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PREFACE

The material presented in this thesis describes one part of
i} mechanical engineering experimentution,namely experinentation
.} in the rield of "Fluid Wechanics and Hydgsulics ".

Since an engineer m.thout practical clglbiliw in spplicati-
-on can not be visualized,it then becomn & nmecessary task to de-
termine the kind and form of the eacpu'm%a‘ciun program to be

s given to an eng ineering student duﬂmfg ‘his yutra in undergraduta
+ education. A4 : R
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i The first basic outlines for conéﬁuéﬁhg"‘nn up~to date lLec-
hanical Engincering Laboretory at Robert College were given in
':the thesis written by Kelmet Yeyinmon e K, Mcduatﬁ-l%-‘l).

‘In this thesis the "Fluid bsechmzlcs and Iﬁdraulics " labora- Gy
| tary construction is considered in datail.'rho author hopes that @ |
ﬁuc work will be a suide to ﬁhoag who ‘actually 411 construct
_e ‘modern labornf.ory,and those who 1.«111 do further study in this

'
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2N TRODUCTION

is that branch of engineering sciences,which u
. econcerned with the behavior of fluids at rest and in motion.

Fluid mechanics

l“"ticles and solid Vle..tents In ss much as movin,'_, fluids possess and
| trensport mass,heat and momentum ybasic concepts and pmncipleadcm -
Jloped in fluid mechenics are also fundanentsl to engineering probi
in transfer and rate pr ocesses.Thermodynarics must also be consid
ed when the luid wuvolved ia rcuoih c:.z..przssiblt.u‘mn actrio e

:‘ti“ie mmvledbe,u'r*i“ical hydreulics and clasaieal md:t‘oﬂ’ ~»-u,
dreulics,as defined in dictioneries 1s“the mplication cfﬂh

‘ J‘hhe Greek orision of the word "Hydor® (Water) and "Aulos"(plpeﬁ'
‘ ;’grig,inally it referred to laws describing liquid woticn in pipes.
1 .Kuwevur the scope of hydrsulics is rmow consider ably wider,snd the

ManinL has beco 18 ao,”:} e laws overnlnt, llQle be hevior at reat andc
def}

nit" on of the word of 1113‘,0 cal 81\,1’111 icance only.

The mpin subject of eng ine;:r'ing; hydraulics is to establish the lsus B
Sot iguid equilibriun and liquid motion and to device methods Tfor sol=i,
¥ing the practicel problems cncountered in the various branches '@ of

Adodern hydraulice,being mainly concerned with the motion of water |
b based on the laws of physics,theoreticsl techanics and mathenatics.
-‘_18 an applied science consisting of an enormous quantity of practi-

expeg;iences which have been accurulated during meny centuries of
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1 The hydraulician relies heevily on field observations and laborstory.
v'% tests.The data thus @btsined are usuelly reduced to empirical foriulss
] for use in technical applicetions. s
: Hydrodynamics is essentially a mathematical science.The advent oft
% o mathematical hydro8ynarmica can be put at the end of the seventeenth
"f[{ gentury when mathematics had atteined a state of broad anpllcability
| in botn manipulative technique and graphical relation to physical T8
phenonena,and when mechanics had also provided the funmdamental laws
§ of momentum und energy.pathenetical physicist of the eighteenin end’
| pmineteenth centuries formulated the corrvect equations of motion forAg
wisc¢ious fluid.Unfortunately uathcuetical cocplexitics in solving
¥ these equations Torced them to adopt many si:vlificatlons,cuch as a
| Fluid without either fluid v130051ty or fluid compres*1311;tq.

:{tion,untll the eppesrance of lucvﬂg Prandtl (1875 - 19>3) yWho 38 2
jtoday hailed as the fouuder of ioderm fiuid wechanies.He recobnized
;thc‘sibu1riconce of explaining the behavior of fluid wotion in a phy

c‘used merely to vhrlry theories or to sunplement missinb 1nfb
én in the funﬁanental anpl; sis.Couplicated fluid flow nroblema L

qu fluid mechanics logﬁs to eguatlons which are too coplex tc be solv .
[ On the other hand experinentation without regerd to theory often lea&'}L 
to great quantities of date,without correlation or gencral usefullnesss
Laboratory work in engineering schools hes then the purposedal pro- 4
vidind the necessiry applicetions for the improvement of the iecnnical
‘and experimental knowledge of the student engineer.
. The construction of, a laboratory is not sn casy task,somdimes re-
iring many years,Therefore it is at least very useful to state the
ebdectjves and the aims expected from a laboratory course,so that the |
' tnnj‘construction can be accomplished mceordir ly. ﬁ‘ﬁ
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1) To . ive the student an oppurtunity to apply the theory thought
in the class room. ‘ o
2) To familiarize the student with the constriction and techaiqﬁi‘
_of using or operating instruments or machines.
; | %) To: teach the student & logical nethod of approech to experimen
. tal work. 15798
#) To ;ive the student en cxperience in obtaiming anid rccordin5 
Sdeta,making computations,snd analyzing and interpreting results.
> §) To teach the student how to vrite reports.
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The present standing of the L.E Laborstory : (1965)
. o
liany years agzo fluid mechanics experimente were ‘corried outl as !
a part of the mechanical cn~inaé}inJ laboratory.These experiments s
dealt mostly with hyéraulic machinery.Inddvidual: exnerinents for A
e ldehonetration of Fhuid«laws wore not progents
uring the prepidency of Pr.ilock;thers were leborttery. txperss
who possesscd de rees in ndchanicel engineering,employed in the 3
laborctory.Problen scasions were held after the porforrance ol the
experiments.The apparetus used was of the classical type,suitable &
for unéer reduste study.
Later laboratorics lpst their it nortancc and func+% ning;antil

it is mow felt that the *cvonvtruction ia necessory.
The mpparatus of the 0ld laboratory is,however,suiteble forithe

. performance of certein exporinents.The vld apparatus was repaired SN
;"and the suthor has perfortned these experiments,and presented the i
. ‘techmicel reporis,written accordin. to the .form suggested hy the
LﬂASME POWer Codess

Th& experiments are:

L TuMeasurement of water rates by ueans of venturi, or&flan

- and weirs v : ¢

| 24Determination of orifice dischar.c ceefficient
A.Pipe floy cecxperiment
deDetermination of “eynold's nucber in laninar flow
S«Test of an air coupressor
GsTest of a triplex pump

T+2est of redisl fen with forwerdly curved blades.
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Exvariment No: .0l

Object: 1he object of this erperiment is to meéasure the waler

passing throu h rieasuring devices,such ad: Venturi,orifice,wsiry

and thus determine the coefficients of discharge of c¢ach devices

Procedures

1} Stert the pusp. ,
2) ake reefings of manometers loceted at the venturi and orifie
3) leasure the average heisnt of water 8% & convenient'distance =
| fron the weirs "
4) Reeord time required Tor a measured’ ineronse—qf wnter—in the
5y ‘Pake diuensions of tank,pipes,orifice throat and vbrturl throi
£) Stop the pump and empty the praratus.

Lo Calculate: &) Coefficlent of discharge for the véﬂturi’fa;
b) Ceoefficient of discharse for the orifice
¢) Coefficient of discharge for the weir

C ' versus discharge rate ( ft3/ see )

Cv A

2arlot: C

W
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I.E: FLUID MECHANICS end HYDRAULICS LAEORATCRY = REPCRT

—

‘Experiment No 'z Fu.. 0O
Date of experiment:
"Date of Repori:
Submitted by:
Submitted to:

’IOEIJ'ZT OOLLEGE GCHOOL OF ERGINTERING,DBebek - ISTANEU
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Cbject: ¢ object of this experiment is to messure the water BETE

passing throuch various measurin; devices such ass venturi,orifice and
weir,and thus deternine the coefficients of discharge of cach measu* E

ring device.

Procelures
The veriouc measuring devieces were set up @s seen on the scetche o
The pump was started and readings of the menometers situated at'thgv_‘
.wenturi,and orifice were taken.The gverage heizht of the vater shove
‘the woir wes also meassured =t a convinient distance from the weiry
The discharze rate was measured by neans of & tank in which water
acou tlated ané the tine spent for o definite increase of hel ht wls ﬂ
recorded. The dimensions of the ténk;of the pipes as Well as that @f '
the orifice «nd venturi throat were alse recorded,

=

fl
ct
(&)

sceteh of test set-ups:

| ACCymyiijioN

V774 PR

b J ‘ i VENTURI  ORIFICE
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DATS

Run I 2 3 4 2
Pressure LT3 4 29,0 | 20.€8 1 22,3 | 22.6
(£t.of water) -

He(ft.of Kg g.38 | c.25 | 0.53 | 0.14 | G.0
over ft.ofﬁzo)

Ho(same as Hv) 0463 | Cu36y | 0.46 | 0.22 | 0.1I3
__%Egcm.of Viater) 12,3 | 1.0 T IT.0 [ .10 | 8.0 |

Iq sec/150 cm) 43.5 [ 55,0 | 93.2 | 68,5 [CE.0

where:
HV = The difference in levelsa of venturi menometer

Ho - LU " L 1] n " " Orifice " " "

H, = The heijht of liquid sbove the bottom of the weir
Hq = The height of the liquid in the tank

Cther datas .

Crifice diamclter sacescsssevsveessvonns DoBL25™
Dismeter of venturi throat .ssssevasssss 5.54575%

by Length of wellk creatl seesessnsscssesnnss 3800, = L2481
7 Inside diameter of pipe (OFifice)..seess G.065%

Inside diameter of pipe (ventuti).s.esss 5.0625"

TACULATED RESUL

;wf‘nun 1 2 3 4 ‘i»5 Avcrsdq
§ Co 806G | Co83 | Ca865] 0.098] 0.8 0.8686

-
al o
&

& lo
L
L
0
2
L

0. 79 CoT86 ] GBI | C 783 | 0.7964 e
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Al’ @lculations are based on the Tiret run.
L.Coefficient ofgdischarpe fox the venturis

The discher e is given by: Q= C . 'At A
o . r o o p A‘ﬁ- A

Where; C_ = The discharge coe;;lcient

A, = Cross sectional aree of the pipe
Cross sectional area of the venturi throat

li

In the first run: H, = 0.38 (I3,6 = 1 ) = 4,78 fte of water

PR st
o= 703:002)" - 0.14 £4% enc Apz

A= = CL.OI06
Ay = LARTY. ol 1t in C«00375 &

s A ='ﬂ13¢54)2/4ﬁ= 9.9 ffz.‘ b
Homce the discharge 1s equal to: 99 x 0.I04 = 1.03Q £t7/sec
degordingly: €, = 04836 x L4030 = 0,860

Lil.Cocfficient of dipcharge for the orifice:

The forrmula for the discharge in gn orifice meter is:
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where: C, = Coefficient of discherge of the orifice
s Cross-sectional arse of the orifice
p = hatic. between the diameter of the oriﬂce m

meter of the pipg. . :
Hl _{_j 13 "_«‘a ore ] X ' ‘f)v'.l.
ot 2= 0,068 / 3.818% = 00275 = and’ 1l SO

S e AR T
be” ’iz--ﬁ%—f-;*z) = 0,0795 £t
y 7 ‘

f= 0,63 (15.6 = 1) /= 9,95 £5. of wates

Finallys

@isoharLe over - reotangular weir

Wherﬁ' 'L = length of weir cr‘nst ‘= I,‘m ﬂ:n“
= Head of water a‘m’n the W Mn

¥ i : L)
o Wy ,‘,'

Here, 1 = 1243 x 0.032¢ = O, 404 T mt i

Therefore: ‘ e o RS
C\”i = w ' - kWU .= m
-Tyx 248'/ 32"2 (c 74::0.2568) .
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IISCUSSION and LXPLARATIONS

I)e« The triangular weir is suited for low discharge retes 8 Wwe
as hi;h rates because in any casc the head produced over the weil
| - higher then the one thet would be produced over 2 rectangular nﬂitu
JL and therefore,more eccurate results conld b; obtained with ﬁl‘ﬂm
lar.. The results with the ,rectaagular m are uood.It ahou
be believed that the suall errors involwved are mt of .,mca’c impor
beéause all the vealues ére within I % corrcnt. A4

2) Derivation of the coefficient for 'Jenm'i:

& ' o 51
1 weiting the Bernoulli‘s equation for positions I and 2470 Imvt o
/0 g; 2, "
v lldnupos nb’ |‘4;_ “g 5 g_& + ” J
2} ' w 7 2

Considering the manometer & ttached to the me’bar,md letting,
tum plane to be taken et the lower end of the gege £luid ,wu ha‘v
; ‘ —ﬁ-f.g - £ (5'6) (zz—-ie) ‘= ...k%.

to the medium flowinb throush the metar.liearrmm t!ms we j

A
’w e s =,?[$,G«/) é

| It is nov ovident that the right hand side of the Rl gy Qu
%o the head on the meter and that the ancrueter will indicate. tﬂ!.{;
. gorrect hesd re sardjees the value of the elevation TQIWBy AN

Eliminating V, withithe' equation of comtimity, < V -

we Letx 4 ” ]___
;//« (%)

solving for Vi , g : /z;l

Vz = 1
| 7~ (%)t

Pae to the fact that ILlow can mot exist without loss,a coefﬁeim& ¥

is introfluced, P | By 1
. 'd v 1
il v f-Z’Qj 1"

‘
)
)

LR L ARE s i R I | R e SR L Lo LD I Ao S B e ) S
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7 o 4@”/&47 4'*4‘?”/#/
¥

Substituting areas to diemeters,

e 6;.,0.‘AQ‘7 3 ‘%fd
7 4% &
3) Derivetion of dlscharge equation for uectangular def&a
Using the nomenclature on the 7 Hacty S
fl pure we Ach- :

L3

ﬂ%ﬂy
dE=C,- V) - =, ¥, 1 Jlg Cw't‘ﬁ.q"&#t #
y %ﬂ ﬂ“'gz |

"

Therefore,
3_2., - . "* -QK&
o=C, - 2 £ Iﬁaz‘(é; 2g

in the above derivetions o
& = Discharge in e¢i's . Ta W
H = Head on the weir in ft, Vo 3

X '= Coeflicient *or obtaining erfﬁctiva wuleci
V = lieen velocity in the epproach channel in ﬁf‘
L= Coelficient of dischergae for the wm '
L Length of welr Crbut in ft.

