py _
1, = 10 {(AP*) . (APO) 1} ft.
iii ii

The ratilo leéd for different pipe sizes and Reynolds
numbers is given 1n Table A-6(1) of Appendix A along with the
dgta on which the calculations arc based.,

Similarly a long radius 90° elbow was installed at
the cut 1n each conduit. The elbow was joined to each pilece
of conduit by a standard threaded coupling and the equivalent
length of the elbow plus couplings determined ags described above
for the coupling alone. These data and the calculated values
of le{d are also given in Table A-6(1) of Appendix A. A sample
calculation for 1lg/3 is given in Appendix B.

The equivalent lengths of the 90° elbows were also
determined when the conduit and elbows contained one strand of
10-gauge rubber~insulated wire., In this case the data for thse
tests with the elbow were compared with the data for the same
£111 with the continuous conduit and the equivalent length
calculated as before. The data are given In Table A-6(ii) of
Appendix A along with the ratio 1e/de-

ANALYSIS OF TEST DATA

l. Priction Factor Tests

In the tests to determine the relationship between
the friction factor and the Reynolds number for the empty
conduit 1t was possible to cover the same range of plpe Reynolds
number with two or in some cases three different diameter
orifice plates. When log f was plotted against log Re it was
found that a smooth curve could be drawn through the data
obtained with any onc orifice platej; but there was a different
curve for each orifice plate. This indicated that the values
of the orifice discharge coefficient that were used were not
accurate,

From the curves of log f vs. log Re 1t is possible
to calculate the difference in the flow which would be
indicated by the various orifice plates.
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The pressure loss due to friction 1s:

2
AP =T° L R pv_ ,
d 2
and Re = XLELQ

2
Lp (Re)2 .

Therefore AP
203>

1
4
L]

Thus for one particular pilece of plpe with standard
temperature and pressure conditions, a straight line of slope =2
on the log f vs. log Re graph corresponds to a constant value
of AP or flow rate, since AP 1s dependent on flow rate. The
values of Re for the polnts where this line intersects the
various friction factor - Reynolds number curves correspond to
the flow rates which the orifice plates would indicate 1f the
same mass flow were passed through each.

-Using this method and the curves for the third ten-
foot section of the l-inch conduit it was found that:

W/ = 0.991 Qe
and Qq 1/)_|_ = 0.968 Ql/?.

where Q s Q s and Q are the rates of flow which weould
be‘indi%é%ed gégpoctive%yléy the 1/2-inch, 3/li-inch, and 1 1/l-
inch crifice plates 1f each had the same flow rate passing
through it. This indicates that some values of the orifice
discharge coefficients may be in error by 3 per cent.

For pipes with an appreciable roughness %%E‘is always

less than for a smooth pipe at the same Reynolds number. When
the calculated friction factors are plotted against Reynolds
number as in Flg. 5 1t can be seen that for each orifice plate
the curve of f vs. Re 1s practically parallel to the accepted
smooth pipe curve.i#* This indicates that the roughness is
negligible and that the experimental results 'should agree with
the smooth pipe curve 1f the data are accurate. By this reason=
~ing the results obtained with the 1/2-inch diameter orifice are
taken as correct and those for the other orifices as in error

by the amounts calculgted above.

% The smooth pipe curve was taken fromvpaper by Moody
"Priction Factors for Pipe Flow" Trans. A.S.M.E. Vol. 66,
p.671~684, 1948,
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In Pig. 5(1) the relationship

£ = _0.340

(Re)o.—2°6

is shown to be an accurate representation of the data for
Reynolds numbers between 5,000 and 50,000,

2. QCorrelation of Equivalent Diameter with Mgss Flow and
Condult Geometry

The equivalent diameter was calculated from the

formula:
2
—_— _L . E——v
de f o AP 2 s
V L ] L ]
where f = (V.p de)

Y1

The function (¢ was determined by experiment on the condult
without wire and 1t was assumed that the same relation held
when there was wire in the conduit.

For the purposes of correlation the equivalent_diameter
de was assumed to be a function of the conduit diameter d, the
wire diameter dy, the number ?6 stra?ds of wire N and the

Reynolds number for the flow —_JEJEE— o These wvariables can be

grouped to form one dependent and three independent dimension-
less groups. Then dg/3 = 6 (N, Re, dy/3).

The data contained in Table A-L were first plotted
as in Fig. 6 to show the variation in dg/q with Re. Values of

de/a were obtained (from the curves) for Re = 10,000 and
Fig. 7 shows them plotted against dy/d. All the data for each
value of N fell on g straight line., Each of these lines passed

through the point (de/d = 1.0; dy/d = O). The fact that all of
the data obtained for the various sizes of wire and conduit,

and with different Insulations, could be correlated on the

basis of the three independent variables indicated that only
these variables had a significant effect on the dependent
variable.

3+ The Effect of Twisting the Wire Fill

For some tests the wire fill was given three twists
for ecach 10-foot section of conduit. The data in Table A=5
show that for this condition the pressure losses were not
significantly different from the comparable nontwisted cases.
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4+ PEquivalent Length of 90° Elbow and Threaded Couplings

The equivalent lengths for elbows and couplings
calculated from the data in Table A=-6(1i) are plotted against
Reynolds number in Fig. 8. Since the fittings for different
plpe sizes agre not geometrically similar it is not surprising
that there is a separate curve for each size of pipe. However,
for a Reynolds number of 10,000, all of the elbows are equiv-
alent to g condult of approximately 23 diameters in length.
For the ususl design calculations this equivalent length can
be used for all condult sizes at all Reynolds numbers between
5,000 and 50,000 but if maximum accuracy 1is desired the equiv=-
alent length for elbows should be obtained from Fig. 8.

The results for the threaded couplings are much the
same as for the elbows. An equivalent length of three
diameters is the average for the three sizes tested at a
Reynolds number of 10,000. The wvariation of the equivalent
length with Reynolds number and conduilt size is small and need
only be considered in calculations of the highest accuracy.
Here also the accurate value can be obtained from Fig. 8 when
it is needed.

