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i The object of this experiment is to :nve[';_-:_.lg_aj,the loss of energy when water flows 'E'fuuurrr
j pipes of varying diameter and rr:msfness The different relationships of laminar, smooth
iturhu ient and rough turbulent ficw will be studied. The Darcy Friction Factor {f} will be
{determined for different flow rates.

@){ For the purpose of the theary this page shows a diagrammatic representation of the main
equ:pme‘:t needed to undertake the investigation. You will require the following items:-

7
yﬂvaﬂ'@’u%naﬁu;u ey r,’u ts u/i_:m :,,.'Lr

5 —

2 Flmd Friction quﬁﬂment S St E-;uh,...rr-‘*'-’
-Stop Watch e [(_w;i mr_;)

- M235ur|ng cylinder o SN
- Thermometer (Z:c,},. .

- G‘J{ It will be useful if you uhtaihh'a'prinfuut of this diagram, by accessing the above PRINT
rectangle. After you have studied this diagrarn you may scroll this window to mo e ontg the .
Theory Page. R '\_{/,:r'ﬁﬁug.ﬂ.mul lrprﬂa,_,c,,n,,ﬂ;. T ,.:6., fjm,p H_,.r{u,__ﬁ,j’,fﬁ@

THEORY

Nomenclature:

: — ¥
B = acceleration due to gravity (3.81 m/fs~2) (Jare L

Z .=he|‘ght fm;-n .hnrizn.ntai datum- (:,;1;1&{;;1 _

Hu =Height in upstre.am piezometer abevé the centn; line -"’f;:“y {f EL%)@JEJ
Hd = Height in downstream piezometer above the centre line W e J”;: o ’J/' i)
H =Ho=#d /

Hf = head loss due to friction in metres of water Cor ;ﬁx&wi%:ﬁg

u = upstream suffix 3?’ Lf’_-f"‘x-’w-’;’

d = dDWns.tream suffix ?15(}5%)"’;
V = fluid velocity (s
P = fluid pressure UM{:
p =density ...;_.Jf,?
-

Q = flow rate 5
‘ M_ﬂ/’

- : - -
A = crdss sectional area /ﬂm"aﬂé
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1= i .
D =diameter of pipe A s i / /
L L- ! : ”: -
Wis = kinematic viscosity (= dynamic viscosity [ density) ———-,—_-=~ ”‘*’”’) “"’F o=
L 1"'- .-_._.- i -"
% L =length of pipe pﬁt,],c'«"
f = Darcy coefficient (British) 2 C e
Re = Reynolds Number k2
/'ﬂﬁ / F Y N -
T =Boundary shear stress due to moving fluid’ %W&“’
= e e ———
Ph = Difference in piezometric head. g ;,r st (e

{Piezometric head = Pressure Head + F‘usntlnn Head) Jyﬂ{jﬁ =, t_.C_Fu{,! L q_,..#,; &,.4,1)
theta = angle of pipe (to horizontal) r;. ffﬂ’ ,.,',; '

Pi =3.142

X Three wpes of flow can beﬂisﬂngu:shed* = 3"{’ Cﬁi_/wa &L ‘r
LAMIMAR - This occurs when Re < 2000 \/ C/?E{ Tows r-w_a_’p \__-%Pi)

: .SMOOTHTLIHBULENT This occurs at h?gher values of Re, but when the pipe rnughness : P e

@ projections lie within the laminar sub—law;_;nd the pipe roughness hgs/ na effect on the E"
1 .@
value of f or on the discharge. (_.ﬂ:.ﬂ Dol Jy;r U C_)f‘%-”/ﬁ e e ,BE ,»}J:-.n..: ("'J Fr,

T e w;\.ﬁ'/’ﬁ;:ﬁéwi Z""‘J’ ,-Lﬂ'

ROUGH TURBULENT - This occurs in@ p:pes The pipe ruughness ndw significantly

I i

affects the flow and the value of £ j Iamlnar sub-ayer is now thrnner thaﬂj& height of

the roughness projections. C.ir"’ -ff""!(-ﬁfé-;/z’ '!"z,fﬂ“‘ ol G- 'j’/-l"?-'*’fx :f’ﬂ},.o(pf FJ'JM%"‘;@
-._.-/"'*t;:l-"c_#f"'_plf - L}bt’jm@#ggnr'.‘—ﬂ%

 Reis the ratio between the viscous far:es and the inertia forces. ltﬂ shown that:
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Re= 22 8o Gl 51 oy fy it 20 B ( )£ c,..;;,fm (4C)
224 gﬁf,.;ﬁ_ﬂ-iﬂf Jﬁiuﬁbﬂygﬂ’eﬂé Gl eyt tly
At a certain Re value (approx 2000) the viscous shear forces are no longer powerful enough

@ to maintain the orderly laminar type of flow. The forces produced by the momentumn of the
faster moving particles then take over resulting in turbulent eddies throughout the flow.
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Considering the equilibrium of the control volume of fluid of length L ~+% *‘Lz‘ JL&H’J} Wﬁ&djg
T PR E :
't?.r/i‘a’:{.b#*i’iezumetric head u = Pu/pg + Zu