But we must reconize the fact that the flﬂw dﬁga.qat t&ﬁl p ‘
throuih “n grea  IH,butsthrough ean area &pproximatmﬂy Q@G? LH
. extends from UWw22H to 0.89 H.Therefore using this conc?eption o

lcc'tlnb the ve¢oc¢tJ of' approach caeffio{,at we ob‘aipt: ' ‘Afa

C?’ L+ ’,-~v éyéisé «

4u24v
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JETERMINATION © OF. ORIFICE = DISCHARGE
COBFFICIENT

Experizent Ho: Fi €2

ébject: To ascertain the discharge coefficient of a ci
¢ gdged thin plate orifice, '

Descriotion of machine to be testeds:
7/6 " circular sharp edged thin plate orifice

Heasurements NECESSETYY U .t wl e WO Ulh g

“‘Receiver tank dimensions
Orifice diameter
Prgssure potential scross the oglfict JL., AL
ﬂﬁ&eunt of air discharged (measure prucgums dfupl;”
Pemperature of air before thq ori!&@! ot :
Room temperature ’
Tinah of discharbe
Berometric. pressure

,Qgeration gggtggctigga;

As To atart the eo“presaor,

7 2.Close three phase kmife switch. T‘his
switchboard.

Heguirements: , AR e
The tenk has been filled with sir at 60 psi.one' hour be

arrive.Ihis is to sllow the ®ir te come Lo room tem;draturl.Tb:
re¢ the discharge coefficient we must hold the pressure potentisa
ross the orifice constant with the aid of the rcgulatinb vnlve,&n&
the same time smicasure th time necessary for the pressure 1o falI
between two given linits.in thie case the limits will be approxime
SOpai amd IC psis ' '
'Coution: Open the discharge valve slowly or you will Dlow the

from the manomeiers
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48 a check,this procedure is to be repcated tvice.Therefore it will
be necessary for you to refill the tank to 60 psi.and woit one Be
belfore reteating. '

L e iGAA R E ey }/,2/‘4/5 (//éw efnm{/.'vﬂ) ‘ ‘,

Wh "8 - a

A = Discharge ares in i’tz. g

C = Orifice coefficient.
dh = Pressure in £t of sir ceusing flow

A%

Inches of weter _ Density of wetew = G2.4

12 Density“of aix = B/RT
where: e |
; P = Barometric plus the static preesure across the
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DETERUINATION OF THE ORIFICE DISCHARGE.
COEIFICIENT 463" i

Experiment No: Fike (2
Date of experiment:
Date of renort:
Submitted by:

<V

Sabmitied tos o

O ’
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coefficien

Proce ¢

A 2ivenler,shery odged 7/8" thin plate orifices
ure: Thoe water valve Lo the compressor Jjacket ie openedys

the Btarteov:ic
which star
held at 60

teaperature..

through the check valve end hence to pass through the thin glate Gn&%

fice.

Tempers

he oriTice

to 10 psi

5

o
s ol

nsi.Then the cempreseed sir is left to eool down to ropom.

ture meassurements are taken at intervala pf‘lﬁ‘minutes,ag

;and the piezoueter head is kept at & cert;in,fixed head,

proceduie is

in esach trisl.

Appars

4)

—

b |

e

)

[he cuject of this experdcent is to ascertain the dischargei

ey closec—"he switch on the panel is turned omy
the conpresser motor.hir is compresced in the tank and &

fter this condition is reached,the pir is &llowed

outlet.The pressure ia the ‘tank is left to érop from 50

repeeted three times.Air is left to cool for IS‘minuﬁq

Induction lotor: ] I
sodel no:460I9, TypesKT 750,6+5,0yclest50,5-phaas.
Voltages:I90,5peed -t MUl 10&5:.940 Tphle | %5l
AmperagesiT.2 |, no: 4132023 Pt A N

BP:5 ,continious ,  I509C ol e R R
General Lleoctric¢ Co. N.P 24135
Sehenec tady  New York = USA

sardner - Rix Compressor:
No:399€9 ,Size: 41/8 x 4 1/2
Keximum rpm 3 500 ;
sdninmum, rpmy” 300
ceccinum air pressure: 150 psis
Quicy ,I1l. ~UGA,The Gerdmer CGovernmor Co.

rressure Governor:

CR 2922 CAT 1769124 G6
Class 103/160 4 " Worm: A
Pressure limits 30 = 130 lbs.

General Electrie Co.
Schen®c'tady ,Mew York - USA
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D) Legnetic switeh:

CR 7006 - D4, CAT. IT73580 G2

Voltages1I0 = 25 s 220 - 60

General Elbetric Co.  USAs
Theory : A
An orifice is an abrubt rcstrictlon to the fluid Tlow.ltis int:
2nE &0 know .tha
orifice as it is in g nozzle,but down stream frow it,owinh to the
mation of the vena-Contrscta. At the vena - contracta the crosa-aé
area .of the flow '

‘+
(J-
+
3
=
o
(+
O
=
»
[
Q
o
ot
o]
L
-
=Y
g
s
=)
o
Q
:ﬁ
o
o2
Q
o
%

the flhlL.
By mea

of fluid 1]

fluid f&ow.

-
twl U

oving i““ou ot

. LUK T
Towp, Press. Time | Teup
> 0, B6C,

BELSS. B 185 21
21.21 : 2C.8
od 2C.5
- A 20
21 19,6
21 i9.2
20.8

20.6

20.6

20.6

20.5

Receiver tank difensions: Rie 9F ., B2 6T "
sarometric pressure : 29,92 in. Hg. sAtmcspheric temperature: 7099,
Urificc dizueter: 7/8 ", Inmer | dimensions: h=Y5cx. N
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Calculations:

RN I

Q= CallaV 2 CQA}C L';Ah

/) 2 :
Discharie area: A :"D2/4 = T 1/8)C « 42 AU 0,00417 £t
4 x I44 414464 :

h = anches of weter . Deneity of water
i iz * "Density of a?r

-y ll{l' - 14071 X l{4
2343 x 550422

= 0,0748 1B/’

h o= Cs8/2.54 x 6244
12 x C.0748

= 21,9 ' of air

i

\":’QAQV , 3 w ﬂP/BT »‘b
Thercfore: Q ;

53 3x 518, 8x190 ; Rk

[t}

L9
i

QA = 0.066/0.0748 x 0,00417 = 0,88 : ,.ss % g

RUN II

m2

| s = C.OC4I7 £t  ( fréu previous caleulstion)
4 |

[

P/RT = 14.77x144/ 55.8%5.28

i

C.0754

i2 0.0T754 ;
Q =AP X VARSI 10 X X B . 0.02287 1b/sec
RT o 53.9%529.8 as
Y
f‘. P O‘C22 . y - -
G VI Afocn (ST 0.758 = 75.8 %

0.00417 V64444 §
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RUK III
K =0.00417 £t°
Sedl/2.54 624 s
n = x = 138.5' of air
i2 L4 “e /l-.lll4 Ay 4 7
2%+5%528
é s %ETV - 40x144x9.46 _ _ ¢ 0241 21b/sec
. 53 e %525 «8x8 7 -
W/Der. 8. 0.0241/0.0752
G = % = 81 %
Ag2en° | 0.00417 Y64,4x138,5
SUPPLELENTARY RUN
A= G.00417 £t2 “
Q = 0,016 1b/sec : S
Ce T35 %

Cenclusion:

The rest.lts of the
due to certain inaccuracies in
ahortace of tiue .

of 62 and 66 b,but instead we
determinations of

A
sekieved by performing the
tion anc then graphing;

resultes a The

by HIOPET CUrves

the zreph certainly

of

This will

os :CI [ R
LSE B | A-h—,.,‘~‘-.,v.

Jﬁn&l«¢:1v,ﬁ

experiment can. be considéred as-unaatisfda

3

experinent
the results ol
aversa. e
give

“easurenentes and more im,ortant dueg

have reached to an average valua oI
79%,vhich is rather high.
much better velue for the coefficlent of discherge céuld be

with Tuns of ireater durg=

all runs and epproxicating thess

velue can then be determined e

a

better value for the goeflficient
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Chief scurces cf error ape: .
§& iniccurch in megsurejents

: ;m;hc old and dirty condition of the syste: s

‘-'c:‘§~:'~k_r;~1.i;.tio::'1 of certein guentities whexng they should be #antun

@) The most significant error is caused by the Bourdon sages
* ') Calibration error

cons_nguontly he value of the discharge coéi’.ficient is eﬁfectoq }t _
larsely. |

Sugpestion for iup:ovement:

4 .
Renewal of all pipes and connections by thd‘

g,alvunized pipes and %rand new valves,ete. plub
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A ¥
PIPE  F1OW '

sxperiment no: Fii. 03 : .

Objects

1) To find the friction factor »{L),Tfor various lengths of pipo a
three different discharze ratess TR
2) To find the friction factor, (K) for various pipe fittings 2 &
the same threc discharge rates‘. l v

2) To compare these values with values determined by the eatimnﬁ& ‘
method of the text book,

4) To plot the energy diagram for the pipe line,

Erocedure; e

See attached. , PN "ﬁ»”i"}i 4

a) Three ratés ol discharfe are to be utedgt cﬁlviiti awtm;‘da'f
beiny taken at each rate. During cach of these runs it,will,hd |
to measure,the dischurge rate,water tempnrn%ua&,&qdéthd“ i
| ure differences, at the aifferent taps listed below.

b) Plot the nergy diagram without usifg axpﬁ!ﬁﬂnntn;
: ¢) Plotv the enéryy diagrem,usin; the '
dimnpmciee. | ’

£ 3
@
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¥
@ o b .
. .
: o
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| PIPE  FLOW
L
¥ g I
&
¥ o
3 { g
$ Experiment No: Fid,
Fole ¥ Date of experimefit:’
: - Date of report:
Subnitted by:
Submitted to:
. & i
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| Object : Al @&.' X

three different diacharbe rltos, o
2) To £ind the friction factor (x),!ur ,
per these three different discharge ri%liq
I 3) To coupare these values with th;

book.
4) To plot the energy diagram for thq axpasimnnﬁnz

casci.

L | Conclusipn:
There sre large %eviations between the experimen“hl valuu,
theoretical values,The losses at the enlargenent and aontrietid;
fairly small end the losses at the bends are large.The 1nrgﬂﬁp1§m
is also very small end caen be almcst considered as ne ligible. '

&

'le ?E sults i ' M 8
o he results are presented %n the graphs for theoreticel and expari,w
' ,mntal cases.The velues civen in stapderd textbooks are seen to be e
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* 3 Fv

mote watisfactory due to the fect thet,these values were ob'eaimd
meing pipes in perfect condition.The ¥elues obtained by this ex;
mentgindicate larger valuyes for gergy Tbases in dcﬁﬂ M'
in perfectly clean pipes.
ec etions: i ] » ' ‘ "
it is recomnende® thet the wholm ﬂipin.g—syatam a:r tm mq::t
set-up be changedd mmst. ahould be of gnlvpﬁ.m p&m in

inner sides of the piping system.Rust also clogs thn hpl!l M

in faulty pressure readin;s. ' v b, 3 S

Descriptior of test sot-up: 24H &
The test uet—xm is coumposed of, firSt a am.ll c"

. asuree the drop in pressure per :root oi'“‘
.9 The smell diareter ﬁpe is connected 1 _
o an enlargement fitting.The total pipc mn :laf '

7.‘ ﬂ'.netd- pipe g again connected to the amhn "
' ting.The @rop Mg thé contraetion is-
: namsm. %

| THe vater discharge is collected in & tmﬁ nd W
| mﬁt

g;hog of testings G, B

ﬁ-ém” of air before the cyperiment is T

The inlet water temperature was constant at 24 B%J'ﬂw dmtion
one trisl took four misutes at cinizum.The mm.nga were teken at
appropriaste timegintervals, - | e

; Uiscussion of ®ate snd results:

“‘;»-ggwem seleo&ed,whlch vere ‘chng,ht to be eorrect due to thc Tatt thnt
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€

they lied directly on the curve.Those points that fal¥® off the ‘tur=
ve were dropped.The data obtalned in this menner vas acceptedatcfhe:
fairly reliable.
{ha results were tabulated in 2 teble.The theoretical ""_uea,so 4
’acccpted for cur experiment ,were talen Trom textbookss :
In anelyzing the results many discrepencies were noticed.
Losses at an enlaripement should be more than the losses at‘arf
contraction.This fact came out to be true in the results found‘Hyg‘
using the estivete method of the booksbut the results care out o,
be the opposite of this when the experimental velues vere ulndﬁ:
in the calculations. el o
In textbooks it is stated that the enlargemcnt wall rouuhnesa
factor,found by ecxperiments is close to unity,end may be aasumed-
to be o jor wmost eniineering proolvms.*n this cxperiment the wal
roughness factor for cnlay ement is found %o be 0.041. i i
Textbook values for contraction well'roughness fuctara ¥
from 0.02 to C.5. In this experimemt a valua of I.I 1& fuund
the cofitraction wall roughness factors ! vji
The Tfriction factors came out to be feirly closa to values

the reference bocL. a P
¥ Phe vrloclty head in the large pipe is very cloae”ia“f

in the lime.The two curves lie veryr close to each other in the
darger pipe sectibne o

: The 1dczl resulte on the bagis of the estimate feﬁhod’{
of the L_uk ive low values Tor the bend loss,but a layy.er f
drop Cas ercountered in the experimental casce.The nost vrobable
resson for this deviation is-the asccumilution of rust and dirt

" on tha bend walls,which increecse the vortex action and turpulencg

of flow in the bend.
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M
Table of results:

Ueine cxperimental data

Q soeeaw
Vomalle-
Vlargc"

0.027
4+58
1.18
8.7
2.25
0.145
2452
0.007
0.364
0.055

efBL g
f’ps.....
f}"So;oco
PT tooftoC‘f VWeooe

Be a1l
: hflarue"
hfbend"’
hfenl.“'
Becont.®
Tomp1l eceveenenne
rlﬂrge"""""'
%'DOOOCQO'OOCOO‘.

" .
(A EE

nun
IR E

L
nen
LU

uun
L

0.041

C.C059

&

Using textbook methods ;
/.'/f toococooq}aof‘tz/’ec.oog 105 XIQQ ’

N, !
mmall onuo.‘ocﬁc--gcnacon m 4
LR R R R 15600 5

cod

obal.oooloonoooooo.’- 00032

2

Nheyenge
mall--o-oo’-..oot-,ano'oc e 00

flarbe
hfmllnoo-.-oooouoooootoqo 0.785

hflﬂl‘g@ Seubsvcrsnssswberr s 00115 8%,

h‘renl "goﬁoo‘ntc--v"o-n- O.EB

L A
hfcont : -p.qoaooo;co&oiﬂ"l 0'125

h‘fbenﬂ ‘QQ‘I!.“'.’QCOI“. CM?&

4
5

xciooéno--.osnu‘o. IOI ; j
el B
Table of datas - . R R
= RUR Dischﬁrge PT Erﬂp/ft Sud».eni." Mvmti ) :
. ; . par 19
kgs/4nin. cm cm em o Lem
CCly cCly  CCl4 ey
I 2075 - 2645 I3.4 20’ 46,3 21,2
2 212 24,9 12,8 19.8 43,2 1&9.9
5 193 19.5 I0.5 16.5 %5.5 16.5
5 161 ol R VY Ii 29% 4 14, 4,
6 156 0.5 7.3 ) 1 ¢/ 13.5
7 142 BB B H 745 19.8 I1.6
e 130 5.1 uat 548 16 10
9 126 302 445 Te3 i5 9.8
10 125 209 d y 75 ¢ I4.8 9.2
@ &
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L = 10,5 6n.081/ft.

