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For several years it has been the desire of the personnel of the Virginia
Polytechnic Institute Mechanical Engineering Department to include among
its hydraulic experiments an apparatus to determine the Reynolds' number of
various ligquide under varying conditions, It was generslly believed that
such an apparatus would greatly enhance the Hydraulies Laboratory by provide
ing the s tudents with & deeper understanding of the flow scharacteristics of
liquids,

Before embarking upen thedssign of the apparatus it is necessary to ine
vestigate the behavior of liguide flowing through pipes, Flow through enw
closed channels may follow either the pattern of laminar flow if the velocity
is low or turbulent flow if the velocity is high, Laminar flow may be best
visualized by thinking of the liquid as being made up of many concentric oy~
linders sliding each within the other, The outermost layer tends to adhere
to the plipe walls and for purely theoretical purposes may be considersd sta-
tionary, The innermost cylinder, however, moves &t a maxbmum velocity and
all intervening layers at a velocity proportional to thedr distance from the
center cylinder, In the case of turbulent flow the oraerly formatiun is
broken, and many eddies are present in the pipe.

A very graphic pieture of the phencmena of lamimar amd turbulent {low
was presented in 1883 by Professor Ushorme Reynolds in his classic experiment.
Professor Reynolde injected a small stream of colored liquid axially inte a
glass tube through which water wes flowing, and noticed that at low velocities
the colored liquid was visible as a line, while at high velocitles the parti-
MatmeMMWMmm&mnthmmmw
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mixed with the water. He also noticed that at & certain welocity the thread
of colored liguid suddenly broke, thus showing an abrupt change from laminar
to turbulent flow, This he termed the critical veloeity, Further experi-
mentation, however, showed that the real eriterion of the eritical point was
a function not of the velecity aleme, but more correctly a function of the
ratio of the inertia forces and friction forees acting upon the liguid,

The ratio may be stated mathematieally in the following manner:

A proportion representing the inertia forees may be obtained from Newton's
second law,

FskiA
By making the constant (k) equal upity the equation becomes
"!‘ W R A eR e R e e (1)

vhere F z force in lbs,
K 2 mags in sluge
4 » secceleration in ft. per sec. per see,

The equation may also be expressed as

- MY=¥) cecemnnnns (2)

where ;;ﬁrlwhu é&?kmrum
: tial . pOr 560,
ggﬁuin

|

If Vy 20, then

I A ponnnes eon (H)

Howewver, M may be expressed as the volume of a substance times its densi-
ty., Therefore, i z ¢ 17 where L g any linear dimension in f%, and p =
the density in siugs per cuble foot.

neretern, 7 3. il sode s s | 09
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where Vg = average velocity in pipe,
Iu the case of a liquid standing in a pipe the volume of the liguid
is equal to the cross-sectional area of the pipe timeas the length of the

pipe.
Vol ® _I?_L__-.......... (5

In the above expression it is seen that two of the linear dimensions
involved in deterauining volume enter the expression as the diameter of the
pipe (D) while the other is the length of the pipe (L).

Since the teras T snd 4 are constants they may be dropped and the ex-
pression becouess
M.MD‘L I (6)

and by substitution in eguation(i)

¥ oc g#ih e rE E R (7)

By letting V <~ 4t can be said that
Poc @D 7  ceenccccna (®)
An expression for the viscous forces involved may be derived from the
basic laws of fluld friction,
Referring to Fig. 1, the force (F) reguired to move one flat plate sepa=
rated from another by & layer of a fluld may be expressed by the equation

A = area of surfuce of plate in contagt
ﬂ“ﬁmu.ﬂj“v
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V & welocity of plate of area (A) in ft,
per sec,

_e( s sbsolute viscosity of fluld in lbese,
per &g, .

n = thickness of fluld layer in ft,

The flat plates mentloned in the aove analysis may also be considered
as & given layer of the fluld under investigation,

In the case of a fluld flowlng through a pipe of circular cross-section
(A) becomes the area of a cylindrical surface concentric to the pipe wall
(Fig. 2) and (h) becomes the distance from the pipe wall to the surfaece (4),
The force (F) is the force required teo move the cylindrical surface through
the fluid in the pipe, The raodius of the surface (4) is (y) and the length
may be called (L), Therefore, it is possible to express the area (A) as

i g 2051 we smewame (10)
and substituting into equation (9) the expression becomes

The velocity (V) of the surface in question may be represented by the
vector a b (Pig, 3) and the veloeity (Vm) of the fluld at the center of the
pipe may be represented by the vector x y. The velocity (V) may be expressed
in terms of (Vm) by the following proportiont

-4 N B T T S — 12)
tep =

where R g the radius of the pipe

P A N
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Substituting in equation (11) we have
P2 Zxmedd inxh

| x

R

Referring to Figs 4, dif is the total force acting on a cross-sectional

differential strip (dy) (perpendicular to axis of pips) of the fluld in the pipe,
‘w*,# no.ouauu-nn*wu&(u)