,:;t (5?7,;,'«&;;: Pierometric head d = Pd/pg + 2d
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L]
'

% = -
J-;r*if.;"’} s Downward force on upstream end = Pux A
) i
)‘_’/ YL+ Upward force on downstream end = pd xA
ALy ,-f@t_,_w-/fﬁraviw force component due to weight of water: .
= AlLpg SIN(theta) = ALpg{?.u - Zd)/L

=Apg[2u:- Zd) - s - i /__'_/ »

Summing these three force components in the direction of the flow gives: \Eg/‘-f-r'f-'
g (_P‘-g-*):‘ Total Force = (Pu A)-(Pd A)+{Apg(Zu - Zd])

This force-is balanced by thg shear stress Tacting over area Pi.D.L, so the opposing total
force is T.Pi. D—I.—E uatmg the hvc:- ba!anung forces and dividing bo h/h sides by {pg}

: _ {pw}nnz{ P e Zd] ]-”‘"”“ - U""\/U"‘F‘

(/ /,bw_w;?%# st T 0
substituting 1. gwes;/i,, ﬁpp,

F‘h--E i .-/ ,-f” ,_/J
a“pg . : -rﬁ‘:k,{ﬂg,Jgéa'\f_@/@-iéﬁJgh.w%

Ph/Lis the rate at whnch total r—:nerg-,r is Iost Smce there is no change af K.E., this is equal to:-

ir . i A
7, = 1 = hydraulic gradient and therefore:- :\(yj}?‘fmﬁwf

E .}/
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Experime %ts in the fully (rough) turbulent flow region by Froude and others indicated that
@ the drag resistance and hence T is approximately proportional to V42, This led to the

*

assumption that:

i
T=K.¥*2 where K is a constant of proportionality. (For the laminar flow region T=K.V which
mdu:ates that K needs to be Tudlf‘ ied for d:ffermg flow rates.) Therefore: s
» " . _'A,l'
*ﬂﬂx“{»ﬁ’/%;@! Tk ool hrlste) Z) i Cpr K 4 e
\—/C// M 'ﬂ_,,ll":ll-'tv '(\;u"ré'[;d{p‘)
Hf 4 20KV =
L Dpgazg

However 2gk/pgis also a constant and is known as the DARCY FRICTION FACTOR. Its symbal
is £ (In fact f is only constant far rough turbulent fiow). Rearran;nyg gives the DARC‘r

FORMULA: O‘,J u‘m:;/,,f;ué‘ ,,,w'”,rg..(:_g,w; w'u.—, Lb El-_ﬁ,f"s/ﬁ ('_,I'&-)m:/
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since many practical flow rates in commercial pipes are fully turbulent, the Darcy formula is
@ universally used. It is however equally valid for all other types (smooth turbulent and

laminar) provided the appropriate value of f is used. {Dimeﬁsﬁ?nal analysis shows that fisa

function of Re). This investigation is concerned with flows varying from laminar to rough
turbulent. h Crzs

s i
VARIATION OF Hf WITH VELOCITY

If a graph of Lugl:Hf} againit Lag[‘u’} is drawn, the fsult should be /a Et’r;lght line mdrcatmg
_ that the I'ElatlDI'IShlp is of then forrn S (_,L--',..L,-,—i r"-""'”-i!#'f_.ur_;u ,\,z"i,..ur

Vfc)&fﬂ/éﬂm f}'{_..ﬁﬂu__ﬂ(
Hf=CV’ {smce Log(Hf) = Lc:g[C} +n. Lag{vj}

- . {,)' ) L. H_._,Lx,}r/,._é"
; [”’-_fffr{tl W<
Results shvn:-uluat show that for Iammar ﬂow n=1, for smunth

':jp Y TS Ch!..f L.
turbulent flow n=1.75 [apprux] and for rough turbulent flow n=2.0

: i )w‘erL‘U*"Q’J beg M= ;\L‘:
{apprux]:‘_ . . : I :

e

VARIATION OF fWITHRe . £€ ¢ ﬁ:,s;

If a graph of Log(f) against Log{Re) is drawn, the result should beastra
that the relationship is of the

Vght line, mdlcatrng v
1 (,_,.4#2{ ?u?f-rf.#.-iLJ f’f"’.{i&?‘ (,.».-?J_sv"r‘:r {fﬁl{ J &n,: ﬁjdﬁbﬁ’fy’f
form: - ‘
f=CRe™

Results should show that for laminar flow n=-1 and C=16 (Log(C} is the intercept). For

smoaoth turbulent flow n=-0.25 and C is 0.079. For rough turbulent flow n=0.0 {grapﬁ
hmizunl:alliyld@iepends only on the roughness of the pjpe
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{ MANOMETERS:- Differentia! manomelers only record the difference in pressure head when
R T W ]
- | the tapping points are at the same level.if the tapping points are at different levels the