Table A=6(11) contains the data for the tests on
elbows and fittings when they werepartially filled with
wire. In this case the data have been used to calculate
the equivalent length of a conduit whose diameter equals the
equivalent diameter of the condult containing wire. The
results in Table A-6(ii) show that le/a, for the conduit

with wire is approximately 1.4 times 1,/ for the empty
conduit.

APPLICATION OF RISULTS

The results of this series of tests can be
incorporated into a set of design charts which facilitate the
calculation of friction loss for agir flow in pipes.

For flow in pipes at Reynolds numbers between 5,000
and 50,000 the friction factor has been found to be:

£ = O.BQO
Since for these Reynolds numbers the flow 1s turbulent,
the pressure drop due to friction is given by:
- L ye
AP f. deo p ‘2
0.340 D I
(Re)O.Z dg 2
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Both the velocity and the Reynolds number can be
related to the magss flow rate M,

Vv = .L.l'. _7M
7w pPdg
and Re = % E%; ) .
0.2 2
mwud L M
Therefore, AP = 0.340 S a ez « — . L %E . -—-—E% .
2[[. M)) dg 2 (m pdg
but = P
P 17157
Therefore, AP = K . Ml'7u
- T 0.26 L
where K i - () . du.7u .

e

Thus the relationship betweendP and M for any
particular run of pipe can be represented by a straight line of
slope 1.74 on logarithmic graph paper. The intercept of the
line with the AP axis depends on the value of K, Fig. 9 is a
chart which gives AP directly when K and M are known. The
nomograph, Fig. 10, does the same for a wideE range of AP but
the scale can only be read to approximgtely Z § per cent.

Fgg added convenience when calculating K, Fig. 11
gives (“)O. for dry air gs a function of temperature and
Fig. 12 gives 4a T4 as a function of dg for the range of

diameters comionly used.,

The convenlence of the charts can be demonstrated most
easily by solving an example problem first by direct calculation
and then by the use of the charts.

PROBLEM :

Find the pressure drop for gir flowing through 100
feet of l=inch conduit containing 2 strands of 1lO0=gauge
plastic insulated wire at a flow rate of 1 1lb/min. The
gauge pressure at the inlet to the conduit is 6 psi and the
temperature is 72°F,
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SOLUTION:
(1) Equivalent Diameter
The diameter of plastic insulated 10-gauge
wire 1is

The average internal diameter for l=-inch

conduit 1is

Therefore, 9w = 0.165 = 0,158,

From Fig. 7 for two wires the corresponding value of

d

Therefore, de = 0.880 x 1.045 = 0.920 in. = 7.66 x 107 ft.
(2) Reynolds number
The Reynolds number for the flow 1s defined by:
Re = & M
M deged

where M is the mass flow rate, and

f is the absolute viscosity.

For this case:

— 1.0
M= ap iz 0 siug/sec.

Hopop = 3.82 x 10°7 slug/ft./sec. and,

2 7
_Lx_ 1.0  x102 x 107 _ L\

Therefore, Re % 3% 60 7.8 352 2.26 x 10+,
(3) Friction Factor

o = 0,340

(Re)oI§€

Thus for Re = 2.26 x IOLL

£ = 0,340 = 2.50 x 1072,
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P slug/rt3

where P is absolute pressure lb/ft2
T is absolute temperature °R

= (b7 +6) x 1k -3 3
Therefore, p 1 T (60 7 72 3.27 x 1072 (slug/ft°).

(5) Velocity

v=b I
w pde
i 1.0  x 103 x _ 10b
Therefore, V = . g 5 = 3.4 ft/sec
'  32.2x 60 3.27 (7.66)
(6) Pressure drop due to Friction
2
L pve.
AP = f L] L] L]
dg
' Therefore, AP = 2,50 x 1072 x 102 . 2e27 % 10_3.(3&.;)?
7.66 x 1072 2

63.1 1b/ft2

é%ﬁ% = 0.h4l psi

To obtain the greatest asccuracy the density should be
recalculated using a mean value for the gauge pressure; 1in this
case, 5.78 psi rather than 6.00. However, the change would be
only 1 per cent so this last step has been omitted.
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Solution of Sample Problem using Charts

3 1.045 0.158
From Fig. 7 for two wires %3 = 0.880
Therefore, dy = 0.880 x 1-2 = 7.66 x 1072 rt.
L = 100 ft.
T = 460 + 72 = 532 °R
P = (1h.7 + 6.0) x 1y = 2980 1b/rt2
(n)0-26 = 2,14 x 1072
M= 32.2'2 5 = 5.18 x 1074 slug/sec
Therefore, K = L4l x 532 x 2,144 x 1072 x 10° = 3,34 x 107
2980 5.1 x 10°°

From Fig. 9:

3.34 x 10/ and M

)]

For K 5.18 x 10°U

AP = 63 1b/ft2.

The advantages of using the design charts increcase as
the problems become more complex. The following design problem
further illustrates the use of the charts.

oxample Design Problem

PROBLEM

Determine the mass flow and static pressure required
at the 1nlet of the condult system shown which will ensure
that every point in the system has a gauge pressure greater
than 1 inch water. Assume that there 1s negligible friction
loss and leakage st the tee and cross fittings and that the
fixture at the end of each branch has a mass flow vs. pressure
characteristic similar to a 1/L4-inch diameter orifice. The
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temperature eVerywhere is 72°F and the ambient pressure 15 psisa.

INLET a b

d d

F F
BRANCH I CRANCH II

a 1 1/L-inch conduit 60 ft.
3 strands 10 g plastic covered wire.

b 1 1/4-inch conduit 60 ft.
2 strands 10 g plastic covered wire.

c l-inch conduit 20 ft.
2 strands 12 g plastic covered wire.

d 3/h~=inch condult 20 ft.
2 strands 12 g plastic covered wire.

F Fixtures which have some mass flow vs,.
pressure as l/u-inch diameter orifice.