ﬂ'/’v qooanucnquav&-bpdm)
Inserting equation (14) for F, equation (16) becomes

u-fa;;%u. T T — )

VR Azgdim /: nrdv

s 2zl "Fjo
Substituting the Limits of & and sero,

g

Sinee the dismeter of the pipe (D) *

VE meclial

The term (L) may be considered cemstant for all welocities, diameters, and
viscosities, mwtm«mhmm‘gwhmw.
Singe the velocity determined by msasuwring the discharge will be the average
wvelocity and 1s egual to one half the maximam veloeity the expression becomes

W o< e Tgb

where Vg = average velocity in pipe,
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The retlo of the inertia forces to viscous forces (Ry) is

%*+
By = QB2 W2

M—" 4]
Since the idnematic viscosity (V) of the fiudd is equal te «/p
By 2 B Va.
. 2

where D g dlameter of pipe in f%.
Va & average veloclty in . per sec.
V= kinematic viscosity in £t2 per sec,

The change from lamivnar to turbulent flow of a liguid in s pipe or
tube is accompanied by a change in the force required to overcome frictionsl
resistance of the pipe. If the pressure drop in a given length of horizental
pipe is measured at variocus veloeitles, it will be found that while laminar
swmu,lmmm.mrmwuwhpmuem
velocity and viscosity, When the eritical Reynolds' number is reacihed, and
flow becomes turbulent, the pressure differential incresses abruptly and
varies roughly as the square of the veloelty, while being almost independent
"~ of the viscosity,

In the design of an apparatus to demonstrate flow charscteristics of
liquids the above memtioned variation in pressure differential is a very
handy device for determining tie eritical Reynolds' number in that & sudden
jump in the pressure difference will indicate the change from laminar to
turbulent flow, The actual Zeynclds' nuuber may then be ealeculated by dew
termining the velocity and kinematic viseosity of the liguid and substituting
them along with the pipe dlasster in the expression Rne 2LY$ It can thus
be seen from the Reynolds' nuuber equation that the essential festures of
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the apparatus are several test lines, gauges a specified distance apart
with which to measure the pressure differentisl, thermometers to determine
the temperature of the liguid being tested, and a means of weighing the
discharge so that Mty of flow may be caleulated,
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I1, SCOPE AND PURPOSE

The original intention regerding the Reynolds' Number Apparatus was
to design, construet, and operate extensively the experimental machinery.
The extensive operation of the apparstus, however, would entail not only
the investigation of the effects of varicus conditions on the Reymolds!
number of liquids, but alseo the effects of laminar and twrbulent flow on
the heat transferred from the liguid to the pipe walls, It would also be
possible to use the apparatus to determine friction factors,of varicus
diaseter pipes, Any one of the above subjects contains enough material
for a thesis, It was therefore decided to linit the scope of this investie
gation to the design, construction, and calibration of the apparatus, In
view of the extresely slow delivery of equipment and the wany delays en-
countered during the construction, this was indeed a wise decision,

It may therefore be stated that the purpose of this report is to pre-
sent to the reader lhe Reynolds' Nuwsber Apparatus and to acquaint him with
its design, construction, calibration, and experimental possibilities.
nummxywmmuummwuummyumm
required to determine the Reynolds' number of a given oil at one temperature,
it is the author's belief that thie report will serve as an adequate guide
to the construction of similar apparatuses and will stimulate others to a
more extensive inveatigation of ihe experimental possibilities,
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The need for the inclusion of the Reynolds' Fumbsr Apparvatus ameng the
1940 vy Prof. J. B, Junes, Head of the Virginis Pelytechnic Institute Depe
artaent of Mechanical Engineering, At the suggestion of Prof, Jones, Mr, &,
this work sside as more pressing dutiss aross,

Barly in 1947 the author became interested in the Reynolds! Nusber Appe
aratus and & search for information concerning such sn apparatus was instig-
ated and carried out, Many textbooks and periodicals were consulted but no
matorial of direct bearing wes discovered, However, especially intevesting
aecounts of Pref, Reymolds'! sarly experiments and othor remotely related
matarial wore found in the eurly 20th century editiene of the English engine
eoring periodical "Engineering®, 4 complete list of literature examined is
included in soction two of the Didbliography,

Through the sequaintance of Frof, Jenes with Prof, A, B, Bock of the
United States Naval Acadeny it was learned that Pref. Bock had constructed an
apparatus to determine Reynolds' number at the Naval Academy im 1946, This
apparatus was different from any which could be conatructed at the Virginia
Polytechnic Institute in that Pref, Boek had ample room to run his test

Inquiries diregted at a large number of other colleges and universitiss
also brought negative answers in every case and led to the conclusion that
there has been no material published which deals specifically with o device
similar to the Reynolds' Number Apparatus,
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IV, DESIGE AND BILL OF MATERIALS

JESLEN RAqUirempny.