)
- | manometer will recnrd the difference in F‘IEZDMET RIC HEAD (sum of pressure and potential
] fread) ?
bh:"';:"! -'"‘T‘ k e /.f{ ;/-._'_:C{ i i
: * For the inverted WATER Manometer: i p.
. —— NS e
s Z/LL%»L:E{,»*}&;JL#M‘
a2 oA DIFFERENCE IN PIEZOMETRIC HEAD = DIFFERENCE IN MANOMETER WATER
LEVEL REA m’rms
J L[S ?
Far the MER‘CUHY U Tube Manometer= U it "’-‘"‘”’f‘f’lb
/- oo Gl
U,u#_p,w/.-f;-’f_sﬂvf DlFFEHENCElN FJEZGME‘I’RIC HEAD = DIFFERENCE IN MERCURY LEVEL :;"P o
— s e.,i\ Z

sl ' READINGS x 12. 5

Uhgﬂ Jgubf’r&’i@ Pt BOE e c:_j,,m/;xa L3 c.ué/'w \'_*-/"@
_‘r"zl‘:ﬁ};‘u L"JMJL L'/ --. / : 6-* gﬂﬂ iw&wﬁy AJJ-“ALI%? &)ﬂ"

.J,»-‘Uw.pf 'ﬂﬂwwl‘%& ;.é'eﬂué f-.:}{p—“y; i:g.t A’_;f}vg.;&‘__,fy‘?’ (:E’FCLN/J"L-{’{:/E‘J
'é--b th.,.n'l ,:_:1 oy . i
radi Lo o D ._‘_'_,\_,f
Use Fluid Friction Equipment to carry out the following procedure: (JLFPJ"J’ @J 2 ?.-ﬂ fr{
S C{'}{_m“' _,P:J' H”l {-dr"

3

ane the pipe netwc k with water. Open and close the approprate valves to abtain fmw o[
2ol el ),_,._E{
water thmugh the requtred test pipe. - \/ Faat 3

Measure ﬂc_:w rates using thg volumentric tank in conjunction with flow control valve V6. For

@ small flow rates use the meaSufing cylinder in conjunction with flow control valve Vs (V&
closed). For each measured flow rate record type of manometer, Hu, Hd the heights of fluid
in the manumeter tubes, 111& cumputer will then be aI_::_if_-_ to calculate:

_Re, Log(Re), Hf, Log(Hf), V, Lng{"u"], f, Log(f) for each set of readings.ﬁu!:*ih‘f-jr’f‘“jg

{Graphs of Log(Hf} against Log(V) and Log(f) against Log(Re) are then drawn to ascertain the
different relationships of laminar and turbulent flow. 2

e '\]‘ You should ensure that you calculate one set of results for the first set of readings. These
results should agree with the computed results and be included in your report.

w’éﬁﬁfﬂw%}ﬁcﬂrum&myw K in, ] (95 48 Oy o) g (1) 2.0 @
\/Cﬁmffwfwuyﬁ;ﬂwjﬂt{zb P ZWC e w,‘_'::f-rg,?/ Ew,j C Vo _r.(-_;f_: ,-a_Lt:'@

QUESTION 1
The reason why pipe friction can occur is because:- )i:‘” /r r:ﬁ" ¥ {_,u}; e a2
=4 _ o _ 6
a) the water rluhs against the pipe sides s ,;EL;@{_ Sh % (@ -
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@ water has viscosity R (b
s
c} of the high pressure f}?/ Lor /

42 PRI

d) of the effects of gravity SR AL 4 St A st Sttt ol 25 Che @)
/f

{___..-I[L.-H.,- "_5"-:.-- ,_w; -'J,..n".drz'-"(:_.-'r"--..' __))-_I_,..-.J‘_r' o Wr{(-.]:jf

Answerabcord
. (;,e - oL m,;r'-fgx/a;,fﬂ—*. e u*:»u » er.%
The correct answer is (b). If the fluid had no viscosity (an ideal fluid) there couldbe no
@ friction. The fluid in contact with the pipe walls is stationary. (A fluid having no viscosity is
often called an inviscid fluid.) 5

QUESTIOMN 2 o
Tt g / ) &
For laminar flow the friction is proportipnal to:- Lwﬂ-—-ﬂ" Lo Ué&éﬁl‘“’_ T T
‘72‘ : ; i
a) velocity squared e "‘:.j’""i“' & {q o i
@uelnmty (b e i
. alEre . : GG ; e .5_' % 3
- c) Reynolds Number raised to the power 0.25 o "'{F’ A ’f”jj# I:C'h o
d) Reynold Number squared 2 A.r"/?.»ﬁ' (—i;. {([
Answer g,b,cord . : .
The correct answer is (b). See theor\r (Note for Ful]/turbment flow the fri Ptlﬂn 15
e
proportional to the uelocxty squzred}l L umué&f’ﬂb‘ .!.hf:(—”- = .)-"' ot o al __g_ﬂ "‘5_?0 ol i
—_— s L
QUESTION 3 ’ & e !
i
It is important to know how much energy is lost throughy py:le fnct:on fcg;nanv reasons. I8 i :
Which of the following reasons is INcorrect ?,-“zC} Ji!,'(-""’aij’ffb' % =1 ,.,pr x:,df’ h,’;iﬂif"s, 3
- = -
& I e 3
a) to choose a suitable pump for a piping system x:{r*rﬂ"*b“'-vﬂ""*‘-";‘—" Clel(q \_7 gj 3

b) to establish the power consumption of the pump f;/j’; L’)*"-"Cl{' :_.gr"" (b

B

c) to calculate the size of pipe suitable for a piping svst'e\n:/:‘,'g); Jrw-«--*fa:‘:f‘g N S LY A (<

d} to estimate the life of the pipes in a piping S?Stv’# r:./(__,{) M e 'E ( ﬂ{-'