SOLUTION
A, Calculation of Equivalent Dlameters
d 0.16
(a) = = > - 0.119 .
da 1.38L

d
From Fig. 7 — = 0,875,
d

Therefore, (de), = 0.875 x l:%g& = 0.1009 ft.
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d

(b) ¥ = 0,119,
3
de
¥From Fig. 7 — = 0.909,
3
Therefore, (de), = 0.909 x 1-12 = 0.10L9 ft.
(¢) SE - 0.165 _ 0.158,
d 1L.045

Therefore, (de), = 0.880 x 1‘8L = 0.0766 ft.
¢, 0.151 )

d —_— = = 0-18 [ ]

(a) T 0.828 3

Therefore, (de)d = 0.860 x 9:%%5 = 0,0591 f¢t.

B. Calculation of K
— T 0.26 L
K = = YV . =
Ll . (1 dg-7“
P = 15 x 14} = 2160 1b/ft?
T = L60 + 72 = 532 °R
(M)720'26 = 2,1k x 1072 (slug/ft./sec)o'26
=2'
Thus K de"
.. 235 x 60 _ 2.35 x 60 _ 6
Therefore, Kq = = = 7,50 10¥,
» 8 (0.1009)%°7F T 1,86 x 1075 *
K, = 2,35 x 60 _ 2.35 x 60 = 6.20 x 106,

T (004 TH T 2,27 x 1075
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=~ 2.35 x 20 = 2.35 x 20 = 6
K. = 9.21 x 107,
® (0.0766)%TH 5 10 x 1070 -
— 2.35 x 20 = 2.35 x 20 = 7
Kq = 3.05 x 10f.
(0.0591)47h 1.5, x 1076
C. Calculation of Pressure Losses

(1) Branch II
Figure 13 gives the mass flow as a function of the
differential pressure which exists across the fixture. For
this example the fixture is assumed equivalent to a 1/li-inch
diameter orifice. Tor a gauge pressure abt the fixture of 1
inch HpO the flow rate 1s: _
Mg = 3.22 x 10=5 slug/scc.

Figure 1l gives the pressure drop vs. mass flow for
each of the four different types of conduit,

Thus for Mg = 3.22 x 10-5 slug/sec.,
(AP)g = 0.465 1b/ft2
M 3 x 3.22 x 105 = 9.66 x 10-5 slug/sec.

0.94 1b/fte.

and (AP)e
Hence the gauge pressure at the entry to Branch II is
5.20 + 046 + 0.9, = 6.60 1b/rt@
for a mass flow of 9.66 x 10~5 slug/sec.
The pressure drop in the supply pipe b is:
(AP)y, = 0.63 1b/ft2,
Thus the pressure. at the 1lnlet to Branch I is

6.60 + 0.63 = 7.23 1b/ft2,

(2) Branch I

- It 1is now necessary to determine what the flow will
be into Braench I when the pressure gt the branch inlet is 7.23
1b/ft€. To do this it is necesssry to find the relation
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between the supply pressure and mass flow for the branch.

Since Branches I and II arc identical one point on the
characteristic is 6.60 1b/ft at 9.66 x 10~ slug/sec. To
obtain a sgcond point assume that the fixture pressure is
6.00 1b/ft2, Then frgm Fig. 13 the mass flow through each
fixture is 3.47 x 1072 slug/sec. and the corresponding pressure
drop in the d conduits is 0.53 1b/ft. The mass flow in the
¢ conduit is 3 x 3.47 x 10~5 = 10.41 _x 10=5 slug/sec. and the
pressure drop is (AP), = 1.08 1b/ft2.

ghis gives a supnly pressurg of 6.00 + 0.53 + 1.08 =
7.61 1b/ft2 and a flow of 10,41 x 10~5 slug/sec. Similarly a
third point has been found to be 7.12 1b/ft2 with a flow of
10.19 x 1072 slug/sec. These three sets of values were used
to draw the curve in Fig. 15. From this curve the flow rate
corresponding to T7.23 1b/fte is 10.19 x 10-5 slug/sec.

(3) Supply Line

The mass flow through the main supply conduit is
10.19 + 9.66 = 19.85 x 10-5 slug/sec. and the %orresponding
pressure drop in the supply pipe 1s 2.66 1b/ft2.

Hence at the entrance to the cogduit system the gauge
pressure must be 7.23 + 2.66 = 9.89 1b/ftc = 1,90 inches
water and the mass flow 1is:

19.85 x 10~5 slug/sec = 19.85 x 1075 x 60 x é{ég x 532

5.03 cfm

CONCLUSIONS

The sample design calculation in the section on
Application of Results shows that with the data included in
this report it is possible to calculate approximately the
pressure distribution throughout a conduit system that contains
wire. This neglects the losses in the various cross, tee,
elbow, and reducing fittings. If there are so many of these
fittings that they cannot be safely allowed for by a design
safety factor, further tests will be required to provide data
for these fittings. From the limited data obtained with long
radius elbows 1t appeared that the equivalent length of
fittings with wire are of the order of L,O per cent more than
when the conduit is empty. This should only be used as a
guide until better design data for fittings are available.
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and threaded couplings without wire
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covered)



TABLE A-1 (i)

