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during streamline flow in plpe coils
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A plot of the Fanning frictlon factor vs the
Reynolds Number for streamline fluld flow in
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Reynolds Number for turbulent fluld flow in
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the frietlional loss from cne tee
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Reynolds Number for turbulent fluid flow in
the helical test secticn

A plot of the Fanning frictlion factor vs the
Reynolds Number for turbulent fluld flow in
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I. SUMMARY

The oblect of thls thesls was the establishing of z
generalized correlation relating the frictlion factor of
curved pipe to the friction factor of a gtraight length of
prlpe. Although an empirical correlation has already been
established for both streamline and turbulent fluid flow in
rlpe colls, these correlations are restricted to helices
with closely spaced turns. After verifying the applicability
of the established correlations to colls with closely wound
turne, this investigator intended to increase the pitch in
the turns and note the effect on the correlations.

No results were obtained. For the streamline flow of
water in hils straisht test section of high pressure rubter
hose, thls Investigator obtained pressure losses greater
than antlcipated for viscous fluld flow in pipes. The data
for turbtulent flow gave also for particular Reynolds Numbers
values of friction facters greater than expected for smooth
tubing. Furthermore, the pressure loss in & hellx for a
dlstinct value of the Reynolds Numier during turbulent flow
was usually the same or less than the value in the straizht
test section - for this helix, a value 35% zreater was
antlecipated,

This investigatcr believes the source of the error
lies In the use of glass tees to measure the pressure

differentials across the test section. These tees caused an

jis}
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unaccountable vressure loss 1n the test section; they
evidently masked the effect on the friection factor when the
tubling was wrapped into & helix. An alternative to the use
of the glass tees 1s recommended - a small hole may be
punctured in the wall of the rubber hose zand a thin
hypodermlc needle, the manometer tap, may be inserted flush
wlth the inside wall of the tubing. This technique would
avold inducing any turbulence into the flow because of zn

obstruction in the path of the fluid,



11, INTRODUCTION

The applicatlion of plpe coils in chemical engineering
processes appears in heat exchangers., A correlzation for
estimating the friction factor in a curved plpe would lezd,
by application of the Bernoulll Equation, to sn eztimstion
of the pressure losgss ln a pipe coll, This Information would
be useful for predicting power requirements for pumping and
suitable pipe and coll sizes,

The pressure drop in plpes is expressed by the
Bernoulll Eguation

-5vdP AlL+=Al{+FR 1

<8c

he ?U&Htiti@S‘%%E and EQE are state functionsz, independent
of the path., The fluid frictlion loss, FRr, however, is
dependent upon the path of the fluld flow. The value cof Fy
1s ecalculated from the Fanning Equation for fluld flow in
vives. Experimental investigation by White for both
streamline and turbulent fluld flow has revealed that when a
lengtih of stralght tublng 1s wound 1lntec a helix, the
frictional loss for the same Reynolds Number is
increazed (8). This effect arises from an increase in the
friction factor,

Taylor examined the flow lines of streamline flow
through curved pipes using coler bands (7). The figure

below 1s a cross=-sectlon by a vertical axlzl plane of the
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upper section of one of the colls of a hellx laying in

horizontal plane. The flow is toward the axlis of the hellx

near the wall and away from it in the center., This
spiraling motlicn in the fluid results from the radial
pressure gradlents arising from the centrlfugal action
induced by the helix. Because of the radlal component in
velocity of the fluld molecules durling flow through a curved
pipe and the longer path per unit length of pipe traveled by
ezch molecule, a hlzher pressure drop In a hellx 1s
antlcipated,

Dezn, in an znalysls of
streamline flow, showed that a relationship, Cg5, eguzl to
the ratio of the friction factor in the curved pipe to that

)

1e

ct

in the straight, f—ﬁ, is a functlion of Re V’g‘.-:here d is
inner diameter of the tubing ard D is the mean dlameter of
the helix (2). White verified this relationship

experimentally. White's results could be exprescsed as

= 1

ogd) ™t = (223"t = 11 11 S (w) 0.45
-8 Re

(For a gravhical presentation of the relationship, refer to

M

igure 1), Streamline fluld flow exists for values of fg,
greater than 0,009; for smaller values of f,, the fluid flow

4



(For an explanation of the symbols,
see II. INTRODUCTICN)
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curved and stralght pipe during streamline flow in plpe coils



is in the turbulent reglon where the rule 1s no longer
applicable.