Sample calculations:

Capaci ty: EUN & No. 3 : ’ 0'
Q = 193 Ko/4min. 48.2 Kg/uin = t‘g—')%-’gfii- = 0.0272 tt’/m
§ ’ -
Velocity: |
Ve Q
U snall pipe A = 0,006 £42
Large pipe A = Q.02%2 ft2

i

¢
Vi);flall = 000272/00006 = 4.58 fp‘c
vlarge = L00272/000232 = I.IS fpﬂo
- Total head: ; R
& 1386
Py = Py x S5 = 195 um.Hg.
Pp = 1945 piesf . 87rt.mtw ®
2045

f
Small pipe loss:

" ih
he = 0595 h }

‘h=—5E- & 0.395= 0,205

Length of pipe:zgdg= II rt.
Total he= II x 0,205 = 2.25ft,

Py + L(S.Gy) + h(5.0,) = h(s. GCC14)+L(Sascc14) *

Py %P, = h S.0001, = S.6.) =h (1, 595 % 1)
F b B,

h ( Uo 95 )

H
!
-
N
1
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sudden enlargements:

hf‘= 0995 h g

h= 16,5 cm CCY

- g - 4
ke D e - -
= & 10.595)= 0
he 3575 £0.595)= 04322
This includes the small
and large pipe losses that
are on both sides of the
enlarzement., _
Lengsth of suell pipe= I1.48° - &
Lenzth of lar e pipeg 1.49°* "4 '? ;
L A

Small pipe loss= 1.48g0.205= 0.303" ,CCly
lgrge pipe loss=z 1.49x0.00646= 0.00962 “

Net enlargement loss

i

(pipe losses + eflargement lose} - pipe,lépi§
0.322 = ( 0,303 = 0.C0962 ) & 0.0074 *

H

large pive losas:

PI+L(S.':?W)+h(S.Cv‘,)-h(s.(’gcclq)-L(S.GW)—75-P2 =

= 75.+ h (¢. 9) 3 L) ' L
= 75 + h (0.595) T‘m :
hr = 75—‘."’ :LC'.[)(C‘-)S")) | LI g '
= 84.82 chu = 2.78' * wa fter
: 3

Vet lar_ e pipe lcss

pipe loss - bend loss

= 2.78 = 2,9 = 0,26° .8
_ het loss : o e

Loss per foot
® pipe length

' Pipe length = 125{“) = 40.2"

Loss per foot = WA 0.00646
| 0 il

3 4 o R ¢ : A Lrehisd
L PIRE bt s Ao S TR S T R AU i, ol v ] e e R e AT T gy W L TR Y N T TORET
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Length of lower section; = §%g=% = 22.6 '

Length of upper section2 =

"
o
-
-
-
o

22,4 x QuOCEA6

t-.
o
¢]
&)
i
i

i
o
o
H
P
A=l
-

(e
(]
[&]
i

~

t-i

Pend loss

C.

15 + h(0.595)
75 % 344(C.595)
16.82 )

>
[

=3
F
i

H

i

i
l\)
\,x

Controaction loss:

$5.5 ¢cm 0014

he ¥ 22:2(0,595) = 0.692"
Jinic 30.9

 1ar5e pipe length : 1.31° bl
“¥'aun11 pipe length 3 1.56° Ml
Lnrbe pipe loss = 1.56x0.205= C.319! P
.3na11 pzpe loss = 1.%1xU.00646=0.00846"

&

GantractiOr loss = hf - pipe loae
20,692 —(o.)ic + 0.00&46)

' : = 0.3645"

£ =0.,205 % L
D =(/oOE7'74'
=4,58 ft/sec
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.
0.205 % L s ¢ ulda3830 4
000874}:6414

T = 0055

Friction Tactor for large pipe: obe = 0.00646 x L
D = 0.172* P
v .18 ft/ome e

H

il

f m&&‘-—- '7‘—‘.‘ "' il
O.l72 x 54.4 . ok . &L

o -] : & G X {
C.0915

Y

0.00646 x L

-

Enlergement factor:

h

: 4

oy n, =k, T2 rer. Hlonentary Fluid

Vp = 1.18 fplo.’ g i

' : ‘ £ i - -3
& £, = Shef L LA 2 AL C o 0,041

f’Uozt.raction factor: B e B e o
3 he Kc'zé' ref.Same as abpvu,pp.ZlSGlﬁﬁﬁf;
¥ h, ='0.358" AR

5| Vl = 4.58 fps.
E .

c

)

il = I‘. I

Caleculation of velocity heads:
For small pipe,

Vel.Head = Vo/28 ~ , V.= 4.56 fpe.

2

Aty
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For large pipe,

Vel.Head = "‘/2b -Lﬁ&;él——— = 0.0218°

qu4

Values of the Friction factor as determined from thc
For small pipe,

&l ’JC’Autng of ndtcro 5407 F

Kinematic viscosity: /7f = 1.3%20 "3 hﬁfuz?uid

C. 0674 "
4.58 fpa.
1,7%1077 /so@a.

i

N.. =D V/ D

s
S |

gy = SR 10 0 4 oaxm“n saaw
1 &-3.{.‘.0

* g

fsmall pipe 0.028 Rﬂf-?ﬁﬂ%ﬂ‘

For large pipe,

C 0172 X T I8 e gl
I‘ﬁ‘—;‘e 3 -LO...) - ‘ T

U.052

i

rlarLc pipe

Calculations based on the estimate method of thhl: xt
Drop for small pipe, pAss

L v° | Hefs ElementaryﬂFluid'Eoohgnl

i B hart S 9 | Vennerd, Chps 9
£ = 0,02
L= I1I? : 9
D= 0.0874"

<3
}]

458 fps.

W rd o 21 % ant
= 0u02 Xg-mpws  Eepreg ® Rel0D
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45"

Lrop o
TOp oY

T exlen D eyl
-LJOuu .B,O_.

KAl --\‘ ~
Bt 5 L= (.oaCC:
Ly :~)
N It 1
L= e {:.i'
— 7
I= 458
3 T ~
Ve L Ll o
fang N ST e
1 ("‘ (" e [57 — Le Y] o
i"f" = Lela = ke - GO = Us
- vel' (2 Ty ety
enler; ements
~
7 )E_
-V, .
= I\_ —— e 41‘:‘:1?;2‘;1( ..... PR
LR .
e T riyaam m =} .,
Vernard,Chne
. - .
o= L
R YA Y I~ S
ViT 4e0C IDD.
e T T e
o= 118 Ipo.
.
= = el

cortract

(o3

.
+

()

oy D 2t
ciiegntery Fluid oo

.

Long

™

"_Tiz;?’]w«‘,r.*(ac? T

$ Wila i
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A

7 DSVEIGIVATICE OF IEYICLD'S TUMDBLER AT THE TUANSITICH

SRCL LaudUaR  TC TURLULINT  FLOW

Objicect: To dotermine the leynold's number ot the transit

lominar g turbulent flow witllngg circular tube.

Theory:  Dimensioncl wunelysis,cnd ;m“ﬂui01lc 35 quantities in fluid
mechenics ond héot transfer have mode it possible to oxr Wsln,
manipula“a,cnd~han?le‘&'number of fundemental cquationd.

In the carly 20 ih '

PR it . o, -
SN P TR T N (LS b9e
Lodi Yo deil Ll \.}.L.‘.l RN (E,L.v

0
-
-
Q,
=
@]
4
J

e @ t

seyrolds’ fuibeordn hie
Loy fluic flow a

»

Kn Tt g LY P L S RN . . B -
tire ind ox flow,that itdie 1 o turseleant op
PR, .s_'g,ﬁ(.\ ey i ~yy R LRREpN
L (A Mo R ...J\./.L (TR /IJ- [ BV S © S
¥v
G
S £Y e e e - - oo -
L)Coni ;eybeld o 36T X2

'(’"""'

S

wlass tube, 3 t.,5/16 in. insi

- -

Blstep woteh , Leybold Fo 313 CF
F)stond bese ,Loybold Mo 3CC CI

) N | oo, S "y re g kB S A T Y
¢)8tond base cdgjusting sc:cws,Legbolo o 3C0 G4
£ LAY
) . L

3 1)3tend rods, 50 em 16n;

s,wcleh o 4913

,Geneo o L8294-1
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™ ’ o
Abgtecct: This cxperiment as performed in i1ts present form beors
a dcnonstrotionszl ch&acter,The Reynolds! HMumber 2t the tronsition
“rom lominar to turbulent flovw is tried to be caleulated.lue to in-

. s - ey Y - v ol K : . Mo 5 R JR S SN
periections dn the apparetus set up this volue of Fpe +8 Tor {rom
e «

-

Objcwt: To determine the doynoldést nmumber ot the tronsition from
1omincr to turbulent ©low in a cirecular tubc. '

Theory: The realm of fluid dyncsics and heat transfer’enlargcd their

N
;..J

iclds by the introduction of dimensionzl ana ond the dimension~-

v
I

f- [#s]
,J

[ 6}

eosily by arronging cerialin [ roups of prcnc“ﬁic',anﬁ bringing them into

Porms. These ¢ dinensicnless quentities have lar

LA

£
incering nrobloms,

In the ecrly 20 th.century Csborne Reynolds! in 1troduced the dimen-

sionless quontity VDL  ,which is called the "Reynolds' Iumber ¥,

In this nunber V denotes the velocity of flow of the fluid. I 1 Cases

where the viscosity of the fluid is high so thel it can not be neglccﬁ~

cd and assuming o porabolic velocltly distribution,the velocld in the

I3 - .- b d - e Bl he N P - - LS
"y sdenotes the avercge velocity of the flow strecm.This ¢aci has 1o

considerable effcet on the rumbor because in turbulent Tlov{a situstion

R P R e .. - oy el v e w 1 e ! R R SRR SR I 4
on which preyails . inost Cﬂ;LHQul 0o }roolﬁ*s the velocity dideibuti-
on has the Tollowing form, :

Clyeyde L3 SV OTae derr 3o Y A e e Ple e .
so thatl the averooe "floCL v 1o clmoot the some os the maximunm velo-

0

7 3 o B o, SN g I -.-~. I & L7 h:
Q 1 o guantity which represents lan th.it con either be the

i

PO U T NS o e L 1. e L. Y a s
hydraulic dicmeter of the conduit ( D = 4 x Arcs/ Tetted perincter),

or e displacement "' of the fluide The former is dermoted by e,

4

Tounse.che equations are brou;ht to forme that can be hondled more

AT
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mowlium head at about. 35 £t.Do not 20 higher or you will stop
The dischorge water should be velghed in the tank nrovid
runs should be approximetely the time neodod
dings every 13 or 2C ceconds depending on the duration
Caleulate:
' ZHP, £HD, LHP (WP ¢+ wlectrical Horsepover
actuald diccherge in ipm

rlot:

whp  (Voter lovscpovor)
Slipgpage

PN P4 -~y AL 3
lkechanical efficiency
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it total dischur

Y £
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B FLUID LECHAKICS and  HY DR ULICS TABORATONY REPORT

e . T -
TE3T OF A TRIPLEX PULEP

A ,‘-' 2 K 4 . BANDS e
fzrpeérinent Fo I LCO

Dete of cxperiment:

Date of report:

Submitted by
Submitted to:

ENCw

ROBERT COLLECE SCHOOL OF ENGLHEBRING, Jubek - ISTLISUL
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Cl)

_CObigets to determine the capueity an

Ch
i
o

ne performance characteris-

tics of tri'pIQX'pump,opcr-tlﬂb with verious éisc h;rto plcquuvbde"

e

C*:r;cbcribtics of

ed
wothington,T ylolv“ pump

scharge cpaclty ¢ T4 DD
Hated epeed {oriiinal) : 87 rpm.
(zt present): 62 Tpie

Tours: S50 , cicle: 50

Choracteristics of ihe wattmetcr:

'ﬁattmeter de precision
15¢ volus;'CGO ohmsg

L’ub Touger et Co. -, Zurich

u:*z? 1:1‘" equinnent:

- Vario ous gages and balence

Irocedure:. ‘ , , _
At the beginning of the ;xpe riment the discharae relve of the pump

wasopened,letting out previously built up pressure.The motor was then
con nbcbca to the clectric supply 'luh the maylmvt starting resistonce

3

at the stertin G ATHET the motor has stuvhod'ﬁne starting cvitch was

left to ri;ht,»o renove the ur“guu¢ - resistonce from the no-

turned fron

;tor,n watticter wag connected to the eletrical  circuit %O_mCQaurc the

po tha ,as consuned. The tr‘plex pump that 'ca'uor cted to the motor
'with a~bclt,begmx to'Opéra ee The scho rgo presoure  wags adjusted in ©%..

of watoer dt & certoin level oy &djustin# the discher; e valve.Voter vos
pumped fcr G0 SéCS. ond the zmount that was co

)
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During the test a) Suction pressure
b) iotor speed
c) Pusp speed

wore rGCO?dedo

The abeve w:ocodurw woe repeated for cvery suction pressure two tines: .