Gensrally speaking, the requirements of the Reynolds' Number Apparatus
were such equipment as would be necessary to control and measure each of the
variasbles in the expression R = _%\_’,_. This equipment was divided into
the following four headings for the purpese of classifications

1, Pumping and Storsge Equipment.,

24

Pumping equipment needed for the apparatus was a puap
of sufficient capacity to deliver a large enough guantity
of oil to insure velocities reaching into the eritical range.
Te obtain a wide variation of velocities it was desirable to
drive the pump by neans of a direct current motor., Since exact
alignment of pump and motor would be a Jaborious undertaking,
it was decided to use a flexible coupling between the two units,

Storage of the oll being tested required two large tanks,
Covers for the tanks were desirable in order to prevent foreign
matter from contaminating the oil,

Cil Temperature Control iquipment,

Singe both stesm and water lines were readily available, a
teouperature control coil in one of the tanke could be constructed,
Juch an arrangement was an ideal asans of varying the viscosity
of the oil being tested, and would save considerable time thet
would otherwise be spent emptying the system and refilling it
with oils of different viscosities,
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Piping Layout,

The piping layout was limited by the amowsdt of space availe
able in the Hydraulics Laboratory which could be assigned to the
apparatus, The floor ares allotted was approxiustely 45 by 10
feet with an overhead clearance of seven feet - one lnch, Test
lines 30 feet in length between pressure geuges could sasily fit
into this space with ample length beyond the gauges in which dis-
turbanges set up by fittdngs would be damped out, Test line sises
decided upon were steel lines of one inch diameter, 3/4 inch diam-
ster, 1/2 inch diameter and 3/8 inch diameter, and one copper
line of 3/4 inch diameter,

Heasuring Equipment,

To determine the veloelty of the oil flowling through the
test lines it was necessary to include in the design provisiens for
the discharge tank to rest wpon a set of scales, The only other
instrusents to be & part of the apparatus were pressure gauges
at both ends of the 30 foot test plpes and thermometers in each
header, Knowlng the temperature, the d stermination of the vis-
cosity, either empe rimentally or from published data, would be
an easy matter,
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Dasign Detai)
1, Pusping and Storage Zquipment.
The deternination of the correct size and type of punp was
based on the properties of 5,4.,2, 20 at a temperature of 130 deg, F
and the discharge necessary to produce flow of a eritical velocity
in the one inch test line,

Ay Puap Discharge Calculations:
Viscouity of S.A.5, 20 at 130 degs F is 185 5,U,8,
Kinematic viscosity is 4O centistokes or .4 stokes,
Approximate Reynolds' number for eritical velocity m

R = _%
where R ¢ Reynolds' number

D » Ainternal diameter of pipe in feet,

¥V = velocity in feet per second,

~z Kkinematic viscosity insq. fi. per.

ssc,

Since 0.4 stokes = Q.4 8q. cm per sec,, the viscosity in sq, f%.
per sec. m Ok - (2454)% = ke
The internal diameter of a one inch standard pipe = 1,049 inches,
The eritical velocity say be found by solving for V in the Reynolds!
number equation,

V=« A=

D

= 12,32 f%. per sec,
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Quantity of flow may be found from the expression
Qs AV
where Q= Mitydﬂuhﬁ.mmm.

V gz wvelocity in %, per sec.

A 2 ecross-sectional area of pipe in sq. ft,
8ince one cu, ft. z 7.48 gallons it is possible to determine
flow in gallons per minute by multiplying the right eide of
the eguation (Q m AV) by 7.48 x 60, Therefore, the equatien

becomes

Qe z@_..

R = 32.2 gal, per min,
Pump should be rated at 40 gal, per min,

B, Pump Pressure Caleulations:
Estimation of pipe lengths, fittings, and static head.
Static head » 10 feet
Straight pipe = 50 feet
i Globe valves = (4 x 29.4) feet of straight pipe,(3)
Three 90 degres elbows z (3 X 2.6) feet of straignt pipe.(3)
i Teos = (4 x 1.8) fest of straight pipe,(3)
Bquivalent pipe length = 50 ++ (4 x 29.4) +(3 x 2.6) + (4 x 1.8)
= 182,5 feet

(3)see nibliography.
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Velocity of 4O gal, per min, through a one inch pipe =
U9 £t per sec. '
mlmtmﬂ?&(”

hg = 'F _t;_ = L =Y

2 341 feet of oil
where hy ® head due to pipe friction in feet
f® friction factor
LT length of pipe in feet
DS internal diameter of pipe in feet
V= welocity of flow in ft, per sec.
& ® aceeleration due to gravity in ft, per see. per sec,