Streamline motlion continues for hisher Reynclds
Numbers in curved pipe than in strailght vipe. An znalysis
of Taylor's and White's results reveals that the sharper the
curvature of the helix, the higher wlll be the Reynolds
Nunmber for the continuance of streamline motion. Furthermore,
the transition from streamllne to turbulent fluid flow is
not as nmarked for curved plre a2s 1t is for stralsht pipe.

Deen accounts for this by considering the motion of the

fluid in ezch situation: turbulence in straight pipe is
accorpanied by the lateral movement of fluid (swirls and

eddies) which implies 2 loss of energy that has no

velocity is reached; it probably increases when turbulence
sete in but there will not be & rapld change in the friction
factor of the curved pirve (3).

No theoretical correlatlon for the relatlonship of f,
and fg during turbulent fluid flow has been prorosed, Cremer

and Davles mention thet =n empirical relationship of the

o)

fricticn fesctor of the curved pipe to that of the strsight

- - R

for turbulent fluild flow in plpe coils has been derived (1).

This relationship 1s expressed as

P 2rd
s



(For o graphical presentation of the relationship, refer to
Figure 2)., The author of this thesis, howsver, endeavoring
to learn the conditions under whilch the investlgatlon was
performed and the range of Reynolds Numbers encompassed by
the correlation, was unable to locate the orlginal paper.
High pressure rubber hose will be used to facilitate
experimental worik in this project. After the relationship
of the friction factor to the Reynolds Number for a straight
test sectlon of the rubber tubing using water as a fluld is
determined, the tublng willl be wound into helices of
different diametérs. For each helix data will be obtained
relating the friction factor of the helix to the Reynolds
Number for both streamline and turbulent fluid flow. White's
empirical correlation for astreamline flow can then be

verified. The applicability of the correlation for turbulent

k

&

-flcw in pipe colls prorosed by Cremer can be determined,

The previous research intec this problem failed to note
the effect of the pitch of the turns 1In the helix upon the
correlations. Only Eustice zgave information about the pitch
cf the tubing in his work - the turns had a pltch of elght
degrees (4). Although the other researchers do not mention
the pitch in their helices, this investizator is inclined to
believe that since they compared their results with
Eustice's, their coils too must have been closely wound.

It appesrs evident that as the turns in the helix are

spread apart increasing the pitch, the friectional loss per

6
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Figure 2

A plot of the Cremer and Davies Correlation relating the
friction Teactiors of c¢curved and|stralght pipe during
turbulent fluid| flow|in plpe colls

(For &an explanation of the symbols, see II, INTRCDUCTION)
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unit length of the tubing will decrease, In the limit, the
pitch 1s ninety degrees - the hellx has now lost 1lts
identity and the tubing 1s stretched out in a stralsht
line. The plot of the frictlion factor versus the Reynolds
Nunkter for the curved pipe willl now be colncident with the
plot of the straight tegst section.

After the correlestions for the streamline and the
turbulent fluld flow have been verlifled, the pitch in the
turns of a hellx will be changed and the effect on the
correlations noted., The intentlon of thils work is to
generallze the correlatlons which have already been

established.



I1I., PROCEDURE

The pressure loss in the test section of high nressure
rubber hose was measured by a mercury, a carbon
tetrachloride, or an inverted toluene manometer devending
upon the magnitude of the pressure difference. The leads of
tygon tublng extended to the manometers from the zlass tees
inserted at each end of the test section. The author
antlicipated the loss due to the tees to te nezligible,

The glass tees were vlaced on the same horizontal
plane; the tap water used in the project was considered

incompressible. Hence Eguation 1 reduces to
—JvdP:FR 4

— &
But - j; ar = 5 Y manometer fluid 7ﬁ) == 5

Se
The quantity, X, is the displacement of the manometer fluid,
The fricticnal loss, FR, 1s expressed by the Fanning
Equation for fluid flow in pipes
= rade Bl we
Fg 6cW2d5PE 5
where w is the mass flow rate and L is the length of the

tubing. Hence

o £.1 2
1 yomanometer fluid 70) e :jﬁ — i
fg Se &c1T2 d5/92

Data was collected relating the friction factor to the



Reynolds Number for the flow througsh the hose,

When the author observed that the results were not
conferming with those expected, he regarded the loss due to
the tees as appreciasble and tried two methods for
calculating this loss. The first was the insertion of two
more tees at the downstream end of the test section, A
length of hose, akout an inch long, seperated each of the
tees. The pressure loss between the upstream tee and the
first dowvnstream tee was consldered the loss for the test
gsectlon and one tee; the loss between the upstream tee and
the second downstream tee was regarded as the loss for the
test section and two tees; etc. These losses were plotied
and extrapolated to zero tees. However, these results did
not correspond wilth those expected.