5 Y o . . s S e A N .
end. - wap repeated ok seven - runggcach time deercooing the dis cmaagv

B{fische)
T 0f Wi, 7
58 210 g

50 18

ool e

Ny
D
[#) 8

: 85 =35 253
974 60 I40 =35 . 258

[ I A B+ B O

RN
o0 A0

L]

o RN

-~

S j 3 5 263
5 81 c2 70 -3 I.575  264.8
6. 985 &3 50 =3.5 0.975 269 .
7 583 5% i2 ~5 o5 C.780  269.5

Vottnmeter o 1T = I5G,wat*
ot o
\

"l, R »
c. wc iiht o

i
NS

RV 270 I P AR KR 1 ‘ rad gty
Jalues’O¢ G include the tar £ 125G,
T N o pn i - _— ’
h@l5ﬂt between goges 0 150 e
vl T ey e oad oot o s 3N
SLCTICN DADC Qismecer L -2

Iischar_ e pipe diameter : 2"

g
§
—~
Yo
i
)
~—
-
t3

d
H
&3
s’
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s
&
4
il
-
]
¥
{e

sl o 1 Pt
(i 3 ‘ o 2 o
Ber P10 Anr o £ o
- BIG T Ve ! il -
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Dete =113“ icn of Iwele lip:
- Pluatts) x e x e, -
2TETY - ¥ Ko - 7, < ~ 3 ' WA 2 . . . o
2P = =00 = "m T b ¢, = wetor cfficiency = 91 %
e, = Belt efficiency = G5 %
P o= 1575 wutts
s 1575 % C.9T % .95 : S
oHp o= o= . 2L = 1,82 o
746 R
cterminatieon of water Hp:
M - i
g <
{ +? 1
\N}@ = = ‘k\'
33 CCO
— 22 . 21CxtZ.4 70
Woilim = 02 4 o5 o~ GS = I IE}
L] e -
- 558C0 R
Determination of cctuzl digscharge: in spnm
Qa B ‘ " :
Y 210 .
Q. = — = T=Eee o= 56 spm
G s map Sl [ ‘
) J e L'-J»‘ :
Determination of Electrical Hp:
Input in wolts S AR
P =R - == . Input = I575 wetts
. = -~ . . . S :
: 4OMG : : o o e L s
[40ucy e, sinotor efficicney:Si -
g TR , 4
BHP =, 5202 = 2,14 1P
B (403G 9T -
Al
“ . ’ ¥
Determinatil ion oL_,ch vicel eiiliclency: S
iop 3 : TP = T.00
g, = , I8P = 1.09 ip
¥ ;ii,f“) ’ ) - i ) y
‘Lr»:j = .!.0532 ilp
1.CY .
g, = —=—= = 0.6 =_ 0 &
= .82 '
Peterminetion of Hydraulic efficiency: o
: . . i it
WHEP WEP ¢ I iHp
ey ™ T v
H IHP - ) .
.L}IP : .LQCJ I‘lp i
: i
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Detercinetion of pump e¢fficiency:

ep - A wil' L onp

: Bip BHP ¢ I.82 ip
’ I e ,

G === (.55 = 55 ¢

18] Lg O

‘Determine tion of ve ;11 cfficicney:

-L.....

. WHP Wi ¢ I Hp
o = T
: O kil T '

4
1,
s
n
B
.
I
o
o

Determination of volumetric efficiency:
Volume ci cylinder = &2 (12,6 x 3 = 6 ) = I40C0 in’/ min.

o PR 5 127 - B

Volume of water pumped = S==Snd = 12800 in’/ win
. : ° R

Therefore:

X e . ' - 12800 . o

Volumetric e¢ificicney = L40C0 - 12800 0,86 = 85 4

_.Lt',OQO o=
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Sthrctney %

AN
J
>
3
604 ot
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"
tpo, B
P

Fun|BUP |BHP | THP. | UATER WHP| SLiP| e | ey | o, | e |Volumetric
B A Plsc. | B By PO lefficiency
. £pmy ‘ - ~ . =

I |5.62[4.42)3.04|51.5]2.78] 9.86| 75.5| 0.5 72.6] 65 |90.14 *
2 5.4614.05]2,78] 53.6|2.46| 9.8 |80 | 89,2 7I.I| 61,3 |90.2
5 1 2.78]5.22 2.12{52.3|1.93| 9  |76.5]9T |69.360 (9%
§ | 2.T7|2.5L[ 1.55]55.5|Ta 4L 7.5 |71.5]91.5[65.5] 56,5 |92.5
5 |I.£2|2.14|I.08|56 (I [I4 |60 |o1.8]55 |[46.5 |eo
6 |T.13|1.75] C.47]56.5(0.43|5.¢ |23.6]01.2]32.6|33.4 |oT.1
7 |c.sCli.c4| 0.18]56.8]0.77|9  |20.€|9%.8]19.6| 16,9591

o
Conclusion:

Due to thie charccteristics of the mptor the pump is run with
le

speed,which influencceS the resluts obtained.The
resulis uﬂow devistions with the values ;iven in handboole.
The main item thet indluenced the accurcey of the results,wvas thad
T

when  the pump Wao CEQTatidg‘its veldves o vere not properly functienwjf
‘hich cre located before the three pistons,

» From the pistonc,

o

; a
aid not inc out the &tomor saount  of wat
Apprecivdle inaccuracies wcle observed in welshing the womount of

collected waters _ | o
It con be concluded in peneral thet the efficlencice are quitc low,‘
Cbut 28 ¢ wheole the cxperimont con be consldered t

ONC e
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Procedure:

ments at

Yegt the fan ot three diffarent"pce? .For ecch speed iub me

: Mvaﬁhrc~”
> Tive exit Oﬁnnlncu:(ODbh,a//‘A/z i3, cTosca) Tor

h

‘each run wmeasure the Kcl 01t" pressure and the total presoure &t three

different

e

wor o duct with lenmidinsr flow,more readinss should be taken and the re
; Lo

poaiticns & rosg the dizucter of thc,duct.de cverase then

‘rullcy diemctors , : _ . o
’ﬁir"CIOCWMf(uSLrh'~ﬁcmoneior‘to checlr pitet tube readings)
Boremetric pressure | | |

wet and Q:y;Ole temperstures

clencies of the motor for various loagdgs are. given in thQTt&bléz_

10D (watte) LICTOR EFFICIEICY (5
- 4C0 | 25 |
5C0
600
7CO
500
500

Ul

RS T SRR
L3
I

N W
o DN

- I000 63
LI00 &5
12C0 665

2L *k-\ LRIV i

wor duct friction correction ond. cn“mﬂl 11 orzctlcr n Joan cheracterio-

Kent's ! nﬁoooh,;oxc” Seete I-85 and 102
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PAGE 84

k) B B T
SOQUALTCHEITH

Detormine:

ficiency
Stoatic fon efficiency

" Overall foiCi@ﬁcy

Volumetric efficiency

o
O .

[

Discherze pressure

~Air horsepover

oo
3

Fan efficiency

Gversll efficiency

Coapecity in CFH for ezeh speed.
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Srperinent Ho: Fil. 07
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perd OI;L? ""CO C.tlu'

o $ b
\.CuC‘ ST

sct~un:

Held ot center by 6 triangulsr blades
L) Fan motor: Scelete Pro % les, T

¢) Induction MOLO“$ General

L.
fomd
)
i
(4]
o
(—i-
)
l,«.
O
L
]
»

<
i" ,"‘p;’(‘r‘.’?CQ .’}‘:(it'i'. : ¢ » 5

-

Accugnorics nood

~
k..t),

b) Vind speed mgguurlng lnuifumenu

L3
L)

Chronom0uer

‘“)”l]liscn7drzft cese

[NAAF

-a) L“er aciux

The Len wos tested at two specds.for esch speed mensurcment
R S S e e 3 A = gy e .
of the Tive czit Oﬁe?lh”u (op 1,2/5,1/2,5/3,closed) were token

mzasured Tor asoch run,for three

AQismeter of the duct,and they TCIE ave I;;@d.iﬂ&éings;
vere token for laminnr ©low cond iiions u,bﬁfv were pletted ngainmﬁipc-'
sition in ducte. : . |

First &ll three velocity heods weore rend ond then the three total
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‘ '1'1//(/00:./&‘/) 9/‘6‘& caﬂlré{ %555
- Slatic pressoe (| Thermomeler
.‘ (/n/?/). G
111 IR S pitol bube
=) v
o h. 1 N
f//jaoﬂra// /\
\ 6?9/8 v
§
| switeh
Supp [] 600 board
com’ro[ ‘
:U'
‘.P.c ' /nc/a?{/oo \ .
—t= —i Lt/ Ear—]
Generator
TEST  SET ~ P
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LA
3
e
e
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BEBEK, I_STAVNBUL
Dotas
Vecociry | TorA4L | S 7??,7"4 FRN | o DiscH | Roont S B
| PrRessuRE | PRESSUREN ppessuRE SER|speed| TEME | TEMP | W /IND SPEED
- RN 7 oit Yo o Orae N RPHY Pt °c °c O s
FEES S : o ; (
‘open 1G4 u.I670.29 C.29 (025 |C.26 |14 703 21,2 ‘2Ia6 477 -
o C.I6| GoLO|Co26|Ta25(0.25 (0,25 | | I
2/3 |2 Gex3| Ced2[ 00221 0.29,C.27 |0.27 |T4C 700 ¢ " LEX
C.15| GeI3{Co29|G.29 (0. 27 |Cu2T. | |
172} 3|c.1¢| CII| 0.30]C.50|0.50 [Cuag |T40 (700 " | " | 500
A 0,10 CoIO| CaBO| 030050 |C. 29 »
I/% | 4]0.10| Co0%|Ca3C| 00 |CuFL (CL 3T (14T |TOL | " "ol sce
0,0930;09 CoZl 03I |CasL 05T :
G.10 0.52 |03 {143 1703 | " " 0

PartIT | - = SN _ o
|4 Ceex] o2z ean | icazg caad 0,41 Tod cod 20.5|21.¢ | £53
CoI9|0.I9]C.ae| Cud7 ©.3e Cuvy | i
2 |c.zg|eais|c.se] cozd coad coad 197 o8 ¢ w650
0.I5]0.15]|Cva9 | Coad] 048] Coig o
5 |Ceta|Coia|0e50| Qa5 0049 0uag 198 o7 © no| s ‘
C.I4lCoi4|CuiT| Cung |0 .
4 |C.II|C.IT|C.5T| 0051 €52 .51 195 97¢ vl es
CoiG|C. X010 20 | CuDL e BI} 0,51
5 [CoI0|C.IC|CL DI | Co5T) CooIf €. 51 Xo3 973 " A
Zero reading Pitot tube i C.I" twndditys '
ot s et oo ~ e vat Gy
opeeliic [ rovity of oil @ $.834 LY
; S e
Duet dicmeter @ 34.5 cm 12 e
R 4
Yoltase ¢ T4 ve
amperase @ 8.0 cmp.
Pulley divmeters: 89 cm.
Pulley dicneterz: I8 i
Eerometric pressure @ 29.3 VHo,
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8w o R “yet -
Averore velues:

Pert I XU VELGCITY . TOTAL STATIC
. | PRESSURE . PrESSUIG PIESSUIE
Moil Moil » "oil

e

0.062 C.190 0.1
C.050 G LS I

C.0LC -~ C.200 © 0.1
- 0.005 Q. |

2
o v ¢.220 1,220

J. 1

'\

fort Ix

C.I6C - 0.385 G.285
G050 0.390 C.350
0.045  0.405 . C.3SC
4 o.0I00 C.4I0 C.410
o C0.4I4 0 C.408

[N ol

Wl

O

iren (%) 2/34 - I/24 13
PR .

S - e s - ~ » : 7T
03850 ° 65,0935  0.0624 . 0.0467 0.0312 .
2 7 |
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1) Q@ = 0935 = 47T = 44,6 m” fuin. x 35,32 = I570 ¢tjﬁlﬁ§
2) @ = 0.0624: 481 = 30 ¥ v = ICB0
3) G = 0.0467x 5CC = 23,4 x " = 825
4) @ = C.03I2x 500 = I5.6 x " = 550
I} Q@ = 0.935 x 655 = 6L.2 x " = 2160
2) Q = C.0824x G50 = 40.5 z " = 1430
3) Q= C.0467x 726 = 35,9 M = I20C
4) Q= C.03022 785 = 24,5 x = 865
Correction Tuctor:
Referencet :
CADTH Ten test Code
_ 1
=iy =
41 ¢ 4
- ol
where:
' , P, ~0.38 P
l - [ X - -
a. C. 754 T,.;
J - - T e Ly 4 = "~ ’ c O oy ;
T = Air temﬁer&iuro:ai.60u=;CQSF;:QBCQS R
0754 T = Q754 z 530.8 = 4C0
" .
& v
P = Air pressure = 2%.98"ig.
(53
Pt -t)
~ & o i
P o= -
P G 2700 o
T Y 4 .- 2 P Y] '
t_:Dry bulb temperature=2I8 =69,3%7,
oy AN o SRR
t,.svet bulb tempersture=i9 C=6C.27F,
g » ’o‘."'\
‘t"\.-.t\‘ '-—'-(.:',5'8 - 6632 = ’56‘3 e
< Vi ) 4
P :Saturated vapor pressure=C.7802%ig i
¢.92(%.6) . [P
P = C.7802 ~ 22e2809:8) 0 7502 - C.04 =C. 7402
P 2700 | o
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5) Distribution "”“i»ﬂt _ ~ ‘
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i
Lol REFERENCLS

SR . o e o s
Text:_lwechonics of uids, i.H.Shemen,uc Grew-hill Co.,1562.

Tuperiment Witle , o cierence

Lanomeier study DR ' irt.3-1 to 32

Flow potterns in smoke tunnels _ Chepter 4
wlne»Lunnel.velocity'measurcmcnts |
Pressure distribution sround & cylinder - 4art 5
Lu‘lnar snd turbulglt flov ' 4rt.I0~1 to 10~
Pipe Iriction : - art 7

Jiscosity neasuremnent art 9

Drag mcasurenent srteili~G

Lift measurement ' | '  Art.5=L7,15-7 to II-9
Liziting pipe flow | ATL.E5=9, 15-17
Conver_ing, nozzle study srtel3-2,15-5,15~14"
CBounéery loyer stucy B : , vtadi-a,ii=-2,1i=7
schlieren study ) o arted -1 to L3-I3
vomentum study :Jot deiflection o ATE.5-3 to 5-5°

Force on elbow act.5-3 to 5=

Forced vortex study ; - ATt 5=0

Cther uscful refcrvence books:

cechanical cnéihasring leboratery by ..essersmith and orner

-Tluid .echenics by Cox cnd  Cerianoc

Fluid Lecheni

AQM“ 5UGo. ,Codes wind Reports Binder I ond 2 ,Librery ilo:f2l.i Am
3

. Liechanicul engineering Lab.iethods by 3Smellwood and Keator |

Experimentsl iechenical »ngincering by Diederichs and indree,C2i-D5 55
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Object: To study leminar and turbulen

t flow,surfcce waves ond tvo
and three dinensional flow past veriocus bodice. ‘

Theory: A woter teble is essentially o broad,flcot,nccrly level sur-
face over which water moy Llow.The table hes glass oides and bottom,

[ L
meking it ideal as a visucl aid tc various phenomens in Fluid mechanics..

Descrintion:
it “ccossarily concists of (starting from the unstreon cnd),a Mo

nifold to distribute the incoming woter,o roccrvoir or settlinz cham -

e t
Tlat surface with two side wolls ( the WorP

o’
@
H
[
©
Py
+
fil
oot
4]
-t
o
[.4-
e}
3
s}
[0
(@]
s
O | Seid
O
o)
]

VIS tream coteh

The digtinsuishin
e

. . K) rey e LI ¢ - . o e
N tures of the water toble ore oo fdlove ¢
m - . 2 » , o . noos U S o - -
I.The regerveir is two fect long and is o minimum of seven  inches
b V0 g Temmy LS JE N 2 o ey - : LN N " e Y . *
deep.the traneition section is twelve inches in length ond has & nin-

imum roadivg of curvature of eisht inches.%hese dimensi
c

- T3t oy y - . U N AN S s T O S I S
on at hizn flow rotes with & minimum of disturbaon

i
2.%he sides of the reservoir cre constructed of alwainum vith groo-

without introducing flow dicturbances ot the sides.