Answer a,b,cord ,
The incorrect statement is {d} The frlctmn does nm cause any wear of the pipe. The friction ;
occurs within the fluid. ;/Uwﬂgﬁgcp{} U_zé,i/r,.y gy oY L"'JL_J‘:('{ yl—dj .3[!’5-;-":1_).-’}:? 5
Fd T :

CQUESTION 4 — 5
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The piezometric head for water flowing through a pipe is: ',-’,’5 Fr:,iu ("_}f’f:;,/:,/:,(_,, Jy}f, v ‘
0 : E
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o Pyt

. . s o a e -
a) the sum of the pressure and velocity heads. - Les £, G2 fral 5 (o

-~ e

] ¥ = i
3 g L ]
b the sum of the pressure and potential heads. I L Finats s LanTp (b
e L ——— i s
. T N
cj the total available head of the fluid. o dCpprtre plefterle ¥ (2
Answer a,borc

The correct answer is {b). In a uniform pipe the difference in piezometric head between two

points is equal to the head loss due to friction, because there is nao change in velocity head,
= PRy 3
=g -

g B o P B o o oR
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Energy losses in fitting Y (PSR P
e

J The object of this investigation is to demonstrate that there is a loss of energy as fluid flows
0, through a pipe fitting, to find this loss of energy in terms of head of fluid and to find the

velucit}rpressure/factortxuaiue] fmrajitung, o i Tt SR _
JE 14! Ll by 2l Gl Gt ¢ o= QI G0 (1)

Ot .f)’i‘l-:'IL-%r‘.p’_;'J'\-\_:r“r el T Y s A 2% )'u.._,--"'-ff"rl_;( "
\_// -F\_/ - o ;5 - E’ s .4 .b{-l R g
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This page shdm_u_s a diagrammz_u!ic representation of the main _g_piﬁment needead to

@ }undertéké the investigation. You will require the following items:. — /]' (g e
. o 2 s ff‘:"ﬂ;@té AT reag bl =20
- Fluid Friction Equiywent Wl ).,5

- Stop Watch f_.a:’.‘?';’)‘—"; ot

it will be useful if you obtain a printout of this diagram, by accessing the above PRINT
rectangle. After you have studied these diagrams and noted the abbreviations for the
dimensions, you may scroll this window to move onto the Theory Page.
. o 7 BoE L/i P ST
CEer b dpr et (s, w}rb; Mﬂ,&rcﬂ;&/mp/ L_,-ffl J@ﬁ_ai,_,aw c:_y@
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P = fluid pressure (_,M_{,,gj,, i

]

THEORY
Nomenclature: tﬁwl Nene) o

&
g = acceleration due to gravity (9.81 m/s"2) P ALl

£ = height from horizontal datum c}')'é’fﬁf
T T

Hu = upstream manometer height g,,f.ﬂ%%“fﬂ-@f
LR, - Ct'} /{— Iy
Hd = downstream manometer height Q"}!- (Lt T Shrty) (‘;mxr

HI = head loss through ﬁttin%}{,@i(_;ﬁ@@)ﬁ;ﬂi;f

U = upstream suffix E_A;_Ff;}?' ﬁu};’ . )
d = downstr_eam suffix _ o ;{. L,f.:"'_i}J_wg’

a r-""-\:- R = - "
V =fluidvelocty e, e gad

p =density sl
Q = actual flow rate Wf,_;
HI_incpt = apparent head loss from graph when V=0

e /"_ o B B
il \%—yﬁ&,uwé
B d i-o— . . o
A =cross sectional area Ziw f‘

: e . \h/&p 3 = £
K = velocity pressure factor (K value) Lf:__,:,wp’;,_;{;

4

Bernoulli’s equation {(modified for viscous flow):- o {ijJ, %,)ﬂf:}yjfrbl,‘_

e

‘ut Py vg?  Pd
U+ —+—=Zd+ — ¢+ — +Hl
Py . ]




Pu-Pd 1t oyl
Hi = —— + X272 4 (zu - 2d)

™ . Zg
i
(:’::;-s‘m}ep=pgh ,
e g oms e
Pu-Pg  erlcem I i SN, L W 5
(obtained from mannmetErsJ {iﬂ#‘fﬂ‘x* Sl ”)

(v L therefore:- Hu - Hd =

vu®-vd? 2ovd?® .
= can be calculated from the CDNT!NUH‘:’ equation \_/\/"—5""4”-“ !