DETERMINATION OF CONDUIT DIAMETER

L=l

Conduit M Pu log d d
Number l;'f?l gr?lo cm H,0 gn/cm3 10 ft.
I 4210 3230 36,29  0,9970  2.839 38, 6,908 x 1072
II 4808 3839 36,30 0.9970 2.836 87, 6.869 x 107<
a III 4799 3816 36,29 0,9970 2.840 048 6,919 x 1072
v 4692 3734 36,30 0.9974 2,834 308 6,828 x 1072
I 4988 3417 36.30 0.9975 2.941 690 8,744 x 10=2
11 4709 3164 36,30 0.9975 2.938 066 8,671 x 1072
1" III 4748 3185 36.28 0.9966 2.940 898 8,728 x 1072
v 4758 3201 36,27 0,9967 2.940 112 8,712 x 10~2
I 4979 2217 36.40 0.9980 1.063 508 11,575 x 1072
11 48L9 2164 36.40 0.9978 1.057 412 11,413 x 1072
1" III 4963 2195 36.41 0.9979 1.063 942 11,586 x 10~2
v 4,880 2117 36,40 0.9978 1.063 622 11.578 x 1072
TABLE A-1 (ii)
COMPLETE DATA FOR A TYPICAL SECTION
Man. Height Mass aM Notes
in. CCll+ gn gm
0 4799
5 4729 70 9'" Man, Scale
10 4,658 71 = 36.29 cm H,0
15 4,588 70 at 25,25°C
20 4517 7
25 L1448 69 - A = 0.9970.
30 4378 70
35 4308 70
40 4237 7
45 4166 71
50 4096 70
55 4025 71
60 3955 70
65 3886 69
70 3816 70




TABLE A-2

ORIFICE PLATE DATA

A-2

Nominal Diam. % in, 3/l in, 13 in,
Actual Diam. L.1850 x 10~2 ft. 642817 x 1072 ft. 10,397 x 107 ft.
Differential
Pressure ct Logyq C! c? Lc>g:LO Ct ct Log]_O ct
10 m H,0 0.60h5 | T. 781400 0.6026 | 1.7800L0 005935 | 1. 773Lo5
Lo mm H,0 0.60k9 | 1.781700 046029 | 1, 780240 0u59k0 | 1,773785
160 m H,0 0.6066 | 1.782910 006040 | T.781070 005961 | T.775310
390 mm H,0 06099 7..785230 0.6063 | 1. 782660 0.600L {1,778235




TABLE A-3

FRICTION FACTORS FOR EMPTY CONDUIT

A-3

Conduit 13" Conduit - Section # 3
i Orifice 0 3/hn 1dn
E ——— — e — —_— . —
1} m B0 10s0  L40e0  160,0 39040 | 10,0 1400 160.0 390,0 [10.0 40,0 160.0 390.0
T o¢C 21,6 21,6 20,8 20,7 21,5 21.5 21.0 21.0 21.7 21.7 2.4 2l.h
B corr m Hg. 75008 75008 7’4903 7’4903 753-3 75303 753024 753011 75200 75200 75008 750¢B
& in.CCly 110428 1,06 he16 10,08 [0.32 1.2k L.B0 TLL2 [0.8 209 B.93 20,30
A%, ™ 50 110,019 0,080 06270 00573 |0.099 0,331 1,101 2,370 [ 0,581 1,939 6&LLS 1L.080
i
£ x10° 305 3¢ 3415 2,78 | 3.68 3,08 2.56 2,27 | 249 47 2. <90
Re x 10~ 2,32 Leb5 9438  1Le80 | 5423 10446 21,08 33422 | 14,08 28,20 56,79 89,76
Conduit 1" Conduit - Section # 3
Orifice 30 3/ 11»
1! mm H,0 10,0 k40,0 160.0 390.0 [10.0 L40.0 160.0 390.0 | 10,0 L0.0 160.0
T oC 21.7 21.7 21.1 P1l.1  J21.L 21.L  20.6 20.9 | 21.% 21.5 21.5
corr, ™ HBe 1758, 758.L 758.2 758.2 |[75h.1 75h.1 7S4.l 7SW.1 [ 752.6 752.6 761.5
5 in.cCl [10.31 1,20 Lo60 11,00 [0.,50 1,81 6,62 1512 [ 1.66 5,59 18.80
APy ™ T2° 110,090 0,311 1.032 2,208 [0.389 1,282 Lhe231 9,058 | 2,240 74375 2ha35
£ x10° 4e07 3.52 2,92 2,57 13,h9 2,88 2,,0 2,14 2,77 2,31 1.98
Re x 10~ 3,10 6020 12,51 19.76 [6.95 13,51 28,01 Lk.13 | 18,71 37.L8 75.88
Conduit 3/L4" Condult = Section # 3
orifice an 3/un»
11 mm H,0 10,0 L0.0 160,0 39040 |10.0 L0.O 160.,0 390,0
*°¢ 7n.8 21,8 21,0 2.0 Nn,6 2.6 21.0 21.0
B eorr, ™ HEe 11756,3 756,3 75M.9 75he9 § 753.1 753.1 7uB.5 7hB.5
& inecCl H0.i3 1.56 5.80 13.88 |0.9 3,28 11,53 25.85
2P, TR0 10,782 0,911 3.000 B.578 | L.170 3.530 12,598 28.L5 |
ol irall
f x10¢ 3499  3.3h 2,75 242 [ 3,29 2,72 2,26 2,03
Re x 10~ 3.90  T7eBl 15,75 2L.B6 [ 8,75 17.50 35.19 55.2k




TABLE A-h (1)