5.7he Jloss gide wolls are ci_hit dnches hijh and extend seven feeﬁ
Trom othe besinning of the trenocitien scceition teo the cotch J:Slror n
there 1s o nindmum of waoll disturbonceo.

4doiietnl to sloss and glaoss to glass seals cre made,using Yo" ming
cord and clomplng. They provide very tizht mainitenance froc scals ond

e . ~ gy o N R, Ro R | s gl S
encbhble ecaoy replocenent of zny of the glass,if neceozory.
1
1

2 K B V- , SE O N T

asg plate(six ft. by Lour Lh.) ig positioncd above

EX AN R T N g . 3 A~ Fr e PN
11 the metal narts ¢o thoat there is no visual obstructicons from the

5

PR AN KJUN U oy - - 23 reqq o .1__” L o .-
lass along its pcrujha;y,bhcfu o¢ No wlaugl obstructicns from the
o)

. r of S S ER e PR I ¢ Kale RUSUEEN. S NS RIS L - R
ttom.These feotures pive the maxinmun possible flexibility to viewpo-

o
the slope nceded for the desired flow tegt,.
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UANCETER L DTUTY
iﬂ‘thiG4C&€CQOr§ off laboratory cxpcrimént , the presentoticn is
“¢ivided into Tvo main groups,nimely ‘
'a)mxv eriments Tex voriocus individuel mescurements | ,
YL combined cxperime t;includin; several or &ll of the suovc
mcaouring technique
The stne idcq will be followed by the zuthor,in the pﬁessnﬁatidn
of other proups of cuperiments clsc. '
in this cotesory the incividuzl crperiments are:
P, 208 Leasurenent of &tmcs heric pressure '
Thi.2C2 Progoure measuvronoenits by Lourdon tube JLlephrom and Bellow's
presosure elemente ‘
Fkz2Cl  rressure DY ENOIeters
Fil,204  Prossure measurcment by the Pitot tube
The combined cxperiment ic:
Fil. 205 "ﬂadoJGtcr study
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Ay DT et €31 roin o eI VTV T
FLEASURnLLET  CF - ATUCSPHEERIC PRESEURE
O b TF loTa)
Yyperiment Yo dUI

[l

oy N H

3 3 IET . o . - . ' ERN o R R JR et .- N
fheory: 1o pressure meopurements,the pressure of atmosphere is use

~ - 3- s - N “ ms kS R USROS | - '
&s the reference or Imovm prescurc.The instrumentis used in the nmeasure-
£ atw.press. are called barcmeters.

O .
‘ - N
The bagic rclations of atz. press. ond other pressures is shom

. S5, frEessure
e .

o Vo - bsoltale  Fressulre

PO S

g - S

/95.5 Fress wre N Vacuurm Gope Zessare
o : B - : a/n.
/Gessure T . R 24

¥ T 4 L
when Pown., 189 1less b
LW el Ui ‘
EX L -y gy ’ [a TS ——rrey £y £
Abs clv CC pressure = All. pressure - Loge pregsure

is zero pressure aud the other cnd ig onened to frec atmosphere.The most
A
: =~ s - “ . L ey e N . R B a3
comizonn type of liguid barouetcrs are the well-type monometiers »4%T the

end of the tube wvacuum iS'Li‘ﬁLMiL e¢ ond the rescrveir is le
atmosphere.in Tig.l a 33pi¢\1 barometer 1o shovmn.u
in the reervoir with rcepect to the ¢ ale the Tollowing type,s
Tige2 ig usecd, B
- Ivory point is
By adjusting the

the level conctent all the time.

ivory poin c,thuu keeninf




e

THESIS |
ROBERT COLLEGE GRADUATE SCHOOL pace 727
BEBEK , ISTANBUL

- cm ] T ey oy e e . ERTE some e A Ay e A
Stondord horometric presoure dg gpeeified e 28,92 ine of Hy,

[y o o . . . - A . oy

(7160 mm) ¢ der.U and gea level.Corrections ave needed Tor accurate

y,

readings.tese are altitute,lattitude and tomperature corroctions,usualé.<

<
-3
C.L

ly ciwven in tableo.

Lue to the existence of Hy vapor,the vacuum above the X coulunn.is

net perfect,but sice the vapcr pressure of Hg ot € Geg.C is only :
0.CLCEES sm end ot 20 deg.C, 0. LCIEOL mi. ,these can be considered as neg-
11L¢b10 for proctical

inother cpparatus o messcure Atm.pressure is the sneroid borometer..

It consists of an evecusted ond hermetically senled bellows and a mec-. -

A
#run 1} Tl (R}

‘hanically connecte :d pointer.
The movement of the

bel ovs,iS'tran310red to the poin or,\nd it be-
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~ture” bomvcnm‘c ed ange-

e . e Ao e
Arporotugs I)¥ell type boroneter

2)Anero drmrmctm’

“YSeveral correction cha

i

poeodure

Dieke reedings by the well type borometer
' o)idjust the level of wercury

L.

b)Take readin s using vernier
¢)ilze corrections for:iltitute,lattitute, LC;DG” hure
; ‘

. . o
2YCorpare these with ancrold barometer reacin

: s A Y B . s = 9
DIraw o terperature compongated onercld DATCICLLT 4nc “w.1,¢. Tully.
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- Trec end with respect to tha other end.This movement is transiered %o a

. - L ey omam o e er ymer . X e - vy -
These Q&LCS cre uesed for rother low pressure ranses or vacuun not
D e T3 oevm R e S e ] e o Ll e ‘-"”L?O'rl b'\’t’,’f\f“ 33 :1), 7o
P Ler Lt.‘«.. SODSLe e 18 BANDLY ooeouse one el v CLIeen QL8NS Sl

,work under the acﬁic3 of spring on one cide gnﬂ.ppbau r¢ on the other

PruSSULE UBASURELLETS Y ’“TWDOQ TUHR , DLAPYFRAGEend

bkL'O (S PRBSSULE “’“LJLTQ

periment Hor W, °C2

Object: Pressure ncasurements by Bourdon tube,diophrogn and bellows

Theorwys iou rdon tube is a CLfCUlQT tubc with en el pi*cgl cross ocﬁlon
cons tﬂrcccc cither as & single turn or a coil.One end is clos a cnd ,rec,g
the other end is open but fixed in polels 1Tvoaoubon o higher pressure unan,j
thet of surrounding is d})l“@ﬁ no the tube the tendency will bc to moke
the crouucction circxl hich in turn will change the position of the

pointer by mechenical means.iftor a proper calibration clroct.rgadingjof;

T I IR, =
cope pressure ls obitaincd.Schamotic dicgrom is shovm in 1h.I.in the

<

Tellowing toble the material ond the vangc of bOLTUOh tube TICsT "e elc-

ments ore shown. :
“ _— . - . Ty
woteriol Renge
CEERREN T , : ALBLE
Ty 1
Sronze 600 psi

Seryllium~Copper ICCCO peai
Steel or alloy steel
very high,ab

i ;
linge boyOﬁd the
GO

! i
LR

* - EIP—1 R .
ia trenooitied toow

W pa e g g Ral
15 e O.

taxz Ly TR et DRI S
y lC LI 071’«1.&43{.‘7(: RIS : PR - )

sider 1o Lo provide enovsh ares Tor the diaphrezs to Dunetion pronerlv;‘

\
leflection ond presoure Cifference becomes nenlinecr quite oo

Jb ‘
In Tiz.s,Bellows pressure clement ﬂs showm.Ususlly metalic bellows

e Rare)

(L)From Induotrisl Instrumentation by Dsna-d Pegc%* r Jehn-Uiley L
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side.
tive area of
bef}’llivm cup gc:
monel arc suitable mctals.ghe vence of the

}.J-
H
]
"3
«J

C.> nsi to ILCO pSi,

5 used to ca
QQP@G of 150

nlungser ond o transnitting nediun,a fllid.xn- an
- ’
-
J./“Lb,;/o,_-;/') in

oe i
3 S e ] X S . . ? B
top of this plunger's pon,will produce an additi

u;
o
$-de
e
)

¢ plunger arca ond aht
ained to the zage ond the

-

is conmueted to t
The 256

s

on the plunzer's

. 1. -
0L TRC oo

Gt

1:u~ for . coen 5

e

&)Same procedure is repeated for the same nres

verse ordacr, that is ccmin;‘down Trom 0. pressur
rege readings are recorded,

) - . K]

t./
cending and Gescending,is called dead zone,or by

¥
I0)3uch & . woph will show vhet is

Ideally no cuch zone should exzist,but in prae:

3 Ao vy e .
ranze is iésermlﬂef then by the spring constor

v g o P NRE :
GC&”S,RllQ SLGQl ang

o
wlication ie between

N

librate [ages (ﬂouruoz,'
G to 3CCC psle
of & pressure producing.

“_n -,_" ~ o K
oo of the plunger is de= -

end the like,Thus ony !Clolu,ﬁleC( on

he tegter and the volve

.ﬂld uo-

ito nevked
“TbelOP exiats between

e 1g rcco%uod.
tly vertical to aveid any |

si atons up io izc %a;'

I &

x

~ ‘1’ 1-.0.,
]ue,“

soure vuluuu,aut

%o the lovwes

BLCTLIELS arci.

cnd the requ:roﬂ
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monometers.iionometers
hetween

The U tube is partic
‘nected to

(,.JD

are used ih inclined

N T e aerm g - e
PLGSOUME  GEASUIGLERTS Y L ANGLETD
- 17 i o~ :
dxvorln\:L 5O Hiie 205 )

ore se"eral methods of pressure ne ’urcxcn'

tWO pressurcs,
The simplest one ae

- -

1
known Pfe"ure PI Qﬂd
level difference wi
eI ve e

nelude that,since the liquic
-

um.Conpide » oounit

.
s

on both sidesg of it chould be equel te eseh cther

on the lef't ure: ’

£ b

3

ihe forces on the of ”vw'sidevarc;
Bt e s B
Baguating them to eczch other,and sclving
BT = P g B+ L P
/§=/D.,L/7f’

Since Py ond P are Imown velues

1

A T T P PESSUT
ol reol,the hijher the pressur

o

L5 & _cner

- . . -
[ Cﬁfjli&. L5
]

in crder to incronse sengltivity liquids po

3 .

chown in fiz.2.

& Ss0ne being oy the u
izl indicators and chov

8 ver
1y filled with a 1iqu1*.Cn<

[
C
=
v
h

and hl cony be

e,the liquid hoving thoe
1“cc.;uhm37“s of licuids used arc:i.

soessing

force per unit area “uh

o
the diff01eﬁum

cal U tube mano meter,»
£ the tube-ls con

he unknovn pres uure.f

qual to Pd.ang lyzing

il‘; ,i’;v 13
tube ot C.The

I Abqu111b~
;orca,

for equilibriun.Torces -

vhere £ is the density of the fluid

casured,Ps can be de-

sreas

ereury,veter,akohol, ste,

lower densitics

manoneters.such o ma;ometer is
£ huef unite 1o reprecsented by o scole with I

some cnaes it ie net
reading yo woll iype or
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Cne bronch of U
when P

-t

= P, ,the level of

™Y

tube

- ey Y -y ot
L U.CJguw

Procedurs:

a):017~tVﬁn(vo“ bical ond
))\,ovmcc,tm;

4)Buall copo neity

Outhbo

5)Several

r)bOﬂ“‘Ct

2)Take

using

2)

" e .
1) viny ¢

NEoOuT C--C’H’to T

LTI
Wy ey
(X T

T ore

.ot .
Tge 15

the liquid rolsed

to have

3 Yy ~
Snown in

lov dens ity 1l»ul ig more sultoble for ceccurnte pregoure

changzed into o reservoir,

Ty eyl
et Ll

At neutrel pesition,:
the fluid in the tube i T

oo zero.ine
in the tube beyond the initicl
beiween Fy

x:/'}

should be pre
inclined woll~tybe‘r-
elie

&7'

DU tube(vertical and inclined type)ﬂanometer

.

ﬁuull.ggs

1 tonl ond scevaercl

Kl

for manometer Connecticns
liquids with diffcerent densitics

the couipnent to the coupressed

- &
simvltanecus readings ot different pressures,and
different liguids,

i menoneter Tluids,why ¥
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LEBASURE T O” FLO BY PITCT TUBE

J»Derlucnt 1o i ona

Object:  lieasurement of flow by Pitot tube.

v o T»
Jod & 3
rma——————— v

Pitet tube is an instr rument to measure sta preo~“

atic
sure,velocity and total pressure in o stresm of lr or

C’)

age.ns shown in the figure it COﬂSlutS of two concentrlc

iLbes shich uouallv are L uhQPEd Tor convenlrnt hand-
ing and whlch prov1cca two: sepera 1te outleto for conncc~
tion o arﬁvsur Les eo.ﬂhb essential part Ci the 1nstru~-

'..J

nolt is the short SLT i ht portion ¢f the L, which 1s 1n—- v
serted into the stream - ﬂra7lel to the direction of flow ,
and with the openning . alvoys pOLntec uputream The 1nner e

tube has an’ open meuth,facing the stresm ,Lnd nonveyu to

& pressure the so called 1mnacL pressure which is tbe

total pressure ot uﬂlu poxnb of flow. be outer tube has e
-d number ' of small raalnl holes. its cylznurrc 21 wall '

and the annular space between the two tubes conveys to
anothdr pressure sage, the static ﬂreusu“e. ;nce velocltjf
pressuré is +hu dlfﬁercpcr between total pressure and
stati , ,it is possible to measure it directly
by o differentizl monometer,connecting total preséuye to
one side and staticu”ressure to the other,

For inco ﬁvr5351b1e Tluida the rclbuwon betveen veloc1ty -

-

pressure and the velocity is,

where ,

V = iverage velocity st the Pitot tube location.
C = Cali '
4P= Velo

C
bration coe«xlcvent

city prossures Py ooq = P

# = Density of 610\1nP fluid

ETRRaRAyeR
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g = avitational constont

For the standard Pitot tube ,C is bmtween C.9¢ ond I L.
The equation for o r thus Locomes,«or stondord conditions as

Vv = 5 00T g
where,
- P= Velocity pressure in inches of water
for compressible flu;as,u correction factor given in the
raph should be used,

oince it is v 5ﬁible to de tulﬂlﬁe VLlOCltJ at o peoint in
he flow,ve 1ocwtv c¢a::an can be constructed for a given Tlow
'cross—sectlon.inbeﬁru ion of the distribution  raph yields the
flow rate.iIn “vwctlce this is done by dividing the flow crous~*_
section into imaginary sections and vL1001L3 is oet"rmlped at f
o renresantitive v01ni of the section.The swmastion of prnnucts
of indiw~w.ul veloclty and related sectional area will give
the flow rate.
The imagin&ry u@@tlﬂﬂ” for a rectangulor d ot will be’ galﬂ ;
small rectan les.For the some subdivision in o circular Guct 'ﬁ
concentric annular areas with equal vazlums cre used.The ston—
'L\

dord locotions oi o pitot in such o circular CrOsSs—-gce—

tiaﬁ,and-bie boundories of cnnulor sectlons wre given in the
fiure.The location of the traverse points of Pitot tube are
at the centers of those concentric sections not i calong
the diameter between adjacent boundary circles.
‘“y)n‘ T tw'gc*u :
.L) tot tube

2) Connecting hoae

3)1 'chngo U monometers

)

4)Air duet with verisble flow rate arrengement
5)Propeller i”p“ anen ometer L
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Procedure:
L)install the equipment s shovn in the figure.