R

where hy = veloeity head in feet of water,
V® weloelty of flow in ft. per sec.
g ® accelerstion due to gravity in fi. per sec,
per sec,
Total head = 10+ 341 +3.45 * 354,45 feet
Specific gravity of S,A.E. 20 at 130 deg. F = 0,9(1)
Total head = 0.9 x 354.45 = 320 fest of water
2069 x 35keh5 x 0433 = 138,6 lbs, per sq, in,
Since the fluid is viscous the pump should be of the rotary type and
should deliver 40 gal. per min, at 138.6 lbs, per sg. ine
- (1)(3)5ee Bibliography.
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Punp chosen was a Worthington 1} G.R. Iren Internal Herringbone
Gear Rotary Pump,
Speed: Up to 1160 R.P.N,
Capacitys 39 gal. per min,
Haxioum Pressure: 200 lbs, per sq. in,
Maximun liquid tesperatures 350 deg. ¥

C, FPump and Motor Horsspower Calculatlionss
Pump Horsepowsr = W

where Q = diseharge in gal. per min,
h = head in feet of oil

8 = specific gravity of oil

Assuming pump efficiency g 0.80

Shaft Horsepowsr of motor = .%*- 3,93

L

In view of the fact thet moter deliveries were extremely slow during
the post war perioed, it was decided to use a motor available

in the Hechanieal Laboratory. The wnit chosen was a Westings

house Direet Current Compound Motor equipped with starting bax

and field rhecstat for speed comtrol,
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Hotor,
Horsepower: 5.5
Volts: 230
Amperes: 23
Speed: 600 to 1800 rpu,
Westinghouse Jtarting iheostat,
Styles 824958
Class: 7010
Westinghouse Field Rheostat.
Styles 1305695
Type: 2

D. Sterage Tank Caleulationss
Basing capacity on maxbounm pump discharge over five sinute
period,
Capacity = 39 gal. per nin. x 5 ain, g 195 gal,
To aveld £illing tank to capacity and to allow longer
runs if desired, the capacity was inecressed to 400 gallons.
LOO - 748 = 5345 eu, ft.

whers ¥V 2 wvolume in cu. ft.

D g diaseter in ft.

h 2z height of tank in %,
Umiting b te & £t
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B‘kuo’ k'hm

V= I?——i.&bx -F—- x b = 50.25 eu. ft.
V = 50.25 x 7.48 & 376 gal,

For internal accessibility and simplified installa~
tion the tanks should be of the open ¢ylindrical
type and should have a 1} inch nipple placed in
the tank wall near the bottom, Furthermore, the
design of ons of the tanks must include brabkets
to hold the heating coil and an opening in the wall
through whick the discharge end of the coll could

be run..

o attempt was made to locate holes in the covers
for the various pipes and lines se such he
be cut after delivery and there was the possibility
of design revisions between fabrication and final
installatioen,
iron, Construction was to be entirely welded,

The drawings on pages 18 and 19 show complete
tank details,
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2, 011 Temperature Control Equipment.,

Steam was avallable from the high presswre mains in the Mechanical
laboratory at & pressure of 175 pounds per square ineh and a temperature
of 370° P, Caleulations for the coll were based on the assumption that
the average amount of oll in the tank during imitial heating would be

Quantity of eil to be heated = 300 gal,

Stean temperature ® 370° ¢

Average speeific heat of oll # 0,5 Btu, per 1b,, per °pl?)
Average specific gravity of oil = 0,9

041 to be heated from 60° F to 140° F in perdod of 10 minutes
Thernmal conductivity of copper ¥ 220 Btu, per 8q. ft. per
hr.w'l.m

300 gal, per 10 mimutes ® 1800 gal, per hour,

| lba, of oil per gal, ® lbs, of water per gal, x specific
gravity of oll.
2834 x0.9= 75

Temperature change of ol % M0 ~ 60 = 80° ¥
Btu, per lb, to heat oil ® tempersture change X specific
heat of oil
= 80 x 0.5 ® 40 Btu per 1b,

Btu, required to heat 1800 gal, per hr, = 1800 x 7.5 x L0 A

= 540,000 Btu per b,
Hean temporature difference between oll and stean =
370 ~ 100 = 270° ¥

(1), (2) See Bibliography.
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Lot heat transferred by coll under these conditions = Q
Q = Thermal conductivity of copper x mean temp, «liff,
Q= 220 x 270 = 59400 Btu per sq. ft. per hr,

N%ummm

Surface area per ft. ofmno..%_. x1

e 1 bl

= 0,1635 sqe ft. por ft,

Haking coil diameter 2 ft., the length of ene turn
s xD#® Jt&ﬁiu,'?oﬁsna

Wesber of turns & 2388 =5,

If coil piteh is J inches the entire coll will be sube

necessary to include in the design & nesdle globe valve on
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needle globe valve the discharge from the coll was to enter a
4" Armatrong Inverted Bucket Steam Trap,