+-5"- (Q=AuVu = AdVvd ) )

HE.EEE-HI can be calculated for each flow rate. :«"/{j@j’ HL f.i‘,{-"'l“

.-"1' f_.:l._z_r..
Smce Hl is dependent on the velocity of the fluid, itis cenventional to relate it to KINETIC
ENERGY (expressed as metres head of fluid) : S f ot
I -q_-w" 'L.F' r‘»f‘.-r HL b
v (B m e ) E“Jf«“—” SRS, -
H! =K _5! d g

where K is a constant for a fitting and is known as the VELOCITY PRESSURE FACTOR (or K
value). The velocity V is the greater of the upstream and downstream velocities. The K value
@ can now be calculated _fur each flow rate, I'!nwéver in urder to obtain a better, more
accurate K value for each fitting a graph of Hl against V*2 /2g can be drawn, If the graphis a
straight line this would indicate that E_]Ls a constant over the flow range. The slope {gradient}
of the graph will give the best K value for the fi tting__ . ' Y,
e ,-{"’m" (’Jﬂ; oL Cﬁﬁ@w ,/ Flsr (K. "):a-‘"w -~ f~—-'L,» Of:;_:ﬂ; JLe u;qﬂfc_Fw'm (fgulff,wt" KA@
fﬁf»’rﬁ;{:& j,; ¢ o HL L.;LC,J.H I(JL;-’MH f;w 2L ar uci;/fw‘:m :a;f AE L K I e
9 | fyﬁwf{_’;@f} KA _,_J‘L‘-‘E'(_.:un_.-.r' ;ﬁu’ L oJ;Mf//; Kl i/()h,gapwép
AS SHMPT!G NS > f—:ﬂf’,,-
. hamt
If the graph appears to be a straight line ; for practical purposes it is reasonable to assume
@ that the relationship is linear and hence K is a constant. However it may be seen that this
assumption results in an apparent Héal:i'loss {H_incpt] when the velocity is zero.

O{Gnce K has been determined Expenrnentarhf K may be used to obtain the head loss for any
flow rate by ysing the f-:rrmula /

(.Jﬂf:?u-fw \{_aj/ﬁ(:]ﬂ!(‘ﬂi- h,.a.-'f(._,.d.f.- K (:’J«"'i"f\._/-:"_;‘*"”"”/ r,ﬁ(}g,@,ﬁ(_,ﬁﬂ EJL{-@" ‘_,p-"-l:_y_'_p-! 1 @ :

//. )/' r-f'(ﬂf ,.quyﬁlzf?é-&

:f}%:iﬂr;'!a:&:;xfﬂzﬂf a;wbr P w - p / !
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However to be really aceurate and to be cnnsistent:yit!: experimental ﬂbi{*W&[l(‘:rlS_Hf".‘:ﬁrrﬂ

e i “ : - — 4 - .
should be taken into account: - g;,-_;l_;-_i’ﬂt{g[’ﬁ" 7 b e 5 by ._,‘.a'/'lv'L"r-"—’"L-'«‘":—’L b 2 I ‘g}: N ,r'{r;:
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Hl = K{v"2/2g) + HL incpt g o - = Cpls 3,
V°2/26) + Hinc < Neo e L

@ E.EEEJ The above theory relates to practical turbulent flow and should not be used for
laminar and small flows, and may account for "apparent” error re Iting from the gra h niot. - =
passing through the orjgin. , £+ C—f—*w;“ 2 *?’r’j%;' j{:;’ 5{ Cor By Ve ‘f_ cT:" o7 e hl}"?_:f’,&.@:
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MANOMETERS:- Differential manometers only record the difference in pressure head when
@ tWint’s are at the same level. If the tapping points are at different levels the )
manometer will record the difference in PIEZOMETRIC HEAD {sum of pressure and potential

head). For the Inverfed WATER Manometer:-
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ST A I §melt o

c-’..‘-'u-ﬂ"f}' Gl Gy £
DIFFERENCE N EIEZDME'_I_-RIC HE.ﬂfD = DIFFERENCE IN MANOMETER WATER LEVEL -
READINGS = T =,
e C‘d" ] G
_ Forthe MERCURY U Tube Manometer: = & I_i’%’hﬂ'ﬁ e e )

- DIFFERENCE IN PIEZOMETRIC HEAD = DIFFERENCE IN MERCURY LEVEL READINGS x 12.6
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For several different flow rates ranging from a very small flow rate to the m urn for \,__,/ = ; Yy""";,’”;f
which readings can be obtained, measure the time taken to collect a known quantity of fluid _»»° DGl 2

@ in the measuring tank. For each measured flow rate record Hu and Hd ie the heights of fluid :_ AE D L L
in the manometer tubes at the sides of the desired fitting. The computerawill then be able to _
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calculate: / an fal «
JHL VA2 /2 ”E?ﬁ"?‘)y gﬁujﬁ? Seis L Lk % }
: , V"2 / 2g @nd the or each sét of readings. -t : I pres s S -
2 1R aly oA it K Ry Gl e Sy i Clom Ly (2
graph of Htsgainst V2 / 2g is drawn to show the proportional relationship. The statistical_
best K factor for all flows is then calculated from the slope of the graph.