Le sure thet the L CCtLOH of

L)

2)

AWM
Sr”

wihy the

the tube is parsllel to

7 pitot tube and the ancmometer

> on the same graph paper.

- - L
3 velocity ot

ection is not used as the character sfi veleelty of

the central section ?;

Why the Pitot tube is quite sensitive to yaw.(the
inclination angle between the axis of the tube and

the direction of Tlow )

If a hot-wire unemcmeter is opera ted at hi &h Lcmoo~ -

ratures,what will be the main c&uue of error 7

-y B 0 )
- Explain,.

the center of a circular cross=. =~
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Appendix do

Tile 204

Ancnornoter

In order to mezsure th
c1led the a

ig shovn in fisure.it cons

other devices ,c

The umeter rocords thn &roupu of LluWJ passe

to stop ond simit

2

The flow rate . is

Eot wire anemometer is & thermol LOtGT,CO“”'”tin”

©

velocity ol o moving

caleuleted by dividing the flov

stro:ﬁ'01 air,and heated at o rote which Luintain
at the wire.This meens that the smount of heat 4
is talen awair v the Tlowing fluid.Since the cool
the Tlow rote yafter proper cnlib?ptionAit'is pos
of Tlow by meosuring the avount of clectricel en

COUNTER

fluia strccm, there are
*@woucb S.48 an example the propeller tgpe
ists of 2 propcller and ¢ counving mechan iort.
edl It has

the counting J,chanlsm,providing

o cluteh » chaztlsm»;
rated operating tine.
the ti ‘

of o very thin wire, § |
. s . 3
~oment.The wire is

constent tcw eratu«

- |
"PROPELLER _TYPE RAMW/QVZVDEQ

v

Hare

ploced in a
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1S ih ¢Cl .El.[l“]“ STUUX

Object: The object of this ciperiment is to ccquaint the student
iwith basic p:eséure height relation by measuring pressure Gi eronccs

with fluid manometers,and to Tamilisrize him  with 4ho steen t‘ole and.
barometer correction chart. '

3 o ., \
et e o ey

byt
“w

anog,ﬁechsnics of Fluids,irt.’-1 to 3-2,¥cenan and Keyes

yneonle ploprrtlcu of steam, pp.74 - 75

Croonizotion of student grouns: Divide the class into {rouzs of two
or th: e.3ach Jroup should pCerrm the caleu Lt*ond 1nac3cndent10."

'Theorvz FPor full informotion on

opperstus,its use and charac
areas of. ”Dpl ability, connecction techniqueu,ucdrees o;,accurﬂ
hecessary corroc tions to be made provided with needed charte,ples

el

to "1&%0“"" seci+ons o1 cxperiments: T 20L to 204.

', -

¢¢ menometers,borometer

: S Py ey e ito s . A PR
Apporatus: f"v¢o 15 pivot tubes mnd asgsoclin

t
hung on the well of the instructor's rocm.

Procedure ond Jeguircnmento:
"o ORI . ,“,.. Ao
Ldultiple #luid Honnometer

.

Alr pressure will be applied by toe ir .éfrctor Tron a portable sir

tank.Tele rcadings of ell fluid levels.Cemplete the Tollowingon & sepe-
LeShow ©

“2.Caleculote the oir pressure anplie

Jehat 1o the value of such 2 nanoncter ¥

. ~ -y .Y i - Pl 2t i ' . ~ <
dovliot ore the disadvontoges of :ucl a unit 7

The unit is celibrated Tor use with & Fiuid of specific rravity p‘8°7°
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iono abourt 4hi manometenr: _
igtenee between morks on the scale Tor . .
erence (assume recervoir level ic not ob=

9
<y
;-«

v measurement of scole(s ale rcMOX“bTC

wnge when the £luid level

) [ N AR

3
<
S
et ¥
: |t
<
«
[¢1)
{._J
[¢]
.

-
e
-
0l

unit hes o SC&LG CQ;lb raved for o Tluid of sgpecific ‘“”Vl*y C 027
c ‘ 1 th

ific grovity of the fluid now in the mon ometcr,glﬁ

N -
4o £ \,G’C tube
O- sy ot ¢ -"h ooy -
[RIOXIF SN Liile Vet

Tor. nead GI“"'DIUS

s . o e - R S
Stognetion press. in tunnel, Py = in.of water
s ' A < T n ETis
Static prese. in tunnol, P o=
3 PR 5 ~ T b — . 1t 1 3 1
Pressure diiference Py -2 =
Lanometer Probleu:
Consider 217 ©low irn +he svatem shovm,. dasnhme e ig 29,4 17
LONSLAcy all LTLOW Al The SYyotem Saciill.assund ot «PTCLDe 18 &Y ed At
T -1 : ey gty Jer 1 o~ . T
Hge and the acmbient temperoture is 0 deg. T, .

.

the Tollowidng teble of nrossure along the pipe.

coleulntions.

o)
— e
G Ca
M
i“’ r*'
0
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Fil. 5G4 Velocity und
P

ot o [

Zhe 305 JFDeo
PRI -~ e I

Tl 300 Pipe

Fil. 307

Licasurenent of flow by volumetric

k23

teasurcment of flow by veriable head meters

¢

Venturi

LMy
(W i R 442

- P P T o - - -1
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T
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Til, 208  TIlow metering ond Pipe flow

Tlow moeters

Prege, drop for iscthern

£3)
scoourement of flow by rote meter - Lotemeter
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race 737

Cfrom inlet to outlet.The capscity of such meters are up to I m@illion
cubic feet per hour.

R SN
ATnoaratas:
diiiited b il

I)vorking modtls aAd_e chematic digogrens or cross-gssciloned models O*-f

d) weight meter
) “'o~lobca rotary meter

Procedure:

1y The models and dlogrems are studlied and any simple meas urc‘eqt

[HN
6]

e
C&Ouc

Cucstiong:

- e e
1)vhet ore the applicotion

RO7R7m6 /ﬁh&ri

0 — o —
. — - - —

— — —
— S

— — — ] — —

WEIGH ] AMETER crps ED DR M
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FEASURBLENT OF FLOW DY RATE [BTERS —- ROTALETER

Loperiment o T, 302
Cbject: lecsurement of flow by rete meters,rotometer

fheory: & rotumeler is shown in the figure.The Flow rote is determinér
by measurin. the crea through vhich the fluid flows.It concists of-a to- .
pered Slacs tube and o floot insid

fdad

¢.The flow is from the alicller cnd to
N
(W

the other end of the tube,To keep he Tloat at eny level in the tube,it
is required to provide certoin precsure differentiazl at that point.The

w2
Tlow passage is proportional to the flow r“tc.Lne flow rate is neasu @

by comparing thoe position of +the fleoat with a2 calibrated “calc en the'
(Y] & (] 2 ‘

L*c G(U117D?IUJ nosition the Pollowing anclysis of {loat po-.
sition ig made

v

L, b, 7 = B, u,
IR 5

'fZ/

‘wheres

L
VF:,Fluid streon mean clocity

Ty .. S oodeds ma o s N N R OC S, D ‘
Usually,the height differchee is negligible, therefore:

£or o stable pesition,it can be sssumed thot the prescure acting
con the bottom: of the {1

the ‘float is X
very strict schse,it Is recs o
between the rote of f£low and the srec of annulus,tnat.ls pogition of the.
fleoat in the tube. | |

where: ,
Af = Iifective arca of float
V- = Volume of float - .

i

(1) Industricl Ip"t“umoﬂL tion,by D.Belmon,I657,Jdchn Wiley Sth.héition

= Weiosht dencity of float
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whoere:
a =
~Al =
bt i

4

o

2

i

e

(.

nd con

el dd

pa4

r\-v,:

e
&a._ 1

Liel s

4

O COUUReL

NTF vy o
D"{ i R

LJeight dens i fladid
equation o
é%?f" Aé;’ég = Lé%z «iz
Kate of flow of fluid
drea of inlet to i pered. tube
ahmular erea betm en float and tube
Coolfficient of;con*réc%ion = 0.6 - £.8
+hom ~d + Tirdivnats PR : q >
thon 5L1,uc climincte P, 1,Vﬁ2 and Vg o

1 “OLQmCLCT
CO&HLC%#O? cof water supply

%) Stop watch
fTxemingo ho rotmm sher ca:eﬁull"

‘ Calibrate it for water
':)Supply water at different rates
h)Rccord the value shown by the Tlo , ; _ AR R L
¢)Collect vater in o bucket Tor definite perivds ut each leve1 oﬁf
Flow rate 1néicated by the rctomoter ' ' e
@)Plot the actunl flow rate vs. neter recerds
Cuegtionss ,
L)what are the adventages of rotometers 7
2)How can the Tlow rate coepaciity of a rolemeter be changed 7
3)iizher accuracies could be obisincd ot rather lower {low ot s,v%y“
4)In frder to compunsate the changee in density of the Tlowing fluid
suitoble float nateriscl is selected Tor a civen fluid.Prove thot  Lor
the relation of S A?,}a aUﬁéxor prover c0vpe wation |

;C@af

(Z/
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SEVERAL WEIRS

\\,‘g

‘ .
T S
—:'.:" Class fube
—+-
,‘J“
EX Froal .

\l; ;\33.‘_

}
R
‘:.} '

Lkt

s
3

,I,, ™t

i

L]
..‘r! ‘

Al

DAY

IS TS DURTS IS FTUUL

AR
T 7T

L n! b

Lol e L L

S TSSOSO RS

P4
IS P
1

L vsemBE ARE4 METER
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Fap exp: 302

ROTAMETER
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CUTA A T A
sl ASUREL 51\'

T OF FLOW BY VARI&PL“ - HEAD HEL‘RB
VENTURI HETER ~
FLOW NOZZLE
ORITICE PLATE.

ryy

mxperiment

Object:

me

Theory:

vlncreased by csusing “the fluid to flow through a con73{ fﬂ$

forl¢1ce plate.

flow accompanied by a corresoondlng arop in pres ure,;.,
db the conutrlctlon.

them ¢ end is preuented in the follow1nﬂ sectlon._"

and 2,and consideing the heat transferred to be neg—"‘

1i

mass,;' _ ‘
/7 & Z VA R ’!
F Yt 5= - Z =
RAE A A A7
:Lere,
7 = Llevgtlon of center of flow otre“m

150: Lhiie 303

lieasurement of flow by variable-hnead meteru,venthrl
ter,flow nozzle and orlllce plate. '

_ne ¢undumontul 0r1n01p1es underlying their onera—f
glons ore exa ctly the szme.The velocity of flow 15

striction.It might be a venturi,a flow nbzzle;orfan,;[?,fa!

- The rﬁsult 1s an 1ncrease in the klnetlc cnergy of

The NMthnjutlcﬁl analysis is the. ssme for wll of

Assuming no vor} is cone between the se0t10ns I

&1ble,the_cncr¢y equation for steady statie,per. unlt

Ny

Internal energy
~Static pressure

U

I =
S

4 clﬁmetric Llow
V= Q= —u e e
ilow passoge orea
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For steady state,tbe PontlpvltJ equoilon,
44T = |
reas are circular,

sege area

- the flow pas

and assuming
A
“/7',& . o 2 : . ’ -
$%4’=£/é,”ﬁ2 | o
' ‘ 7 L

-

solving for V, e get

s o
V,=Ié~f"—

FA

i 2 £
_Ié’ﬁ;_;__

\K\)

vhere, 2 D3

iy

7

theue 1nuo the cnergy equation ,

- agbotitutin |

2.
) is made neg»f'

“2.
Usually the Qif iefcnce in helbnt ( 2,
ligible, flow is assured fPlCthnleuS,thb is ( U - L ) 1s

equal to zero,wnd the rcsultlnr equation ,
7 _ ﬂ | r’- 2 A’L
N XaZZIN A
' Ideal mass flow rate will be, |
MR B <R 27> /2 a)
€ 2 * 72 ~ Ja 172 o $ 2 f P -—_—
, | Vg (7 %
}.'101" g:ﬂ:f B . ) . ' .

//(/_/?9 ,o Z/fdp

_rlctlonless udlﬂbaulc ;low of
b
onditions can not be ¢h1n~‘

/426'== f%z

This equation 1s "ood Tor
ncompressible fluid.These ideal ¢
pressu esfme;sured,mlght'not be at the -

toined in practice.The

proper points of flow.
| |

R
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The. area o; constriction at room terner ture will Dbe aif-
ferent under operating condltvons Thus the actual flow rate

M, = A, W@f/szdp

mhere,
La = Actual Tlow ; -
C = Coefflclent of dischargé = Lia/Ed
E = Correction factor for thermel expznsion
K = Flow coe°f1c1ent . o
Thus,

M= 2, ff/jf”’o

For compfesSWble fluld Flow ve have <o subst 1uute enthalpy

h,LOT o ,und-the ideal flow equahlon.becomeo,'
/4,/ Ty /{—Z:
(/f) SRR
Ln cuse of 1@@&1 gas. and cons tant pe ific ai',
A?
where , _ R T e
-k = Cp 7/ Cv

R = me constant
T = Absolute temperature

Combining snd q1mp1 Ly1nr the Qbove ;ou%tlong,vc bct
e L )7
V-G~ "
. 2
sS— 2 A 7_{2)/4
"5 G
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USln” the svmbol @ *or the bracht the zctusl flow rmie
will be expressed ,

A A?/./fﬂ‘/;q 4~

where the coefTicients are the same of those explained before.
This equation is good for isentropic £low of compressible luids.

Teble T ¥

L
tad

Values of @ for use of venturi meters and nozzles

( k= 1;4 ).