An agitator to eirculate the oll around the coll during
the heating process was a desirable feature of the temperature
sontrol system, Such an arrangement would aid greatly in obe
taining an even temperature throughout entire quantity of oil,
was a Type D, Pneusdx Alr-Driven Agitater, Colloid Equipment
Company, New York, This unit has a geared drive which makes
it especially sultable for viscous materials,
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3+ Piping layout,

The piping layout of the apparatus was divided into two systems, The
group of lines through which oll was te flow was called the oll cycle,
while all temperature cemtrol piping wes labeled the control cyele.

The drawing on page 26 shows all details of both systems,

The main header in the oil cycle was to be a ssven foot length of
standard six inch steel pipe with eircular dises welded or brused in
the ends. The fittings specified for the header and the test lines
proper wers threadolets, Such specifications meds construction of the
header pessible in the shop of the Mechanical Laboratory and decreased
the possibility of turbulance caused by fittings to exist in the test
lines, The discharge header was to consist of a 1} inch pipe with the
ends plugged and threadolets to receive the test lines,

Return of the oil to the head end tank from the welghing tank was
to be effected by closing the valves marked "Y" en the drawing on page 26
mmmmmmm.smmmmmmw
ing tank on the suction sigle of the pump and the heating tank on the
diseharge side,
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4e Heasuring Lquipment,
Measwring equipment for the Reynolds Humber Apparatua wes divided
measuring equipment, and temperature measuring equipment,

A, Flow lisesuring Bquipment:

In the Mechanleal laboratery were several seta of large
platform scales, It was decided to use one of these scales for
measuring, quantity of flow as it was believed that this method
would prove more dependuble over a long perioed of time than
would & flow meter.

From the quantity of flow it is possible to determine
velocity of the liquid by dividing the flow by the eross sect-
ional ares of the pipe through which the liquid is passing,

Bs FPressure lisasuring Equipment:

The difficulty of erecting a manometer to measure a pressure
differential between points 30 feet apsrt made it necessary to
solect pressure gauges as the instruments with which to messure
the pressure drop through the test lines, Since the pump was
rated at 200 lbs, per sq. in, the gauges were chosen with the
scale ranges of zerc to 300 lbs, per sg. in,

C. Temperature leasuring Bquipment:
In order to determine the viscosity of the oil in the test
measurement, Since thermometer wells at any point aleng the test
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lines would disturb the flow of the ligquid it was decided to msasure
the temperature in the headers, The thermometers chosen were of the
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Bi11 of Materials
The Bill of Haterials for the Reynolds' Number Apparatus was divided
into the classifications of (1) 0Ll Piping System, (2) Temperature Contrel
System, and (3) Miscellaneous Hquipment,

(1) 041 Piping System

z
E

Deseription
6" 8td, Steel Pipe
14" 5td, Steel Pipe
13* Std, Steel Tee
1}" std. Steel 90 dege lbow
13" Std, Steel Cross
13" Globe Valve
14" std, Steel Unionm
1} 5td, Steel Plug (squars)
14" Std, Steel Coupling
1# Std, Steel Pipe
1" Std, Steel Unien
1" Globe Valve
1" 5td, Steel Coupling
3/k" 5td, Steel Pipe
3/6" Std, Steel Unlen
3/k" 3td, Steel Coupling
3/4* Globe Valve
3/4» sesmless Copper Pipe
" 5td. Steel Pipe

8 «
2 3

?

& L FEE EFBE © 06 @« o0 0 v o m
&

¥ B X
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Number Quantity
20 2
2 i
2 W0 £
23 2
2 i
25 28 ft.
26 i
27 8
28 4
29 2
30 10
b} § 1
32 1
33 2
34 1
35 i
36 2
37 2
38 i
39 2
W0 1
L1 1

(2) Tempersture Control System

4" 5td, Steel Unions
i Globe Valve

3/8" 5td, Steel Union
3/8 Globe Valve

4" 5td, Steel Pipe

i 5td, Steel Union
i 5td. Steel 90 deg. Elvow
4" 5td. Steel Tee

4" 5td, Steel Cross
4" Globe Valve

éx3/4 Bonney Thredolet
éx} Bonney Thredolet

Description
#* 3td, Steel Pipe
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o asss:csai

2 ft.