PRESSURE DROP FOR PARTIALLY FILLED CONDUIT

A=l

13" Conduit Section # 3

Plastic Covered Wire

Fill 1 Strand 10 gauge 2 Strands 10 gauge 3 Strands 10 gauge
Orifice in 13" in 13n 3n 14"
1% mm Hy0 10,0  390,0 [40.0 390.0 [|40.0 390.0 §40.0 390.0 ||L40.0 390.0 |40.O  390.0
T °C 21,5 21.1 [21.6 21,7 ({21.6 20,9 |21.5 22,2 [121.6 20,8 (21,1 21.5
B corr. ™ HZe [[757¢5 757k [758.1 75841 |1 75747 7575 |759¢9 75648 }| 759eh 75746 | 76440 764.0
8 in. CCL; }|1.07 10,15 )2,80 22,06 [[1.09 10,22 2,99 23,40 []1.09 10428 | 3610 2L.lk
AP*/L“":T:EB 0,105 04710 | 2,345 16497 || 04132 0,872 |2,865 20,50 §| 0,172 1.06k {34419 23.90
de/3 ' 0s9L9 0,959 | 0,960 0,963 [ 0s90L 06917 10,920 0,926 [ 0.854 0,879 [ 04884 0,893
Re x 10~  |]ho93 15.38 {29.58 93.55 [] 5.17 16,22 [30.85 97.04 || 5.8 16,93 [32,92 101.30
Fi1l 1 Strand 12 gauge 2 Strands 12 gauge 3 Strands 12 gauge
Qrifice An 13n in 11n 3n 13n
1, ™ H0 390.0 |40.0  390.0 [[40.0  390.0 [L0.0  390.0 |Jh0.O  390,0 |h0.0  390.0
T °C 21.5 |22,2 22,0 ||21.6 20.9 [21.5 21.7 §i22.3 20,8 [21.5 21.6
B worr, ™ HEe 7525 | 75242 751.8 || 752.2 752.3 |752.2 752.2 i ThS.3 Thke$ [7h3.7 7U3.9
A in. CCLy 10.11 [2.65 21.25 [[1.08 10,19 [2.81 22,32 [11,09 10.2L [3.05 24,12
AP*/LT:T?._? 0,700 [2.330 16,72 || 0,131 0.83L [2,725 19458 fl 0,162 1.017 |3.276 22.8L
/3 0e961 [0.961 0.96L [| 0,905 0.926 [0.930 0.93?‘1 0,870 0,888 [0.89k 0,902
Re x 107 15,38 129,27 92.93 |{ S.1k 16,01 }30.3Lh 96.28 f5.31 16.62 |31.38 99,02
11 1 Strand 1h gauge 2 Strands 1L gauge 3 Strands 1l gauvge
Oorifice 4n 13 " 1n 3" 1"
1, ™ HyO L0.0 390.0 | 10,0 39040 [| k0.0  390.0 |h0.0  390,0 || k0.0 39040 |L0.0  390.0
T °¢C 214 20,7 [21.2 211 {]21.5 20,7 |22.h 2.7 }| 2.6 21,1 [2.h 2.6
B corre MM Hge || Th5e6 Tu6.3 | Tu6eT 74649 F| 75201 75242 | 75243 75242 || 75203 75243 | 7558 755.9
3 in. CCL 1.06 10,13 { 2,69 21.45 [11.08 10,16 | 2,82 22,32 || 1,08 10,22 {2,94 23,18
AP*/L’*%;@ 0s10L 04690 | 24298 16458 |} 0,122 0.80L | 2.635 18.76 || 0.1L8 0.918 |2.958 20.50
d/d 0a957 0,905 | 0,080 049065 || 0s9L7 0.93L [ 0s937 Oe . . TeJ1l 04921
Re X 10> || LeB5 15433 | 29420 92487 [} 507 15489 | 30415 95470 || 5.26 16432 | 30,98 95450




TABLE A (11)

PRESSURE DROP FOR PARTIALLY FILLED CONDUIT

A-5

1" Conduit Section # 3 Plastic Covered Wire

P11 1 Strand 10 gauge 2 Str:;lda 10 gauge 3 Strands 10 gauge
| orifice in 1in in 13» in 1ln
1y T H,0 10.0 160.0 |L0.0 160.0|} 10.0 160.0 150,0 || 10.0  160.0 100.0
T °C 21,6 20,7 |21.5 21.7 || 2.7 21.3 22,1 || 21.8 21,2 22,2
B gorr. ™ HEY| 750.0 750.7 [ 751.0 757.0) 752.3 752.1 751e1 || 7508 75143 75346
A in. ccyy 0.3  Le76 [6.55 22,201 0.36 L84 23,1 | 0,38 5,10 19.08
I “"ﬁ“a 0,140 14392 {94649 31,49 0,200 1,835 38,92 || 0,271 2,365 3h.22
iﬁ - 04921 0,938 | 0e9Uli 049U6[] 06856 0,885 04900 || 0,801 04839 0.852
Re x 107 || 3,34  13.29 |39.66 79.91 3.58 14,00 80e8 || 3.85 1h.8L 69.58
Fill 1 Strand 12 gauge 2 Strands 12 gauge 3 Strands 12 gauge
Orifice 1in in 1" ir 110
1} mm Hy0 10,0 160.0 | 40,0 160.0 i 10,0 160,0 |L0.0 l{ 100 160.0 {40.0
T °¢c 21,3 20,7 }2l.4 2.4 )f 21.7 21.0 |21.k 21.7 21.0 |2l.4
B corr. ™ HEO | 78,3 ThB.6 | 7h9.3 Th9.5 1| 750.9 75L.7 [755.2 I 755.4 755.h |755.k
& in. CCL 10,32 Le70 {619 2L05 11 0u3h  LeBL a5k 0638 Le98 [7499
op,, ™ B0 Ho.120 1,360 [9.u60 30,861 0,185 1.7u0 [11.86 0,200 2,1 [1hk2
£t
_ r_w; 06937 0,943 | 04948 04950 || 0.871 0,896 |0,905 0.821 04856 0,867
Re x 107 113,29 13.21|39.45 79.25 [ 3.54 1h.10 [#1.50 3.7 1h.59 [L3.33
F11 1 Strand 1k gauge 2 Strands 1L gauge 3 Strands 14 gauge
Orifice n by 3" 1in in 13*
i, m B0 10,0 16040 [ 40,0 160.0 }{ 10.0 16040 |L0s0 16040 {1100 160.0 [40.0 130,0
T °¢ 21,6 21,0 |21,5 21,5 [ 21.5 20,6 |21.4 21,3 [{21.5 20.6 |[21.h 21.7
B gopp, ™ HBe||752,1 7518 | 75047 75047 || 7u5.6 TuS.L [7h3.7 Thle3 [ 73804 Thbel [745.1 7453
3 in. CCL; [[0e31 he66 | 6408 20450 |} 0,34 L8O [6,72 22,60 10,37 LeSh 7,70 21.75
OF ﬂ'ﬁHg 0,125 1.290 | 9,010 29,40 | 0.169 1.579 [10.77 3L.82 |} 0.220 1.961 [3,1h 35,40
d./3 . 04943 0,954 | 0,958 0.961 || 0,886 0.913 {0,922 0.926 || 0,838 0.873 [0.884 0,888
Re x 10~ 3,27 13,07 | 39,05 7840 }! 3,47 13462 [ U0ehl 80492 [ 3465 1he23 42,20 76401