The second method was the reveating of the runs for a
shorter test section. The pressure losses were rlotted as a
function of the length of the test section and extrapclated
to zero length to glve the loss due to the tees. This method
too falled to correct the results for the smooth rubber

tubing.



1V, RESULTS

The results of the project are presented in Flgures
three to six.

Figure 3 18 & plot of the Fanning frictlion factor vs
the Reynolds Number for streamline fluid flow in the
stralght test secticn. This graph end the subsecuent Flgures
four and flve present the result of correcting the data for
the frictional loss from the one tee iInfluenclng the fluid
flow in the test section. This was evaluated by an
extrapolation of the pressure loss to zero tees.

A vlot of the Fanning friction factor vs the Reynolds
Number for turbulent fluld flow in the straizht test section
is presented in Filgzure 4,

Flgure 6 1s also a plot of the friction factor vs the
Raeynolds Number for turbulent flow in the stralght test
section. But thls plot presents the result of deducting the
pressure loss of the tee influencling the flow of water
through the section, evaluated by extrapolating the pressure
logs to zerc length.

Figure 5 18 a plot of the friction factor, Reynolds

Humber relationship for the turbulent fluid flow in 2 helix.

10



0.1
OL0T
0. 04
0.02
Figure 3 o1
A rlot of the Fennlng frietlon
factor va the Reynolds Number
for streamline fluid flow in the G O0T
sirgight test gsectlon
Legend
0.C00%
BESEEResIsIRInE The curve for the N\
uncorrected data
The curve for the data
corrected for the frictionzal
—Ft——*t= loss from ons tee using the
techniogue of extrapolating to o, 002
zeéro tees
The curve for the expected
results
400 1000 40C0 10000

Re



Legend

——t

Figure 4

A plot of the Fanning friction factor
vs the Reynolds Number for turbulent

fluld flow in the stralght test
section using the method of
extrapolating to zero tees to

determine the frietionel loss from

the tee

The curve

for the

uncorrected data

The curve
corrected
loss from
technique
zero tees

The curve
results

for the data :
for the fricticnal
one tee using the
of extrapolating to

for the expected

0.07

0.04

0,02

0,004

.00

4000

10000 : 40000

Re

105



Re

0,1
Figure 5
A plot of the Fanning frletlon factor 0.07T
ve the Reynoclds Number for turbulent n
fluid flow in the hellecsl test
gsaction
0,04
5 5 G 1
\:\0-..“
\ —\—_‘o-‘_'uh""'o
* RO
+~Hﬁﬁ_ﬁ~‘h~h .01
+
0,007
Legend
: The curve for the .
= uncorrected data SR
The curve for the data
corrected for the frictionml
e L a8g - Trom One- - Cee - uatnp the
technique of extrapolating to
zero tees : 0,002
00 4000 10000 40800 102



Legend

e e

Pigure 6

A plot of the Fanning frictlon factor
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V, DISCUSSION OF RESULTS

Referring to Figure 3, the plot of the friction factor,
Reynolds Number relationship for the streamline flow through
the test section, one notes that the curve of the
uncorrected data approaches an asymptote at low Reynoclds
Numbers; the agsymptotle line 1s the line expected for
streamline flow in circular plpes. However, the
inconsistency of the experimental plot wlth the one expected
for the higher Reynolds Numbers had prompted the author to
consider the source of sny turbulence promotion in the flow -
since there was no leaks at the manometer joints nor air
bubtles in the leads, the manometer was not at fault.

The author had considered the frictional loss from the
tees to be negligible when he designed the system. But they
apreared to be the only source of turtulence promotion in
the test section. The techniqgue of extrapolating the
pressure lcss to zero tees to estimate the loss from the one
tee Influencing the flow in the test section was then
applied -~ the expsnsion effect of the upstream tee and the
contraction loss of the downstream tee was ccnsidered the
loss from one tee. However, the corrected results did not
correspond with the ones anticipated.