Humber Quantity
52 2
53 2
54 2
55 1

4" Std, Steel 90 deg. Elbow

4" Copper Tubing

4" Bronze Needle Globe Valve

" 3vd, Steel Unien

3" Pipe Insulation

" 5%, Steel Tee

4" Globe Valve

3" Armstrong Inverted Bucket

14" ID, LT RW=9l Bronse Flex-
coupling braged on each
Corp., Maywoed, Ill,

Open Cylindrical Temk, Consult |
drawings for details. |
P S B e
to 300 lbs. per sq. in,
Thermoneters, Glass tube
ascury type. Range of zero to
200 deg, .
Platforn Scales, Platforn
dimenaions 4 i, x & ft.
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Worthington 1} G.R. Iron
flotary Pump.
Speed: Up to 1160 rpm,
Capacitys 39 gal. per minm,
Maxdmoum Pressure: 200 1lb, per
8q. in,
Haxioum lLiquid Temperature:
350 deg. P,
Westinghouse Type SK Direct
wm-
Horsepower: 5.5

Veolte: 230 '
Amperes: 23

Speed: 600 to 1800 rpm, ,
Style: 824958 ‘
Class: 7010

Style: 1305695

Typer 20

Faeumdx Alr Driven Agitatory
Type D, Colloid Iquipment
Company, New York.
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Ve CONBTRUCTION

In censtructing the Reymolds Number Apparatus it was found to be quite
impractical to attempt Lo follow exactly the dimensions on the drawings,
Small deviations in nipple and pipe lengths, while in no way changing the
general scheme of the lay out, often saved considerable time by allowing the
use of standard nipples and pipe lengths on hand rather than requiring the
cutting of special and exset lengths, The drawings were strictly adhered to,
however, in installing the test lines,

Construction was begun by placing the head end storage tank in position,
The elevation of the tank above the floor was determined by the slevation of
the pump inlet which in turn was determined by the height of the moter shaft,
To obtain the proper tank elevation a small frame was made of standard 2 inch
chamnel iren, |

The pump was supported by a frame similar to that upon which the tank
was placed. This freme was of the proper height to allow the pump shaft and
motor shaft to be coupled when the motor was bolted directly to the floor,
‘mmmuMmmmumMuwmm
secured by § inch bolts grouted in the holes by lead plugs,

The 1} inch pipe from the tank to the pump and the fittings immediately
punp outlet to the tee near the tank oublet was not imstalled as it would
interfers with placing the motor,

Holes were drilled to receive the motor, and the & inch bolts grouted
into place, The motor was then lowered onto the bolts and the shaft aligned
ﬂMWMM¢WMmWMMMM¢W
alignment,




e

The eopper hesbling codl wee formed and put in the tank, It wss secured
by pipe hangers bolted to extensions of the Lrackels which were welded to
the bottoa of the tank, The dischorge end of the coll wes connected to the §
inch nipple in the tank wall, and the welves and steam trap placed on the
cutlet side of the nipple as shown on the drawing on page 26,

The two inch water line and the high pressure steam line were tapped
and the comson water and steam line run to the inlet of the heating coll,
beams to within a few inchee of the level at which the test lines would rua,
ukmmmmmmumameam
bolts holding them to the fremes, Such an arrangement provided a means of
aceurately leveling the test lines,

The large header was fabricated from a seven foot section of six inch
pipe by brazing the ends and threadolets in position, After completion the
header was tested for lesks by filling it with air ot 175 lba. per sq. in.
and applying a sonp sclution to all brazed joints, The header was them hung
from the overhead frames and the 1} inch line from the pump outlet was conne
ected to the inlet fitting,

A% this point in the construction the starting box for the motor arrived,
at no loasd, After the motor tests were complete the bypass line from the pump
discharge to tank cubtlet was installed, and the shaftsof the mobor and pusp
were comnected by means of a flexible eoupling,

The test lines were assembled and the threadolets to receive the pressure
gauge lines were brased in place. In jodnming the two ssctions that made up
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each test line speclal care wes tsaken to see that the pipe ends met emd £it
tightly togsther inside the coupling., This method of sssembly would reduce
the turbulence set wp st the coupling to & minloum, The lines were tested
for leaks and then hung from the leops provided for them,

The discharge header was uade from two secticns of 1} ineh pipe jodned
together by a tee, The outlet of the Lee was to regeive the Line running down to
the weighing tank, The ends of the header were plugged, and the thresadolets
braged in place, The brazed joints were tested for lsaks and the header comme
ected to the test lines.

The welghing tank was placed upon the seales and the line from the dise
mmmmmmmumuuam

The return line from the welghing tank to the suctlon slds of the pump
was next installed, This line was supported by resting it upon the frames which
had been previously hung from the overhead besms, It was impessible to support
the line in thie mamner for its entire langth, however, dus to interference
of & large steam line, it the point of interference the veburn line was
brought to the level of ite connection with the weighdng tank and continued
at that level to the connection, is the podnt of interference of the sbeam
line and the return line was near the weighing tank, it did not cbstruct

The final steps in the eonstrusting of the Reynolds Nurber Apparatus come
sisted of bolting the agitater to the cover of the hestlng tank, placing the
cgver on the tank, and eonnecting the stean and water line to the teuperature
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VI CALIBRATION

matter as the group of instruments involved included enly the platform scales,
pressure gauges, and thermoseters.