: s e I
Repeat the above procedure for each fitting being investigated. ’,,;/t,‘,{k/-ﬁd' %ﬁﬂ@

l(‘ﬂ:-u should ensure that you calculate the first set of results for one flow rate £<5r/r each fitting.
These results should agree with the computed results and be included in your report,
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QUESTION 1 AP e gl bl Gt L 3G e ”@
RS G e
@ Is the pressure loss through a fitting with equal inlet and outlet diameters and with tapping
points at the same level equivalent to the energy loss {? haad} due to the fitting ?
J be 7 i e S e e o)
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a) Yes ALla

b) Mo ﬂ{b
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o {The correct answer is {al. The pressure loss is equivalent to the energy loss due to the fitting
L‘_:,JJ because the K.E. and patential energy have not altered between the upstream and

':ciuw nstream tapping points.

QUESTION 2 -"*W-ﬁf{_my/.-f_,"lp* nls

Which of the following state ts is the %c’c ong for a pipe which is not horizontal:
_J Lpems P C.P/[.-a(_ﬂﬂ;c-fp"lf-,.._;,;{_jf/{’, (a
@hwith no flow there-would be a pressure difference between the tapping points.
et L_;ﬂl._?:cu.-{m/f CALA e L a0 [ £ uﬂﬂ’ﬁ" --.Jﬂ(,_-,bﬁ_,- (e
b) With no ttle’dnfference in manometer levels is the s;_ﬁ;g as the height between the

'tapping points. '%L)F;f“/;-:i[dt:f’, ML:j VJLJL;%JPJI (c

c) With no ﬂuw there wuulg NOT be a pressure ﬂlf‘fEI;EﬁEE between the tapp mnts
-.,__,..,r,fa--l"c-""ﬂ.-ﬁ ) sl Sl LS f‘“"':n:—#’;\rgf"r’-’l
d} With flow in the pipe the manometer readings indicate the pressure dlfference

The correct answer is (a). The'differential manometer only records pressure difference when -
@ the pipe is horizontal. When the pipe is not horizontal some of the POTENTIAL energy mthe -
pipe has been mﬂ?ﬁed PRESSURE enefgf [ni/cz versa). ’

SRRy et ke A @
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. OQUESTION 3 : .

in the experiment the tapping points are at dtffere’pt Ieueis The manometer used will recurd f,/" fj
directhly which of the following: fwfw_;‘; (,...JA Ll:*""" .u&,_,;__k,ym_,:.{,, ,?ﬁ,fw(g@{,; L_;gt-,.{_‘:;-{/n!-r’ AT

a}the difference in pressure ' JL.;UIL:-I (a
@the head lost in friction u’éézﬂ,&d{?fﬂ{;ﬁé(b

c)the difference in level of the tapping points when there is no flow -)/ﬁ-’«r‘f{',g._"!

i i PRt
J{#ﬁfdz:‘-}uﬂ (c

The correct answer is (b). The' differential manometer only records pressure difference when
@ the pipe is horizontal. When the tapping puints are ?tﬁerent levels and there is zero flow,

_.!/z{:"(,su-‘?fizu ,dyjh uﬁ,:f“ bu e (1)

..-ﬂ,.\f.:. fa); ﬁﬂ(_,tﬂgé-&-’g f,;/’___v

QUESTION 4 q&"' Mg@bﬁd@#@f S L*{:r"'é{"’f‘”-‘;ﬂ:‘;’ L;;'r‘??’c_rﬁc}-! ol
S = = Uy

the manometer readings will be equal. -_..M
ol folon oy

Why, for this investigation, is it not essential to know the difference in height between the
manometer tappings in determining the head lost in friction.

- L% ; e
[- =L % . - S
a)Because the difference in height will not affect the pressure difference. Pﬂpﬁgﬂz%h}@;{: i j“z-fa

b)Because the difference in level of the liguid in the manometer records the difference in
piezometric head (sum of pressure and position hE.:d}l and not pressure difference.
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c)Because the dlfferEnce in level of the |IE|1.!IIIf in the manometer records the pressure

difference and not pressure,
=

Bl 5 )
d)Because the airis compressed in the manometer ;l*/u R A L _L*‘* g,:'/ f,g{
. . -\x-\.

The correct answer is (b). It is however essential to know the height difference if we wish ta
determine the pre;s:};re difference between the tap-:.ng points,

Bl T by <SP ()
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QUESTION 5

Is the pressure loss through a fitting with unequal inlet and outlet diameters and with

tapping points at the same level, equwaTent to t‘h/)ene:-gy loss {?fhea }? —
el m,mfw Ln, Lol

w’ Jyr(_ﬂiﬂ C,i’t_’.wcwjéf;‘- 3
b) No _,fa:‘b \/

The correct answer Is {b), hetause }here isa ?ange in the K.E. wh }h aﬁ‘ects the pressure.
:.a-ff,_...r__;#ﬁ/l{-ﬂ;’ .._,uJ K = x-’_,ﬂ“"(-"’..r‘:’z...._#‘ "‘b" ‘--‘“-"U“"?
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QUESTION & fff"ﬁﬁ-’x [A e lw* ﬂm”-&f il ﬁ;ﬁM U:M@”HO(, s