TABLE A-L (111)

PRESSURE DROP FOR PARTTALLY FILLED CONDUIT

A-6

3/L4n Conduit Section # 3 Plastic Covered Wire

Fill 1 Strand 10 gauge 2 Strands 10 gauge 3 Strands 10 gauge
Orifice 3" 3/ye in 3" 3/
1, mo H,0 10.0 40,0 160.0 [160.0f] 10,0 10,0 160.0 390.0 J10,0 1L0.0 160.0 |160.0
* °¢ 2l.h 2.4 2.7 |21.2 21,4 22e3 20,7 2047 [[21.8 21.8 21.u |21.5
B porr, M1 Hge || 76040 760.0 76943 [759e3 (| 7u9eT TuSuT Th9e9 Tu9.9 [|75h8 75u.8 753.7 |750.6
A in,cCl, ||0.50 1.7h 6.3k [13.50() 0.60 2.0k 7.28 16,60 [J0.69 2,30 8,05 20.15
BFup ™ B0 J0.LL0 1,369 Le353 |17.36{) 0.TI5 2,120 6.570 13.67 ‘ 0,960 2,798 8,517 |32.66
9y /g = 0e915 0,922 04932 |0.940 0.326 0,841 0.854 04850 JJ0,772 0,792 0,806 [0,812
Re x 107 (128 8,46 16,88 |37.75 [ Lo70  9.22 18,40 28.85 Jl5.040 9.850 13 500 |3 300
Fill 1 Strand 12 gauge 2 Strands 12 gauge 3 Strands I;Zuge
orifice An in An
1, mm H)0 10,0 40,0  160.0 390.0 || 10,0 140s0 16040 390.0 [[10.0 1L0.0 1600 390.0
T og 21.8 21.8 20.8 20.8 21.7 21.7 21.2 21.2 21.8 21.8 21.0 21.0
B gorr, ™ Hge || 758.6 7586 758.0 758.0f} 755.5 755.5 75503 755.3 | T5he3 75he3 7513 751.3
A ine CCl, 0050 1e7h 630  1he62 §| 0.57 1.9h 6492 15,88 110,66 2,19 7.66 17.38
Ap*/L"“"_;:ﬁ 0,428 1,345 La282 9,000 || 0,621 1,894 5.880 12,22 |{0.862 2,536 7.705 15,90
EE ‘_j 0,916 04925 04932 0.937 {} 0,847 0.860 0,871 0.878 |{0.790 0.809 0.821 0.830
Re x 10> ‘!h.26o B.U50 16900 26462 || Le600 9,060 12950 28430 [iLe930 94640 19.170 29.85
==
M1l 1 Strand 14 gauge 2 Strands 1bh gauge 3 Stranda 14 gauge
Orifice in 30 in
1, mm H,0 2060  40.0 160.0 390.0 [} 10.0 140.0 160.0 390.0 [[1040 LO.O 16040 3900
T °C 21,8 21.B 21.0 21.0 }j 21.6 21,6 22,6 22,6 }i21.7 21.7 20.8 20,8
B copp, ™0 Hee || 75260 75240 751k 75L.k | 75047 75047 7h9.9 74969 |HTuBT ThBeT Th9T Th9W7
A in. CCL;, f0.u6  1.70 6,22  1lholik [} 0,56 1.86 6,72 15,45 H0.60 2,07 7.30 16.60
AP*/L"“Hzo 0oU10 1,296 14,121 8.682 I 0,546 1.678 5,290 11.0L 10,730 2,171 6,670 13,78
d, = . 0.925 04933 0,940 O.9Lh §f 0,871 0.88L 0,891 0.898 [[0.819 0.836 0.848 0.855
Re x 107> [|1e200 84350 16,720 26,20 § LoL70 8,80 175 27,45 || Le780 94300 18LE0 28900




A-T

TABLE A-lL (iv)
PRESSURE DROP FOR PARTIALLY FILLED CONDUIT

13% Conduit Section # 3 Rubber Covered Wire

Fill 1 Strand 14 gauge 2 Strands 1L gauge 3 Strends 1 gauge
Oritice in 14 " 13 in 1
1, mm Hy0 o 160 |uw 160 [fuo 160 Juo 160 [fu 160 |uo 160
T ¢C e1e7 21.0 [21.5 22,1 21,9 20.8 21,6 21.5 21,4 20.8 [21.5 21,6

BCOI'I‘. mmHg. 7630)4 7630,4 759-6 75807 757-6 75600 755-3 75’1.2 75205 753.0 75307 75305

A in, CC1 1,07 U4e20 [2.71 9,55 1,08  L4,21 12,83 9.98 1,08 L.23 }2,93 10,30

AP*/LMH‘ZO 0,106 00340 | 2,358 7,872 |{ 0,128 0,394 12,662 84798 f 0,150 0.u68 | 3,100 10,12

M 049L3 049UB 10,958 0,960 |] 04905 04918 |0s93L 0936} 04876 04883 | 0,905 0,910

Rex10'3 Le98 10,00 {29.70 59455|| 5616 10.29 [30430 6085 |1 5,33 1045h } 31,30 62,50

3/L" Conduit Section # 3 Rubber Covered Wire

™M1 1 Strand 10 gauge 2 Strands 10 gauge 3 Strands 1L gauge
orifice Ao b in 13" in 14

1, m Hy0 10 L0 160 30 10 L0 160 20 10 10 160 25
? °¢ 21,8 218 (2.1 217 || 21.6 21.6 [20,5 21.5 || 21.8 21.8 |21.0 21.7

B corr, mmHg. 761.2 761.2 76101 759.2 75&02 75ho2 75’403 75h03 7&‘011 76’40)4 76’4-5 76)400