L]

(@)Y

L] .
[

\S1

Po/Py C.25  G.4 . G.5 G
0.8 C.98Y3  0.98%0  C.uat4 - 09872 0,9053
C.96 © C.OT82 - CLOTT6 C.YTGH 0.9T743- 0 C.9724
C.94  C.9G72 0.9652  C.9046 0.96I5  C.9585
L C.g2 CoG570 . C.UB48  C.9525  CeU9484  0.9447
C.9C - L.G44T 06452 C.GAGS ¢.0%52 CaG509

For orifice plates,the pressuve'dvop will be much less

than 90 & ¢ there is too areat error in. the cq]cu‘ tion of flow
by uvsing expanaio zacbor , # o Another ﬁmnirlc“_ Syer ns ioq fiegtor

Y ,is used instead of. & .

sne VQWucs of" P /Pm‘baove O. 9;,*ncowmr9531blc fluid flow
equa ﬁ501 can be used v 1tb0LT eny great error.in ile~iollov1n' tab-
le, the error of 1ncomoP0081blc‘ lu;d~equsz10n LOT lef@“@?b valu-
 es PZ/*L la given o ' ‘

hid '.eChCDlCul Lng‘g La borgtory P 61 by massersmath,u rnﬁr Olsen
2 nd. ﬂltlon John ulley ’
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_Table:A 2 %

Po/Py g - % Error or
(i ~¢g) . I00

I.000 - . T1.000 ~0.000
0.990  0.994 0.60
0.980 S 0.9884 - I.I6
C.960 . 0.9765  2.35
0.940 0.9646  3.54
C.920 0.9526  4.74
0.500 ©0.9405 5.9
1 0.800 - 0.8780 12,2
6,700 0.8I20  18.8
©0.600  0.7440 . 25.6

Venturi lleter :

~In the figﬁre,veﬁturi ﬁﬁbé'iS’Shown schematically.lt con-
‘sisfs of a cyTlpdrlc 21 throat sectlon a conve ging section and &
diffuse_.The opmlmum angle of alf“u er is about’ 7 derrocu,for Wi
nimum friction and maxlmun recovery.The pressure loss Irem secti-

on 1 to b is 10 - 20 % of the dlfferentnul prevsure,Veniurl tube
- slzes qre noi otupctralzea.

ihe coefiicients are usually function of Reynold's num-
bervan& neter size.iiain disadvantages are ite bulkiness and dif-
ficulty in construction. | |

%) anUut”lﬂl lnSiTUH“HtUtIOﬁ D» 279
- By dnhmdn John nlloy
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Flow Nozzle:

Some common flow nozzle shapes are shown in figures.Ilow
nozzles can be considered as venturi meters without diffusers in
a2 vy . ' '

The nozzle has a Dressure loss of 0.30 to 0.95 of  the
differential pressure ootulned.*low coef LlClCnt is ulSD a fTunc-

[

~tion of Qeyno‘d's number and a table is 1ven.»

‘The orifice is the simplest fdrm of the constriction.The
flow shape is illustrated in the fiﬁu*e The smallést area is cal-
led the vena conuﬂ cta znd the lowest pressure cccurving at this
section. rhus it is oov1ous that the location of pressure connec-
tions has large 1n_luence on the pressure differential debnrmw—
natlon.ine sharp edged or1¢1ce is the most used type;'he sharpness
of the upstrean 8ide of the orifice is very 1Hp0rtunt in influ~
encing the flow‘me urementu.nghﬁ reflec»10nu Gi»mny kind sho-
uld be avoided. SRR

By properly manufactured orifice plates,it is possible
-to reproduce Tlom‘ccnﬁitionsywith,very hizh degree of accuracy.

The discharge coefficients are function of orifice type,
pipe size,ratio of orifice diammeter,the Reynold's number,and the
- Location of the‘pressure connections. ' "

Very elaborate tabulations of’ those cdé”fic%ento for va-~
‘rious comblngmvous are leen in the’ publlcatloh of ASLE y 'Fluid
keters,their theory and ﬂppllc tlon‘",Part I 19)7.
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pparatus i

“I)Venturi meter

2)Flow nozzle

5)Orifice plate

4)Suitable dl**erenulal manometers -
5)The circulation arra ngement shown in the Tigure
6)Stop wateh |

Procedure:

)3 amine each systcm elenentu cqrbfullg

2)Take readings by each one and check them by the
water collecied at the reservoire for a given
time . perlod B . ,

%)Plot ‘the ﬂCuual values of flow vers sus thé reé~

dlﬂbS obtalned by tﬂOue bh¢ee VuTl&Ole head me~

_ ters. -
" 4)Compare the results.

tunestions 3

. I)What are the advantages of venturi meters over
the omnero ? | ' '
c)uhut is the use of excmntrﬁc orﬂche plates 7




- THESIS |
. ROBERT COLLEGE GRADUATE SCHOOL PAGE 50
' BEBEK, ISTANBUL !

Convergrag

Sectiroq

VENTYR) NETER

/9/€£5-s'//)?£‘
7S

AN N OSNEONNNNNNANNNANNNTNNNANNNNANY

&\\x\\\\\\ SSNSSNNNSSSSSSNSSY)
LOW RHI/YS Nozzll ,cvﬂ,?,
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[ AT LXP 303

Fressure fap3
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R
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N

AN

: Ks’/)a_ Copnlrac to
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FICH 4b A TUEE

e mn T AT
b

T SOTOT s DD T TV T
‘J,‘.;:L\.*(/.LJ..‘. snd Diwwsoulds DR FOR U RBEDESIRY

T eyt ST, TRV
Domerdnont o i, A04

Ceject: Jtudy of velocity and pressure drep for

hoory: 4 veriety of Qxaerimeﬂtalyxeéhniques mey be uscd to deterning
“clonnhv and pressure. urop for isctherzcl flow in o tube.low pre
drope may be determined veiJ;qccuv“Lel o micromanoucter.i b
anémometer will be usced to mecoure veloe 11" 30 that Wlpc\x’ ting conponents
may‘also be obtaincd.Thus tr&nsition phencniens in .cing from leminar Lo
o ce versa ) ooy also be demonstrated in this cxpe

ments ' |

e ofea r T o e wyee} . .
sdpporotus: ;.AOL wire anemoretor

zc‘llllammcter

' 3.heostat

4Jihecatstone 6 1dre

('\

5.0C power supply

o.dalvazometer

TeVacuun tube m 1 volt 1otcw

GeaC aﬁpllflbf
G.Cocilloccope :
3
E
b
. ¥
A eI a e Mlim w2 "‘f't;“'"’v’: br" T+ =4k o oot 3 14 -3 - 5 g
croccedure: - The wresistonce,Re,of the ancucumeter circult moy be Tound
at room tempercture by baloncing the vheatstone bridge.This:velue ie rood
4

at 1.5 volﬁsgulmllmrly a velue of the anemcmeler circult recistonce,R
) e

&€ drop times current of the hot wire is made for a czlibrotion of the
Y R ~ ! o ' . » \ ~ -~ 5 .
not wire cnemometer.the {low vel : crensed and the velocity

0
var‘ation may be scen on ‘an oseill

{ .
1)ilot averc e velocily versus volta o ¢rop acrozs the hot wire,
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2)¥lot veloclity

vire.

R T W e R TovTe - 2 ¥
times deltea P oversus veltope drop

3) 21lot vel oclty

4)Scateh different velocity variations ac seen on
‘ b 84 VLONLS 28 feen on

70 Mﬁrvﬂffé'/"gfl{

PRESSYAL ALGULRTOR

TR RIICRDHONOLETER
2! A TN
—
FRO : TR
COAIPRESSOR : g
] —
— —— - ?%-"?‘ffG {955 FYBLAG

3’@{ é—"/ﬁf }Dﬁg{’,‘im

g, ExP: 304

&;%

e

¥

bows e

1
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TYFSS  OF PIPE FLCH

Cbhiect: The object of this
jec v obje i

o~ = -

Uroenizotion of student ﬁoup

1)Flow equipment
2) Thermometer

e

o

e

ZYVizcosity curv“,for water (Poste
{)stopwoleh '

1

TN Ty Yoy e i a
5)Ducket udé scoleo

Prrocadure:

LeTwo distinet types of Reynolds rnuiber deterninoti
‘ ; 1

v e e ey
C‘.'\u

wr flow,ine

PR N * L -, < A P 3 . L} 1. -2 ENN S .
ve whother it  rowe or igo demped.it the aignest flo
i gtill demped, toke

which the dic turbﬁrcc is
o

“ﬂamb X

2. Zaoch roup make ¥
2o fbe inside dlanmclter of the tube is the cq’rﬂci' iot

ca“ivarﬁrts Tor Honort:

neasurenent errors
ates of Flow.
ne disturbance

ond hew to ovoid them.
speclrun of

-

W

I.Lo
8 At

minnr ©low-

Dixiqe bne clase inte

cxperiment is to observe the type of flow
in & pipe at various Reynolds nuibers which dcfine the transition bet -
ween lominar and tu rbu1e T Llow.
ieference:  shames “LcnhhiCQ o Flulds ,&rt; LC~I to 1G-2.

oups of D oor 4

1 the Leb. well)

czre Lo be used
grecuclly until
to determine the

ic Jeon; th 1o b
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out or is produced only when tube LS Doy -

Ce 5o Turbulent Flow - no lominar flow cwisto.

C. Bescribe cuperimental technique,i.c , bangs on pipe.

oad

o Mlculate L”e yfrom the date for cach valuo«sepcrﬂtely.

(oeh student must meke his own independent ccleuletion )

uenesal nomorloe

[N
-
~5
b
-

ieratel

w0

Stude ntﬂ will probebly have fits with unit

.I

valucs.iie prepared to strai; huCR then outs

2 udoltjcl flows - Gisturbence muy bo present,but cither dics
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PIPE  TRICTICH

Ty e i & 4o T e o
Erveriment Wo: T, 306

Y 2 ol Y~ = - o 3 o - 2 ain o - e ey - oo e} wy e
Cbject: The object of this experiment is to obloin dota relating
) ' e -

pipe friction factor ,f,and R 3n01u mumber e, Tor flovw of incompressii-

Deferencess Shamsb,ﬁechanics of Tluids,Art .10~ ~7,10~12,nder ~¥luid
.echenics,fourth cditlon, Art.6-4 to £-T .

Cf'?ﬁl”"‘iul of Student Croups: Divide the clacs into 8ix Lroups.rour

rou S ocan be‘ccchicd on ihe,appér&tus,wnlle the remeining twe perlorm
caleulations.The group can then be cycled.A suggested scheme For si Sree

a
.

ups, 1 sted as 4,5;C,D,E and F ic

KWRTER AR lcALeuRTIONS

T e L KR L o o . » ;." - i e ‘~." . AT R
’m eory s The plot of friction fuctqr &g’ o function of Reynolds rumboer

Tine 10-22 of Shames) ig sewelly o comoil&tion of many ewperimental
rc"ulLu,LJ crder to goin an understonding ond en apprecistion of the uwti-
lity of this plot,you will compare o curve of [ ve. Heynolds number ob-

. 1 )
R . S 4 - v deley . PV R > IS o , ~ H SR L]
wedned in the laboratory with that given in fig. IC-22.tThic v

o idea off the mag ituﬁc of the vacvw entol effort represented by this

ey i Loay e e ) ey e o~y Bal -~ - - 5
Dparatua:  lesdir and water flow pipin

2. doroneter
e Thermoneter
b3 LOD ”_«"LCh
Serail

steel tape
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Jeoceduiro:

the presosure Ofop

if.} Lo
probably be nec
E-10,pp.IL7 of Eind
booed OIb Up,

5 T,
Y: fl‘\_\,&e

“in thie tubc.

& 0 SN co PR, Ay
o The final Gy nolds

-
V‘C‘ LI‘O;.. 2 ‘..
experimental points

I JS T
curfc.:lou oir

-
LATES.

This cxneriment reguircg the LU1L cooneration of esch nc”“OQ"

3

tec finish

1=
¥
v

orusy

ond ¥

w‘

(0B EUT RIS
bo demcr@¢“c@
or the center of the

er.ln fi0.8-1C, V/uy is loito% versus beynolds

s
1 o
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FEREE: REN )
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*vga tre flow

~ - vy e
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e
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tor from Lio.

o -y

NUnpox

m 1o the :QJikum veloelty «nd V, the averso_ e veloelly

number end Triction Tnctor wust
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Heouirements of senort
I.The complete report i oru,as indicated in LCLCT L aotes;should be

follO‘.‘JCd e
2 3xpled ta“ vc7at“on ship uoz\cbn rynan1c pressure and vc‘oc*uv

J.Plot the dynumic pressure proxlles‘xorutnc-cun:olo
4or2ct  glat rh““ur iﬂ in. of weoter jage VSe i"‘*ncc clong the
test scetion wall, ; ’
. S.Caleulate oxial pressur rraxicnﬁ.( 4 sceteh of teet_SGc’iomgﬁill
be reguived indicating the él&pe of.thé ch;nnol)gls tnei@ressu:c oralis-
ent posi iv»’or'negaclve 7 _ | | | |
C lzte the free Stfeam velocity in

Teligcuss ond explain thiﬂLT the well shear stress increcocs or
™

>
reases clong the uP317'1“77
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Appendix to FIL.IENP. &C4

It[is suggested that 2 wﬁter table Gerons trutlon-of cGiffwer sepero-
tion eué the viscilous subloyer be made vt 1ile other ¢ “oup‘ work on th
wind tunnel.The following sre some of'thebconcepﬁ“ vhich con be demonoti~
roted end discussed.. J

o) Zifluacr generetions: _ :

1) Jiden firs“ onc side ol the diffuscr znd then the other to Gamonsid
rate DOW o region of fized stall aticches iteelf to the well with the
Iﬁrgect diffvcion engle. - |

2) With e “y&mctricél but 11r ¢ diffusion engle it 15 difficult to
predict which side will. "Lall u:o uihll pgmtern con osc cilate Irom side
to side. ' |

b)tbc lrminar ublayc the viscicus subl ver, end the transition phe

onmenon

1 YLapidinor

Loy be 117uutWﬁbed using avnarrow aiffu

subloyer - lizke @ dye" {race across.  the bottom of the chone

shead

nelﬂ foXil

59

acr

the surfa

-~ . g

a3a43 O’J.'E

oy
(-8

the contracbwon.noulcr hom;the dye spre OObAl

ce of the g Asss chennel bottom.

2)Viscious sublaver - Licke 2 dye trace  across the bottom of the
chznnel well dovmstrezm of the conire ction.Notice how the b* Tors
“smell vortices whose axis line up in thc st“ommW¢ue 01rcc iome

¢} froneition region t -

lizke dye troces jus dawnstreamJaf the contraction on the bottem of
the chemnel.You shoulé be able to inject dye into resions of local shell
cuch that the dre will low upstresm against the nain current.This 51~
lustrates  the actibn of the cdverse prossurc.g”aéiant on the lominar
sublayer,i.c the fluld next to the wall ig brought to &,h&it and then ic
revefccd in direction cousing @ cmell stoll region.The bouﬁaury lfvcw
then attaches a short dlStancc dovnstream. .