In the experiment the tapping points are at different levels. The manometer used will record
directly which of the following: '

7 A B .
a)the difference in pressure sl Collplia

bjthe head lost in fﬁcziumfa&-ﬂ@o@&&"{h ' g 7t ”

clthe difference in level of the tapping points when there is no flow

The correct answer is (b). The differential manometer only records pressure difference when
the pipe is horizontal. When the pipe is vertical the readings will be equal for zero flow,
a!lhnuEh the lower tapping point will have a higher pressur,
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The ohject of this experiment is to demonstrate how a weir can be used as 3 meter to
measure fluid discharge in an open channel and to find the coefficient of discharge (Cd) of
the device. Three weirs from F1-13 apparatus will be considered; a rectangular and a VEE

shaped notch weir.

This page shows a diagrammatic representation of the equipment needed to undertake the

investigation. You will réquire the following items:
€ e j E is W’Wy*‘z’h%f\,ﬂ'ﬁyﬂfi L,_vf,’-'&-’/’ﬁﬁ*a o O
- Hydraulics Bench Fl-lﬂ\/f‘!ﬂ* Lot . § it fw #i

- Basic Weirs F1-13 L;I»;_—'
A __ug«’//fﬂ*’én af';}’-*?@

-Stop Watch € om st n " o

You will find it useful to obtain'é printout of these diagrams Ev accessing the above PRINT
rectangle. After vou have stud:ed these diagrams and noted the abbreviations for the '
dimensions, you may seroll this window to move onto the Theory Page :

THEORY

Nomenclature: ( also 5&-.& diagram )

g = atl:eleratit;n due to gravity (9.81 m/s"2) (jui_:-{f::
i = hei.ght from horizontal ::iatum

H = distance between crest and still water surface -
i = upstream suffix

j =downstream sufﬁ.x

V= fluid velocity

P = fluid pressure

p = density

Qa = actual flow rate

Qt = theoretical flow rate

Qincpt = apparent flow rate from graph when H=0

uA =small element of area of thickness'dh
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Cd = coefficient of discharge s up

g 8
K =meterconstant Gl skl

- 1 .
. theta = angle of wier edge from vertical 'Jéfué i‘&w‘f"{"f_?}}
- - : _ -, L - "
= width of rectangular weir 12+ /s Nl I
W= wi rectangular :_r . (/-7 £ L}“i O e Vo C}.-.':Jfli':'l/:-
Refer to the diagrammatic representation on the Equipment Page for olher symbols. ! rﬁ_:?f*‘
Cd is an experimental correction factor, which must be applied to the thearetical discharge i
value to obtain the actual discharge, hence: . j- - » _. b ) P T !’/'_ ~‘/L,,{2{‘
: Clued jptp’ & -'-"Jff'{'c-;lé’nff’ 7 .i,-r-._.aﬂ'__ L}frﬁ"—"ﬂ,
’_'->§u'_: | e v e S e
i’f_ﬁj’) 7~r= actual measured discharge Y T 3 e

Cﬂl__ . . : _‘-

: \Jf}# theoretical discharge

\/9;,,4:&,- Bernoulli's equation : = o : Do o ) e 2
Vi*Z P vja2 o pj S : i A L iy
e < e Sl L‘%fiﬂff Pty 3 A B Jel s o
2 -(’;,.jd;c"" f-" __":f FoalT / 3 .—" o --/ r_._.-" rf_ . :
g e g i ot Mﬂ/ﬂ?ﬂi:bf/fnn%ﬁ/yf .C_—ff‘_,{uu{ﬂf,(ﬁ [Jj_ﬁdyq’_}#

S Sy Gl
1[ Consider the motien of a particle of fluid flowing from i to j (see diagram). The upsiream

@ velocity is be assumed to be zero (still water) and the downstream pressure (in the nappe} is
Iassumed to be atmoespheric, so working in Eauge pressure:

Pi Vijn2

= tli=——+Fj PP PIORE | |
PE 2g
el i .
ZDfAly] From the diagram H=2Zi + x ,,,J,rr/
- - - i : 'y L .
. o L 5.‘) =
The upstream pressure is obviously x metres head of water, so:-  ? WL:J%!{" = ﬁf" X > dt P
- 2 e
Fi
-
PE

y
’ - _ T -
Also from the diagram H = Zj + h, equating and rearmanging-)» Cusr it i - vH.Z { ,J/ ,f::ﬁujz,:ﬂr_;..-;g-
. . i +h, equating TEIEMET OB S stchi) (= Z5 R A s
Pi -] J.{?J;{'ﬁ-'i*t'“

—-=Z]-Zi+h

i




PE
substituting in 1, rearranging and cancelling:- Y PR ;‘f-'ij’//j:'l_ Y ¥ L
L S P
. Vj = SQRT(2gh) s
Erom CONTINUITY (dQ = dai Vi = dAj vj) cnnsnie;rf;;g the flow through the elemental /’F