A in. CCL, 0.5h  1.89 (6.84 16,80]f 0.76 2,47 [8.51 18,18]| 0.68 2,25 | 7.87 18,75

DPyy ™ H0 10,568 1,740 |5.532 29.86f 1,050 3,100 |9.552 35,96]| 04910 2468184210 36,8L

ba )

de./'é' 06867 0,881 |0,886 0.892]] 0.761 0.779 0785 0,795|] 0.78L 0.802 § 0,815 0.82L

Re x 107> [[L.S1 8,69 [17.80 L6.00|| 511  9.99 [20.08 Li.90|| S.02  9.80 [15.83 us.ko

——
————




TABIE A5

A-8

DATA FOR TWISTED COMPARED WITH NONTWISTED WIRES

[3/&" Conduit 3 Strands 1L gauge Plastic covered
Orifice %n
1, 10,0 1,040 160.0 39040
a

NT T NT T NT T NT T
Sect # IT |06 780 04772 [2.28L 2,270 |66915 64893 |1h,16 14,10
Sect # TIIT{P.T730 0.738 [2,171 2,193 |6.670 647u8 [13,78 13.93
Sect # IV 00650 0.772 2.298 2.293 70090 70096 Dl-lo?é 1’4078
Twist 3 Twists per 10 ft. length of conduit

1"® Conduit 3 Strands 1l gauge Plastic covered
Orifice 13n
LP, OP, AP, AP, OP, AP,
NT T NT T NT T NT T NT T NT T
Sect # II [|06268 04258 {06756 04755 [26311 24307 |Le798 LeTBL [|4e859 114850 15.38 15,36
Sect # TIT{j0e2U0 06239104700 04705 [2,141 2,166 [LoliS7 LeSLT ||Le516 LaSok [Lhioki2 1he 6k
Sect # IV ([0e2k1 0,231]|0,699 0465k [2,125 2,141 (4eki09 LekT0 ||Lek72 Le5hO 1ha38 1L.58
Twist 3 Twists per 10 ft. length of conduit ﬁ
T = Twisted
NT = Nontwisted
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TABLE A-6 (11)
EQUIVALENT LENGTH OF LONG RADIUS 90° ELBOW (WITH WIRE)

( 1 Strand 10 gauge Rubber covered )

A=10

3/4" Conduit

Orifice 3 1in
1: 10 Lo 160 390 10 30

AP i nPtiaP {aP' [oP |aP |aP |apt |lar |aPr |aP [aPr
Sect # IT {15.99/5.88(18,39(|18433|5840L (58400 |121.6]121,1 ||122.5 [12343 |306eL{30L48
Sect # IIT|:5468|6496 [17s40[21s40]55432(67489111649 [1h3.5 |[11745 [14641 [298,6)369,8
Sect # IV 11548916419 {18,43119,28(58,94161.85|125,4]131.3 [[126.5[133.8 3274234645
Re x 10~ 145 8.7 17.8 28,2 26,5 16,0
Le/de Lo,.8 38,2 37.L 38.0 38.3 L0.3

T

§ 1" Conduit
Orifice in 1%::
15 ' 10.0 10,0 160,0 390,0 “ 10,0 1400

AP [aP|aP (APY ] AP (AP |AP (AP {|aP AP' AP APt
Sect # IT }11,7072.80]5.30 5,51 | 17.00(17.30{35,91]) 3643k || 36¢15|37.05{117.5/121. 1
Sect # TIT||1e6212429{5¢1L [ 6680 [ 16433]21,4L]34eS1 15,45 || 3Le98|L6632]11401)153.3
Sect # IV 1.6i§1.79 De08 ] 5,43 1 16438{17425{34469] 36.L4}|35.,01]37.28|115.5(|12L,5!
Re x 10~ 34 648 13.8 21.8 2046 Ule2
Le/de h207 3&.’4 36.6 38.0 3608 3800

11" Conduit

Orifice 3n I 11n
1; 10,0 10,0 160,0 390.0 10.0 L0,0 160.0 390.,0

OP [oP'|AP L APt {AP [ APt [AP | oPt AP |AP |AP |aPY |[AP | aP'] AP| AP
Sect # IT ]10.41 0eli0f1430: 1428  Lo11 {hell [Bo6l 8ol }8477 { Bo89 [28460]2847h (95401 [9e90 [20148 PO247
Sect # TIT 10438 Pe51§1.20} 1,61 13,80 | 5621 [7.99 } 12,08 §i8.09 | 11439 {2642l 137458 187420 [127.L [18948 PT7h. 7
Sect # IV 10636 Pe3L11e17] 1019 [ 3467 [ 385 17663 | 8418 §{748L | 8,10 |25,08(27455 83418 [93.60 [181.2 ROL.S
Re x 10-3 2'5 500 10.1 15.9 15.2 300,-1 6101 9606
Le/de 35,0 33.8 34,5 36,0 36,2 39.5 L3.2 L3.5

AP Pressure drop mm H?O for 10 ft. of straight conduit with wire

AP Pressure drop mm Hy0 for 10 ft. of conduit + 90° elbow with wire



APPENDIX B

SAMPLE CALCULATIONS

1., Calculation of Conduit Diameters

@2 b9 Mo~
™ 70  py - Hy
MO = 11692 gm

Moo = 3734 gm
Therefore Mg = M7g = 958 gm
Hy = 36,30 cm water at 23.6°C
Therefore pw = 0.997h gm/cm3
2 log & = log(Mg - M70) = log py - log Hy - 3.753975.
This last number is:

log {" x 1%% + 2 <log 2.5 + log 12)
log 0.9974 = 1.998 869
log 36.30 = 3.552 303

+ 3.
E.é%é“f%f
log 958 = 2.981 366
- 5.312 751
2 log d = 3.668 615
log d = 2,83l 308
d = 6.828 x 1072 rs,

2. The Density of Air

The mass density of dry air is given by:

_ P
P = 171887



B -2

p is in slug/rt3
P is in 1b/ft2 absolute

T is in °R .

or

©

= 1.6232 x 10™3 % .