Nevertheless, data for a helix was obtained with the
intention of apnlying another method to estimate the
frictional loss of the tees 1n the straight test section and

[
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which would then provide a correlation with the data for
the coll - the approximate f5, Re relationship for the
smooth rubber tubing was known.

However, from reference to Figures 4 z2nd 5, the
pressure losses in the ccll are sbout the same or less than
those in the straight sectlion for the same Reynolds Numbers,
From the Cremer and Davies correlation, the author expected
a loss 35% greater for the coll than the stralght section,
Hence, no conclusions about any correlations could be
derlved from the data.

The attempt to estimate the fricticnal loss of the
tees by an extrapolation of the pressure losses to zerc
length did not improve the data very much (see Fizure 6).

The only conclusion which can be drawn from these
results 1s that an unaccountable frictionzl loss was being
induced by the tees - the only source of turbulence in the
system. The tees were concealing any increase in the
pressure loss when the hose was wrapped into a2 helix., For
future research inteo verifying and generslizing the
correlations established for fluld flow in pipe colls, the
author recommends the use of another method for measuring
the pressure in the test secticn.

The ingerting of a2 thin hypodermic needle through the
wall of the hose would =void placing any obstructions in the
path of the fluld. The mancmeter fluld would, with thie
device, take longer to reach eguilibrium.,

12



VI, CONCLUSICNS AND RECOMMENDATICNS

The author had proposed and used a perticular method
for measuring the pressure loss in the test section. But
subsequent work lndlcated that this technloue was
unsuitabie.

To aveild introducing unaccountable losses in the test
sectlion by the use of glass tees, the author suggests that a
small hole be punctured in the wall of the hose and a thin
hypodermlic needle be inserted flush with the inside wall of
the tublng. The manometer fluid, however, would take longer
to attain equilibrium before the pressure difference could
be measured.

The author concludes from the literature survey that
the correlations relating the Fanning friction factor of
curved plpe to the friction factor of a straight length of
plre apprlies to only helices of closely wound turns. Further
Investigation ought to note the effect on the esteblished
correletions by the changing of the piteh in the turns of
the hellx,

Work should be performed to determine the ranze of
Reynclds Numbers encomnassed by the correlation for
turbulent fluld flow in pipe coils proposed by Cremer =nd
Davies.

The zuthor sug:ests that when high static pressures
exlst 1n the test section, =2 hose stronger than tyzon tubing

13



should be used for the menometer l=szds,
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VII, APPENDIX

A, DESCRIPTICN OF APPARATUS

High pressure rubber hose was used to facilitate the
experimental work in thls investigatlion. Tap water, the flow
rate measured by a calibrated orifice, flowed through a
three foot stillling length of the hose before entering the
test section. Leads of tygon tubing extended from the 12 mm
glass tees at the ends of the twenty and one-half foot test
section of 0,497 inch 1d. hose to a mercury, a carbon
tetrachloride, and an inverted toluene manometer permitting
the measurling of the pressure loss in the section. A length
of hose after the downstream tap avoided the introduction
of turbulence into the flow iIn the test section because of
downstream bends. The straight test sectlion layed inside of
ean iron pipe; the helix was wound sbout a drunm,

This investigator attributed the fallure tc obtain
results to the method of measuring the pressure loss in the
test section. The author suggests that a thin hypodermic
needle be inserted through the wall of the tubing and flush
with the inside wall of the hose. This technique avoids
intrcducing the unaccountable turbulence which the glass
tees 1lntrecduced into the flow of the fluid through the test
section, However, the system would take longer to rezch
equilibrium before the pressure difference could be
measured,

15



Thlis investigator noted that during hlgh flow rates of
water through his system, there was a high static pressure
in the test sectlon. Thls effect manifested itself in a
swelling of the tyzon tubing - the mancmeter leads. The
author is not familiar with the strength of tygon tubing but
he believes that for very high static pressure in the
system, a stronger hose should be substlituted for this
tublng.

The hose in this project was pliable enough so that if
1t was wrapped into a hellx of a moderate sized diameter, it
would retaln 1its circular cross-section. However, in a helix
of a small dlameter, the hydraullc radius must be applied in

the correlations.
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VII. APPENDIX (Cont.)