Hote: A Turther QLQCLQSLOJ ol the regions Tlow listed ghbove moy
be Leund in the pape¢ by q.J.K11ﬁe and Poi Rﬁn adler '"bou“ preliminory
‘results the vigusl studies on the Tlow 10&01 of the wall laycre of the
Turbtulen Loundary Lﬂver”’ih Trans.ASﬁE,sew1e~ Jourﬁew of ipplicéd.
rechan cs,molaao no.2 ,Juﬁo,l?ﬁ?, pp.166 ~ I7C. |

ST
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o ,D‘aleb

Apl. £xP: EO%

IRTH  SHeET

- Dristance from

wall, r7.

Speed 38//)'0‘/0

520_ Z1’0/7 - Stlation
(P--R) ‘ PR =
i of walter in. of walter

" Jannel No.

e

Station
-5

sr7 o/ ez [e/‘

0.05

0.10

0. 75

- 0“:20_

0,25

0.30

- 4.35

D 40

., 45"

p.s0

o585

0.60

085

2.70

0. 75

4.80

. §5

0.90

095

- 7.00

" Séalbie Pressure

\S‘Z(ﬂ-‘t{t '0/7

Bitm. | 7 2 | 3

: feadr)y
‘ /”'., o/wz/ef

‘Ga, Press.
0. f walter
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COLPIBSSIBLE o LG '15' A CCRVERGING WQZZLE

fihoas rﬂmont Ho: Til. 605

Cogoc*' ‘The obJject of this experiment is to observe the

a converging nozzle with fixed inlet prescures and veriable recelver

pregsure,and tc compare the critic 1'preuuur r&tic; with the predicted

“Referenée: Shames,ilechanics of Fluils,Art,13~2,15-5,15-14

Crreonisa t¢oh of student :roups: _This mperin Q% is condu

i

rﬁhe?ent'”ﬁ sroup.The instructor'ﬁapipu LCJ a1l of the vclves ar

c+
(.3»

5 crt reté the Atpouet&r" wﬂllﬁ‘ anothe r “*udcnh o cord" ar
t ren on the blgc bourm

ucnératusi »~.CGnVér@'bg ozzle mounted to the wind iuﬁf”l
| S Lonometers '

Y uum pump

mn@rfometer

“‘r01ct0“

Procedure: .

IT.imple time is LVE 1]“01ﬂ,in le.?ab io”v pericd te

[ [ S S PR, 2 I
\: Tun throusnt the

exporiment several iimes for effcet before tulking doto

Lty U0,

*E.COﬁtrol 211 volves slowly . B ’ i
‘_,B.Operatc’the equipment while‘remiiﬁgs-are recorded by coch student
on the ‘data and rceoults sheet.
i . R )
4e0nc set of readings will be talken with the receiver pregsure woll ‘

[ WA ]

,beneie c&reiully the behaviour of the threat pressure with doereasing

(e

6,3,115&1 s't'of um'0 will be L~r0ﬂ with the lowont rzeeiver

pressure attoinable. ,

L B LI - - i e L] v

f.iote that 2o tb“,cw“auyc cUrrﬁctvou nced be applied to : boroeno—. § |
ter resding. ‘ " |

v o e e S g

RIS e
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Foequisymento of vonort:

2 moledn the Lol apnorting. ,

b) Tohae neccopory duts to i1l the data shect

¢} aewlt the necessury celepletions to £111 the mesulie shocb.

&) Discuss sources si error,accuracy of reculis,oive reasons iov

deviationc. ' o
A
-
:
A}
o
[
i
i
o

]
g
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AI.Bd)‘&/'?E/‘/'C . /?~e.s‘50r [

Gape Ceadings

; | Abso é//e | /—?e’s;akresv

AL X Bo s

DATA
Dé/e N k -

S HELE T

PRI

Date and Pesuls:

/PQ om Jemp era/qré’_

Group’

) (llm'/s) i

(Zeches of atercury al foem /g,;,/gerazé/re)

kece{'ue -
P/‘es.fure

p i Marbome/elf ,feac//ﬁg-?

Rimosphere

C‘a/}c//;‘,'on o Inlef

fbove
Cn'f/ka 4

Throat

ecerveér

| V21 /o, |
Cridical

fecerver |1 o
L fessur€ /7(/‘;2 o3,
(e 00'0;' '11('0/7 ) [~

‘//’./‘fv/ ‘~,7?5/~0él"

Pece/'yer .

1?0/705

2 [Zz 124

Pbove
C/'/'//'Cd/ 1t

A

gé/aw -
Cr/'zl.Cd/

(‘a/Ca/Z'z/édv‘ Critveal /?esfare ',pdé'o' | /[0/—, - A= 7% L
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ran ey ™

; RIS
Q&.)AJ.AJ-L.-’J

*
i
3

W
Sl

Clun

S LU = AN A S el e T

Lo GUCTL - LG QUJeCT T on THILS i“,x.?)m ment le Lo Soe GG

SRy . b , LA

PR L T s wpd e S ‘ ) : syr et N

obiical 1L flow visualizg uloﬂoine‘«Callvrcn gyoetem will be do-

}; PR SNSRIy - ’,A e [ E ‘.' . daat _.' RN : -
,L@x&wuteu,ltum zfleeting and v 7thﬂxtkmmumk,opuﬁal:vstmm

References thhcu,ncc nics of Fluids,irt. i3-I2 b I5-I3 o

Appendix A~{,pp.528 - 535 ,

t .zouvs: Y

M

vrocnizolion of ¢

Apparoltus: Vacuum v1rd Lvr 2l svatenm®
' ) 1"{3@(-11,.:.

Cther schliecren cpparatus

- Procedurac:

I.The instructor i1l operate the equiprent..

2.Flow cround one or more models in the two-dimensionsl supersoni

- o% zlc will bu demonstreted. -

KA

Je.dree dot flow from o converging nozzle will be devonstrotced.

o Bugmestions:  fhe students shou1ﬁ look Ffor the ¢017O”lﬂb point

~the scehlieren ﬁ;;cs;

. | I,Two—cmn:n5401¢1 noaule
a)ittached shock Lizch sngle
b)ietached shock

c)Disturbances in wake
d)seperation in nozzle
¢)Izpansion waves, |

+v5tanaiﬁa n01:u1 shocks. xhc» no 1"b¢ocr”"une 3

a)Hepetitive pe ,tﬂ%n (compm t’thvf%a.13~23
,b)foect-of varying rouaTe inlet press

vide the class into two SYOUDG.e

ot

{=ts
I3
¥

G ‘:v; &
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Reauirenents of lleport: S ' o

I.0raw o sipple sceteh of the two optical systens uEed. o Z

2.livlze o rough estimate of the iach number ot the lead ding edze of
diamond shaoed &odOW.roLc thet the included anbleloA the lead

-

is 15 degrees.

1

-
r

\,C‘ﬂcl ol ~w:m:;r’ ey

It is advisable to. ‘experiment with the e mulpthﬁ bc¢ore Ph;ﬁlu the

L1
b
exoe*:menL to ueCLrb “cll deulncd flow patiernz..
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FLOW IN OPEN CHANNELS

AT

Timerisent nos Tile 70X

_GCbjects The object of thms cupoT neut ig to fomilic rize the
student with neacurenents in open cho nnaT Alohu oné hydraoulic guro

. v a . ‘e - - T e "
Reference: Sirecter,Flu iq sechznics,pp.Lio~12

O
-
W
[88]
.\1
\4‘
Q}
)
Q
dd
Q
)
=
ot
g
O

p.220,%23,324 ,0n V-notch welrs

Introduction The measurecment of flow ulucn,r ¢S in rivers,irrigati-
o1 Qitches,flumes and spillways involves the use of such devices oo
1 he

o
¢
€]
12

¥
c...t.
U
9]
{..J

cod tubes.3luice Jates ave ussd t

QLA

P
welrs,depth goges,end tota
1

O
1]
4
]
L1
o]
[
I
M
<t
)
!_!
s
&

the Tlow in open chcnnels braonching off o main flow
Approximate theories of the cperation of these measurerent and ceontrol
kuCVlCUu are foirly si uDlC,but “QLy moderately succevsiule.they are often
used with Chﬂlrlcal cerrections in enginecring colculations.Precise ond-
~detailed theories are very'cimnlic&ted (vhen avc;lrolu).;d use of tho

welighing tenlr and o stop watch it is poscible to calibrate" the welrs

i.ce.make the cupirical corrections rnenticned above.hinoiher check,con be
made by surveying the Ilow cross—scetion with the totel head tube,cit-

her u*ut“":r or dovmistrean.

ho
— ] Sy ayeam €r e cre s . T Rl RPN
Hycz “ullc Jups are weves in cheonnel flow

e

v
cese in depth cocours. e flov veloclity echecod
e

than (e),the speed of smell surface (ravity waves (c= fh,vhere:h=deptn),

and Gownstreomn the veloecity 1f less thon the loecl wave specd.bydreulic
s Lo super-

Juips are anclogous to shock waves in _ases where the veloclit
\) i ‘ C

sonic azhead,subsonic behind the cho

ftu
-t
v

vhus: Flune,recircula

01“cu1v,vcx“n1n Toank
90 deg. trionsuler woir '
Depth. goge '

Total head tube

Pressure iéps in floor of Tlumc
wanometers, stopwateh L

okulce gatc
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FILUID  LACHINERY

il 20X ¢ West of an air coupressor
(some os prescnted in experiment Fil.05,Pert 1)

e "y [at PPN Nal N 3 et e e
i 802 1 Test of o tripicx punp
- PP W B SO r LTy L4 -
(same zs precented in cxperiment Fil.G6,FPert I )
2 n a2 o s i S Ay vt PR I e N
Til ©C3 ¢ Test of redicl fon with Torwardly curved blades

e o

FlLCT,Port 1)

in exneriment
- . - A ~ Ty A
n vheel zodel runmer

- - - 3
same oo presented
0

T €04 ¢ Test of o Pelt
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=sT CF A PELTCH WHEBL k0D ©I RUIHER

Twneril ent Eo: o .oCd

'Ob]“CL’ o obtain charecterictic curve 5 of the model runner under
~ying, conditicné of head,discherge oand lead and to ¢ Geteridne the
c

icney of the runntl.

=l
{
A
I
A1)}

- e r 3 ,.,‘: L ™y oA
enloor oné Hishtmire Poe o4

. i -
neforencgs Hunsalier ond

@ for impulse vheels(assuming the nozzle

, e
as port of the wheel) is

-
L}

rosch Ve LOClt“ head plus. pressure head . LOOKiIng upon the turbine

as o ,the discharse W suld follow the lawe of

ice
dischlarges through orifices uncer veriable head. Conscaquently,

7]
(9]
(‘\
[4]
Ca
}_.l’

jurk
‘.J
O

(" 3

J

o

-
.J
o
5]
ot
o}
0O
iy

where,C varles with the vulus of ¥ ,the 8t

]

e
M
o
0
bt
g“\
}_J
‘,.J
a
]
Q
(1)
o
| =4
et
o
o
o
0
ot
°

mesouring dischorie than this formula o3

The poweT input to the wheel Wil

FUNNCTY COorrest nding to its novinsl di-

aine! c¢,y(to centerline ¢f vockets for impulsc Jecls)mey be crprosscd
in beroms of the VI sloc Lty’COTIGSpQLQinQ to the effcctive heed } )

(theorsticnl Jot speed) by e

\
wherc:97iﬁ the ppeed roetio op polotive von Ay
betuoon i cnd Q.47 Tor the Lopulse o S

TDN 7 DN
/(p_ 2/{ = e
~7Z FE4O 14 ,
R RTErAIO R o & 0nEw
[0 }.“ic'i‘

volud of V

cives the -u1l lond pointle

-~
3 LN AT o AR S S
RS S LA BR ‘.;L'_:].t_aﬁ SO0 Ll e

NSRS S s
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2 - / .
(2) &= &, D77 7 LA £ L {dis ’ﬂ“?“"f: cociTicient)

[ 1 0PS Rl

TS P R ST U I IR,
At lmopectlion oil TiL Lnro

o I inch wheel,neting under o L £i. bead.fhere ere evidently on inde-
Tinite number of values o::’f»l‘-fut;f’&iv;:znc’i 2, ,3’:‘03:- a ¢iven vheel,dcepending on
' cote and speed.iheir z'&:n‘_j_c;s &5 ﬁsu:zlly Adve i Tor a type of wheel.Reler
. ther thon the Tull load pdote(fate

to the full _ate (woxivum T‘O' dokiad) ra
setting for best eificiency).
These coefficients are of sgreat iiportance ie the design of turbines.|

s of thesc values for efficient opecrstion,being lmovn Trom

i Le 1t
tests  Tor euch type or'scerice” of whecla.quotion (1) ic uced to eel
the cize of wheel required Tor o .iven velus of Huosquotion(3) ~to seleet
5 wheel to cive a certsin MP.Dy cocbindng these coquetions,s’
single relaotion may be obtaincd toking onto ccccunt both o speed end po-
llovs:

e = N (specific spoed).

v

Asglizning unit values to HP and ,I? = N .This meo:

o
[o)
fic speecd is the specd of a h*'po‘thc czl vheel of th

}.

ering 1 HP ondé e 1. head.It is o consitont for ony

iRy " + 1 . -0 5 5 B . -7 V3 s ate o Y = e by ey =
Jor the dupulse wheel,the coellicients for cliicient operction chould
+
. :

o
hove values (a2t ©ull ate neint) in tho fellowing ron co:

By, = 80C ~ ICCo
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In testing

tur
showing
been seleeted

cs viould be held in practice to indicste
bing,the values foun
thet for ﬁ“is»t*

C.0002 ~ C.CCC5
P = 0.00002 - 0.0CCO5
H,=3-6

1

{

i

a model runner under conditione not corrgsponding to such

-in tests mey well £

ns

°t-00ﬂuic1

+o be CO“YCSDO“(JP'l” lover

LY

;)‘LL co

Plot lines
the re_ ion or

7 o~ LI
l\u 9 &;u y IUDLE

Ch oiven head
conplton

-1
that

chtained

y and Tor

L(\rc1 L cal line),but

&
Ver L‘.z..vt..«

P e 1

} n.‘-‘..z.

the

SEVLr

thc

wither wheo

of

choicc of that tyne
'zl cutsidc these ronses,

“hun norinel.

-l_LA

ol linc,depending on the verying.
ef®iciency celeuloted

lency by intcrpolstlc“.*j poSylible

IOV BHD
efficiency =
TUTITY
i
of cqual effic
point of beet efficicncy Lrom

O

,eificieney,specd raticy; I
[

4) Zepest the above procedure for cach
_raphs coin boe combined into ong.
feiinal vheel diamcter
brolke crm o

-
o

ricw

RPN T
U(. i.l,i)-.

snd results.

-1 o
1 vziuce of
ey SEE A N
f;:J(:'C(.;, el L

Tor this

poirte

the

u

| PAGE ZDZ»-v g
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