B barometric pressure mm mercury

For moist alr the expression for density is:

p =1.6232 x 10=3 (B - 0-%25 e)

where e 1s the partial pressure of the water vapour
in the air vapour mixture. Thus the effect of moisture on the
density can be accounted for by using the dry alr formula with
the barometer reduced by 0.375 e.

The =ir flowing through the conduiﬁ was assumed to

Je sehrated st 100 nsig and 72°F. Hence at atmospheric pressure
this air nad a vapour pressure of:

20.0 x 1% 6 = 2.55 mm mercury.

Thus the barometric correction to take account of the moisture
in the air is: '

= 0,375 x 2,55 = =0,956 mm mercury
Since the barometric pressures are measured only to the near=

est O.1 mm this correction is =1.0 mm mercury.

3. Sample Calculation of Friction Factor and Reynolds number

The expression relating the friction factor to
me asurable quantities was shown to be:
=5
-
£ = Ma . (d) R S
PL  (G1)° 1

(g}
]



B-3

The following data are typical:

3/L=inch conduit - third section
3/l4-inch orifice plate

Temperature 21.6°C

Barometer 756.8 mm mercury at 21.8°C

The barometer correction for temperature is -2.7 and
as discussed in the previous section a further correction of
-1.0 takes account of the moisture content of the air.

Baopr = 756.8 = 2.7 = 1.0 = 753.1 mm mercury
at 0°C, _
Py = Beorr * 2.99 4,
where p 1s the mean gauge pressure for the length of
conduit, in inches of carbon tetrachloride. For this case
A = 0.94.
Therefore P, = 753.1 + 2,99 x 0.94 = 755.9 mm mercury,

14
27 .2

1 =
P'Jl‘ BC orr +

where i}, 1s the differential pressure across the
orifice in mm of water.
Thus for it = 10,0 mm water

P! = 753.1 + ég:g = 753.5 mm mercury.

The values of log T and log p used for the following
calculation were obtgined from graphs of these variables vs.
temperature in °C. Similarly values of log C'! were taken
directly from Table A=2.

Quantity Value Logl0
PL 753.5 2.877 199

Dh T.192 300

1! 10,0 1.000 000

ct T.780 oyo

c! T.780 oh0

N 2.629 579

P, 755.9: 2.878 L6l
(d)5 %.200 240
APasr, 1.170 0.068 186

3.146 890



Therefore f 0.03291 2.517 311

The expression for the Reynolds number was shown

to be:
gt D2 11 pryl/e
dp T
The quantities here are the same as discussed
above .

Quantity Value Logjyo
i) 10.0 1.000 000
Pl 755.9 2.877 199

3.877 199

T - 2.72L 780
+2 1.152 419
0.576 209

o T.780 040
D2 3.596 150
Factor 0.025757 2.410 897
X L.363 296
2.840 o048

2 7.581 310
Y 8.421 358
X I.363 296
Y - 8.421 358

Therefore Re 8.749 x 10> 3.941 938



5

L. Sample Calculation Equivalent Diameter.

The equivalent diameter dg is related to the
measurable quantities by the relation:

5 - 2 Uh oy B
»(de) f. (C1)° . (AP%)L D P

where the quantities have the same meaning as in the expression
for f.

As an example the following data were obtained for
the third section of the 3/L-inch conduit containing 1 strand
of 10-gauge plastic covemed wire,

1/2-inch orifite plate

il = 10.0 mm wgter

AP*/L 0.440 M water

A

0.55 ; 9.95 = 0.50 in carbon
tetrachloride

Temperature 21.4°C
Barometer 763.7 mm mercury at 22.8°C

Barometer = 763.7 - 2.8-1.0 = 759.9 mm mercury at 0°C
corr.

d
1

= Byopp, * 2:994= 759.9 + 2.99 x 0.50 = 761.l

5 L, L (1}) p N - 260
3 corr.  13.6 T2y 759.9 27.2 760.3

g
]




Quantity
P‘a‘

¢!
¢!

P!
3

it
3¢

(dg)>

Factor

Re

Value

761.L
0.440

0.6045

760.3
10.0

10,0
760.3

0.6045
0.025757

B -6

First Trisl

Log

2.881 613
1.643 453
2.525 066
2.605 000
I.781 Loo
T.781 44,00
6.486 784
2.880 985
1.000 000
L.535 569
2.525 066
£.010 503
2.802 101

T.581 070
8.383 171

1,000 000

2.880 985
3.880 985
2.724 1,80
1.156 505
0.578 252
3.243 392
T.781 400

2.1410 897
4013 941

8.383 171
34630 770

Correction

2.6000

2.8011
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5. Sample Calculation of lg/J for 90° elbow.

Data:

3/l-inch conduit empty d = 6.919 x 10~2 ft.

1/2-inch orifice plate i} = 1j0.0 mm water

Section # AP;,;. APe
2 9,80 mm water 9.82 mm water
3 9,411 mm water 10.90 mm water
10.04 mm water 10.02 mm water
Calculation:
ez = 10 ___ { 10.90 x 9.80 _ 1'} - 22.8
6,919 x 10~ 9.41  9.82
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EQUIVALENT LENGTH (DIAMETERS)

440

36-0

320

280

24-0

200

16-0

120

8-0

4.0

=
-

90’

\ S———

_—=

LONG RADIUS ELBOW PLUS

TWO COUPLINGS. -]

THREADED COUPLING

3 ’
7!
A=l A A 4 e "
. el O O
—L:—o-“dOﬁo . =0 e
O 1,

I I I I | |

3420 340 3+60 380 400 4:20 440 4.60 4.80

FIGURE 8
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FIGURE 9
PRESSURE LOSS FOR TURBULENT FLOW IN
A SMOOTH PIPE.
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FIGURE 10
PRESSURE LOSS FOR TURBULENT FLOW IN
A SMOOTH PIPE.
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