B, SUMMARY OF DATA AND CALCULATED VALUES

1. Streamline fluid flow in the straizht test section
using three tees at the downstream end to account for the
loss due to the tees. The quantity Hg i1s the pressure loss
for the test section and no tees; Hi 18 the loss for the
test section and one tee; ete.: the superscript (')
indlcates a value corrected for the loss due to the tezs,

L = 20 £t 7% ins

For runs 113 and 114: T = 12.8 C,‘le 21 cp
For runs 115-118: T = 10.5 °C; /= 1,28 cp
Run w Re  Hz Hy  Hy Ho £x 1
Inches of Toluene
115 1,02 604 4,55 3,90 3.2 2.60 0,0286 0.0229

118 1.22 726 7.0

n
0

499 3.9 Oo\-f(..g 0.0238
117 1,79 1970 12,0

&)
.
no

8.3 6.5 0.0235 0.0184

113 1.77 1110 13.5 11,9 10.2 8.6 0,0255 0,0249

116 2,56 1520 20,0 17.0 14,0 11,1 0.0193 0.0153
Inches of CCly

114 3,21 2020 6.94 5,88 4,86 3,69 ©,0194 0,0147

2. Turbulent fluid flow in the straight test section
using three tees at the downstream end to account for the
loss due to the tees,

L = 20 £t 6% ins

17



For runs 155-163: T = 13.5 °C; &/ = 1.18 cp

Run W

155 B. ¥
156 5.62
157 7.0

160 13.0
161 15.08
162  22.8
163 28,8
158 34.9
159 41,0

3. Turbulent fluid flow
using three tees at the downstiream

loss due to the tecs,

with a

L =20 ft 6} ins

For
For
Run W
150 5,11

151 5,62

152 7.0

Re

3300

3630
4520

8400
10200
14700
18000
22600

26500

mans
runs

Re

145-148: T =

150-154: T

Hz Hp Hi Hp fa

Inches of CCli
18.4 14,6 11,8 8.4 0.0187
23.5 18.7 14,6 10.1 0.0186
33,9 2.0 21.5 15,2 0.0188

Inches of Mercury
5.256 4,21 3.15 2,10 0,0162
7.39 5,85 4,66 3.3 0.,0162
14,7 11,6 8.8 5.8 0.0147
23.3 18.3 14.2 9.7 0.0148
32.7 25.6 19,9 13.5 0,0142
4.6 26,3 18,0 0,0136

in

o

half inch overlap into a seventh.

D= 14.1 ins

13,0 °g; U = 1,20 ep

13,6 °C; / = 1,18 ¢ep

Hz  Hp  Hy Ho )
Inches of CCly

17.2 14,9 12,1 9.5 0.0191

22.6 18.8 14,7 10,6 0,0171

31.T 26.6

20.9 15.4 0,0178
18

001355
0,012¢

0,0133

©.01C8

0.0115

D

C.C096

-

6

0.C101
0.00961

0.00929

helical test section
end to account for the

There were zsix turns in the helix

0.0150
0,0123

C.0131



Run W Re Hy Ho Hy Hg f fé
Inches of Mercury

145 13,2 8310 4.84 3,95 2.98 £.04 0©.0148 o0.0101

146 15.4 9700 6,76 5.25 3.94 2.52 0,0143 0.00915

147 22.2 14000 13.4 10.3 7.8 5.0 0.0136 0,00872

148 28,0 17600 20,7 16.1 12,2 8.0 0.0134 0,00380

153 34,9 22600 31,7 24.3 18,2 11,4 0,0130 0,00811

8
154 41.0 26500 32,1 24,2 16.3 0©0,0125 0,00840

4, The pressure loss for the turbulent fluid flow in a
shorter stralght test section was measured for the sanme
Reynolds Numbers as the flow in the longer sectlion. The
values were plotted as a function of the length; the
straight line connectling the points was extrapolated to
zero length to determine the loss from the tees, This
sukbsection presents the vzlues of the friction factors

calculated using this method.

03

The value of Hg 1s the corrected manometer
disnlacement for the longer test section, The shorter test
section was 12 ft 1% ins long.