The calibration of the scales was cheoked by adding known welghts in
the welghtes on the platform, The seale resding was found to be slightly low,
of the welght banger, thus maiing it possible to use direct scale readings

The preasure gauges were tested an & Shaeffer and DPudenberg Deadeieight
Presgure Gauge Tester, Both gauges were foumd o be ascurate Lo within one

The thormemetars were checied ly coparison with other themousters at
 wmmll, end 4t was dealded to use the thermoucter readings without correction.

The ans inch 1ine and the § dneh line vere chosen as tho 1inee wpen wideh
prelininary tests would be run, for it was rossenable to asswwe that the obher
lines would present mo difficulties 1f the eritdeal point ecould Le reached in

The teuperature of the S, As B 20 Lubricating 04l in the heating tenk
gauge began to vibrate violently, The discharge was messured at this podnt,
and the veloeity of the oll was eslowlated from the discherges This veloelty
wae found to be 12,1 ft. per seg, & Saybolt Universsl Viscosity of 217 8. Us 8,
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was detersined by means of a Tag Viscosimeter, The corresponding kinematic
viscosity was O,0004945 sq. ft. per sec. and the resulting Reynolds! number
was 2142,

The above procedure was repeated for the 3 ineh test line, The temperature,
however, was ralsed to 126%, This change in tempersture lowered the kinematie
viscosity 40 0,00043 sqe ft, per sece. The eritical velooity for the § ineh
pipe was 20,8 ft. per sec.. Thess test results gave a Reynolds' mumber of 2072,

Wm%mmwwmufmwhmwuw
of the apparatus, thoy did wery elsarly indisate the value of the apparatus as
an experimental deviee, ’

Ve mriTeT—
where Q ® dlscharge in 1bs, pur sece
S ® specific gravity
A = eross sectional ares of pipe in oq, ft.
¥V 2 velooity in £, per ses,
62.4 = 1ba, of wator per cu. fb,

Ll
where & ¥ Reynolds' nuaber,
D = diameter of pipe in ft,
VﬁMhnawm.
VT8 Knematie viscosity in sq. f. per sec,



-3 -
VIL. SUARY

The design of the Heynolds' Number Apparatus was coneerned chiefly with
the control and variation of the test line diasster, velocity of flow, and

' yiseosity of W6 liquid, Briefly, it nay bs eaid thet these Shree ains weve
achieved by providing several test lines of warious diaseters, a variable
speed pump driven by a direct cwrrent motor, and a teupersture contrel cedl,
Another important element of the design was the inclusion of pressure gauges
st both ends of the test lines so as Lo observe the transition from lasdnay
to turbulent flow,

Before any of the above factors could be cousidered, however, it was
necessary to make o survey of all possible locations in the laboratery where
the apparatus could be constructed, In the Virginia Polytechnic Institute
thus making it neecsssary to run the test lines hordzontally, Had it been
possible to erect the test lines in a vertical position several advantages
sould have been realised, Ameng these advanteges is the possibility of obe
liquid belng tested, This ls possible beeause puaping the liquid upward
theough & wortivel plpe will slways keep the pipe full while the flow is
laminap, In the case of horizontal test lines the veloeity required for
laminar flow 48 often so low that the pipe is only partly full unless the
Iquid is very viscous. The advantage of using water is greatly offset, howe
aver, by the small change in viscosity that aceompanies a temperature change.
 If it 1o deslred Lo show the effeet of viscosity on Reynolds' muber it is
neceseary to use oll or some other lguid with a wide viscesity range, The
other advantages of vertical test lines are the need for less flcor area and
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the use of gravity to return the liquid to the lower tank,

The construction of ihe loynolds' Huwsber Apparsius was unable to follow
& logieal plan or schedule due to the erratic and wndependable arrival of
materials, It is the opinion of the author that considerable time could be
saved by arranging the work in such & wamner as to allow greater concentratien
of 8ffort than was possible in the construction of the apparstus at Virginia
Pelybechnic Institute, One woaple of such a plan would be the scheduling of
to install esch part of the apparatus as it is fabricated,