For runs 155-160: T

1%:5 205 ('= 118 ep
For runs 164-166: T = 13,8 °C; 1J = 1,18 ¢p

For rung 167-175: T.= 4.0 °0; 4 = 1.17 ¢p

19



For L = 20 ft 6% ins For L = 12 ft 1% ins

Run W Re Hy Run W Re Hq Ho o
Ins Ins Ins
of of ot
CCly CCly CCly

155 5.11 3300 11,7 167 5.06 3300 7.12 11,1 0.0176

7

5%, 40 4520 21.4 169 6.94 4520 12.7 21.0 0.0177

Ins Ins Ins

of of of

Hg Hg He
160 13,0 8400 3,15 170 12,9 8400 2,10 2.58 0©.0133
1€4 15,1 9750 4.25 171 15,0 9780 2.74 3.71 0.0141
165 21,8 14100 8,50 172 21.6 14100 5.3 T-TT 0,0142
166 27.5° 17800 12,8 173 27.3 17800 7.9 12,3 0.0141
158 34,9 2260C 19.9 174 34,6 22600 12.5 18.1 0.0128
150 41,0 26500 26.3 175 40.6 26400 16.5 24.0 0.0124

20



VII., APPENDIX (Cont.)

C. SAMPLE CALCULATIONS AND ERROR AVALYSIS

Since no results were cbtained, only a discussion of
the sources of error will be presented.
1. Sample Calculations

2., Calculation of the Reynolds Number

Re:%ﬂL
mMa

For run 117

Diameter of tubing éd = 0,4S7 ins

Tenverature of fluid T = 10,5 ©¢

Mase flow rate w = 1.79 l@m
min

Viscosity of fluid A= 1.28 cp

- (#)(1.79)(12)

(3.142)(0.497)(1.28)(0.000672)(60)
Re = 1070

b. Caleculation of the friction factor

1 & n— 32 LLw

yZ 9ohanometer fluid P ) o ECTTE 3502

For run 117

Diameter of tubing d = 0.497 ins
Acceleration of gravity g o= 3P0 _223
sec*c
Conversion constant ge = 32,2 Lt lbp
sec~ 1lbfl
Manometer displacement H & 6.5 ing of
toluene



Length of hose L= 20,6 7t

Mass flow rate w = 1.79 %%ﬁ

Density of water L = 62.4 ]fﬂ‘hg

Density of manometer fluid fjtol = 54,0 %f%

r = (62,4 - 54.01(32.2)(6.5)(3.142)3(0.497%5(6¢.4)(3600)

(12)(32)(20.6)(12)5(1,79)°

‘_’)
I

C.0184
2. Sources of error

The key scurce of error in the projlect arose from
the use of tees to measure the pressure loss in the test

=
]

section., An unaccountable frictlonegl loss was 1nduced into

o).

the flow of the fluld through the section.

Error was introduced Into the measurements becezuse of
the necessity for this investigator to average the
fluctuations in the flcw of the water throuzh the system,

The hose was slightly oval in cross-sectlion.- the
value of 0,487 ins for the dlameter is the average diameter
of the tubing. The hose in the project was plisble enocugh to
retaln the same crecss-sectionzl area when wrapped into a
hellx of & moderate sized diameter. But if the tubing had

been wrapped abcut g smaller drum, the hydraulic radius

would have had to been accounted for.
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VII. APFZNDIX (Cont.)

D. NOMENCLATURE

The ratio of %ﬂ for streamline fluid flow Dilmensionless
The ratlo of %E for turbulent fluid flow Dimensionless
Inner diametersof the tubling ins
Mean diameter of the hellx ins

Fanning friction factor - f, is the
friction factor of curved plpe and fg4,
the friction factor cof straight plpe;
the superscript (') denotes a value
corrected for the loss due to the tees

Dimensionlecs

L

Re

RRREE

Fluid friction loss i%ELE§
m
Accelerastion of gravity 32,2 It
sece
Conversion constant x>, o lbo —iﬁg
1bf sec

Manometer fluld displacement - the ins
sutseripts 0, 1, ete. indicate the
menometer dlsplacement for no tees,
one tee, etec,
Length of tubing ft
Pressure drop in test section }h;

nb’.
Reynolds Number Dimenslonless
Veloclty of fluid i?—

mlg
Specific volume of fluid &L

1bm
Mass flow rate Lbm

min
Vertlecel displacement of the fluld ft
Viscosity of fluid centlipolces
Density of fluid 1bm

£t
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