The faet that it was possible to observe the offects of the wariables ine
volved in Reynolds' number and the transition from laninar te turbulent flow
establishes the heynolds' Waber Appsratus as & practical and useful plece
ments applicable 1o the design whleh wAll be brought forth in subsequent opers
avion of the devies, The suther feels, however, that the fundamental concepts
of the design are sownd, and that the apparatus will well serve the purpose
of demonstrsting to the student at Virginia Folytechnie Institubc the factors
conesrred in the determdnation of Reynolds' number,
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The lwmediste problem confronting the staff of the Mechanical Laboratory
is that of working vp in experimental form a series of tests on the Reynolds’
Humber Apparatus that will show the effects of various test line diameters,
velogities, and viscosities on Reynolds' musber, Since this is the express
parpose of the apparatus, no design modifications will be required. It is the
earnest hope of the author, however, that intersst will not stop here, and
that the subject of heat tranafer will be investigated, It is a lmown fact
that less heat 1s transferred when flow is laminar than when flow is turbulent,
This 1s becsuse the layer of liquid next te the pipe wall acts as an insulator,
The Reynelds' Number Apperstus, with the sddition of insulation on the test
lines and scourate temperature recording instrusents at several points along
the lines , appears to be an ideal deviee for demenstrating this phenemencn,

It is the author's belief that sometinme in the not teo distant future,
the rapid growth of the Mechanical Emgineering Department will require a new
and modern bullding, Sueh an event will provide an excellent epportunity for
furthur development of the Reynolds' Nwmber Apperatus, It is strongly recosme
ended that the possibility of using wertieal test lines be investigated. It
is also suggested that the use of glass or a clear plastic be considered as
the material for one of the test lines., This would greatly extend the flex
ib8lity of the spparstus by allowing the duplication of Pref, Reynolds' ex~
periment,

o



The author is indebted to issociste Prof, C, B. Tremt, Assistant Prof,
He 3, Hiles, and Instructor H, L, Vood for their help in the design and setw
ting up of the Reymolds Number Apparatusj to

for their aid in the fabrication and

actual construction work involved; and to Dr. W, L, Jandidge of the Virginia
Polytechnic Institute English Department for his vsluable suggestions re-
garding the presentstion of this thesis,

Especial gratitude is due Prof, J, Ds Jones for his advice and eneourage~
ment in conmection with the writing of this report and for his securing the



- L0 =
X BIBLICGRAPHY
1, ldterature Cited

(nm,ms.mmw.msmm.m
m:.mcww,_mmmumu.

(2) Perry, J. H, "Chemical Dnginesrs Handbook", p., 1351, MeGrawsiiill Book

(3) Shaw, G. V. and Loomis, A, W, "Coseren Hydraulic Data", p. 50, 95.
Ingerscl-iiand Company, Hew York, 1942, 1lth ed,



o L1 «
2. 3*%--:: LR

(1) Addison, Herbert, "A Treatise on Applied lydreulics®, p,2832, 61-71.
John Wiley and 3ons, New Tork, 1945, Ird ed.

(2) Binder, Raymend C, "Fluid Mechanics", p, 63«65, 69-79, Prentice-Hall
Inc,, New York., 1943, lst ed,

(3) Crewford, W, J. The Bolfhist Huniciple Technical Institute, Engineering.
92, 790, (2911).

(&) Daugherty, R L. "Hydraulies", p, 48, 107-108, 187-190. HeGraw-Hill
Book Company, New York, 1937, &4th ed,

(5) Dodge, Russell A, and Thompson, Milton J, "Fluid Mechanies". p. 161=176,

(6) 211is, D. S, "Elements of Hydraulle Engineering®, p. 83«87, D, Vanlostrand
Company, New Yorks, 1947. lst ed,

(7) Gibson, A, H, "Hydrsulies and ite Applications®, p, 49«72, 190199, Cone
stable and Company, londen, 1922, 2nd ed,

(8) Glasebwrook, R. T., Higgins, W, F, and Pannell, J. R, The Viscosity of ;
04l in its Relation to its Rate of Flow Through Pipes. Engineering.
200, 522-52h, (1915). , |

(9) Maw, W, H, and Neworth, Ba Alfred, Frictional Resistance of Flulds of



- LD -

(39} lkv, We He and M‘ Be Alfred, The late Osborne mm. WC
23, 9k, (1912),

(11) Russel, George E. "Hydraulies®, p. 811, 9196, Hemry Holt and Company,
Mew York, 1942, 5th ed,

(12) Schoder, Zymest W, and Dawson, Francis ¥, "Hydraulics®, p.230=260, HeGrawe
wmm’mrmc 1934, 2nd od,

(13) stanten, T, £, and Pannell, J. R Floid Priction in Pipes; vater, Alr,
Cil, ingineering. n' éa, (1915).



	img260
	img261
	img262
	img263
	img264
	img265
	img266
	img267
	img268
	img269
	img270
	img271
	img272
	img273
	img274
	img275
	img276
	img277
	img278
	img279
	img280
	img281
	img282
	img283
	img284
	img285
	img286
	img287
	img288
	img289
	img290
	img291
	img292
	img293
	img294
	img295
	img296
	img297
	img298
	img299
	img300
	img301
	img302
	img303
	img304
	img305
	img306