CH thickness dh (see diagram): , [ﬂ,-',[’,’abf)ﬂ,;, it pff{ ‘_:-Imﬂ;rfe(;ﬁ? {;rf:rlz (“’&HE nﬂﬁ_ﬁ'{] 5
T : T i

e

- &
;/.IJ;—/)?,_..-U;_J FOR RECTANGULAR WEIR

- dt = 5QRT{2gh) w dh
- -“'p_,.iUJ)-‘
; The total flow is found by :ntegrat:ng tw:ij zero and H ;neglectmg ;he towering of tllg:f ,L;é
d
y surface of the water) © L s (-fj""“g" -/L/-“—"w H mej‘yﬂd’r‘
S Qt = 2/3 SQRT(2g) w HALS |
S s SR i

Thls guatmn may be wntten as - OQt= K HAL. 5 where K may be called the Weir Constant
and equals:- K=2/3 SQRT(2g) w Introducing the Coefficient of Discharge (Cd) takes account

ofz /f
the following assumptions: \yﬁﬁ“z’ﬂfﬂlﬂﬁ" La( O

a) Upstream of weir, the water is still. - Lﬁ“ ! "z"f A?I:"'1

T g b

b) EﬁEt‘t of drop down is neglected. \ﬁ/ (@ c_’j}“—r’/i Cut il

J%ma A e, Cs (€

¢} Pressure throughout the sheet of liquid (or nappe) is atmospheric.

' d) Effects of viscosity (friction) and surface tension are negligible \f.:-ﬂ/; ,u;,,L-:;QI L ﬂ/

&) The contraction of the nappe due to curvature of streamlines. @féw(jﬁff ,_eé,—;_gp’j_{é

P ) - =
%ﬁ;—?{?bj} ACTUAL FLOW RATE {Qa) = Cd K HALS

_‘Eﬁ;;p;w:,_,:?wFGH VEE NOTCH WEIR

For the VEE Notch Weir it can be shown by using elementary trigonometry that the width of
an elethent is 2(H-h) tan{iheta) so:
7 P &

= 5 - e -'.‘-‘J = 7 ) = . H
a_gp!fu{m_.ﬂ' '(’ULH e (Jgﬁf/'%!éeﬁ ,..ala;q,_,,—y{ =t i

T v
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== dQt = SORT(2gh) 2(H-h) tan(theta) dh

®

-

ok
Integrating between zero and H gives: .L/" by Lo bt 7 sl 1At /

o

Qt = 8/15 SQRT(2g) tan(theta) H 2.5
so for the Vee Shaped Weir- K = 8/15 SQRT(2g) tan(theta)

ACTUAL FLOW RATE (Qa) = Cd K HA2.5

If Cd as well as K is constant, a graph of Qa against H*1.5 for a rectangular weir or H*2.5 for
a VEE Notch Weir will be a straight line having a slope equal to Cd K.

Qa and H are found by experiment, K can be calculated. Hence the best value of the
Coefficient of Discharge may be found. :

L J“E‘

FURTHER ﬂSSU MF‘T}DNS

If the Cd’ graph appears to be a straight line, for practlcaf purposes itis reasnnahle to assume
that the relationship is Imeal_‘ and hence Cd is constant. However it can be seen that this
assumption results in an apparent discharge Qincpt when H=0

& . L (Z ; i
; c};w o wé)!c-m' A H -,n:»wh/ajﬂwo;r::- e %,(,?/'”
Once Cd has been determmed experimentally the meler may be used to measure Jny flow
rate by observing H and using the formula: -

Q = Cd K (H"1.5) /{rectanguiar] -
: J)ﬁffﬁdfﬁﬁ@wﬂgﬂq#gﬂxfm{;%ﬁﬁ /
H t 1] i
owever to be really ac::urate Qincpt shuuid be ta-ken intg accnun ; j, F-—'@:"f‘“ 2*f. ,-_pu ..@; @

Q = CdK(H"1.5) + Qincpt  (rectangular) - C;.nsbr ,};-*JW-}A’[_}ZQ;!’, r(_:{‘-’;p@;, A-.L.

rh-;;’/ #L-ﬁﬂf_.r_/: W 5;3? L
CAUTION:- The above theory relates to practical turbulent flow and should n ed for ’£ e

laminar and small flows, and may account for “apparent” error resulting from the graph not

passing through the origin.
M"L ,f/fff'{. s (}"gyﬂfé 1#);__,;[

Use the Armfield Basic Weirs EquipmeTit F1-13 and carry out the following procedure:

{Install the appropriate weir plate with the sharp edge of thle weir facing downstream. Admit
water to the channel until the water discharges over the weir plate, Close the flow control
valve and allow the water level to stabilise. Set the Vernier Height Gauge to a datum reading
using the top of the hﬂﬂk The datum is the apex of the Vee notch or the sill of the
rectangular weir. In Eractlce it is easier to fill the channel with water and use the minimum
water level as the datum - although not strictly accurate this method will prevent damage to
the Weir plate. Position the gauge about half way between the notch plate and stilling baffle.
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Admlt water to the channel adjust flow controi valve to obtain heads, H, increasing in str:pJ Aol =

of ahout 10 mm. For each flow rate stabilise conditions, measure and record H. Take
readings of volume and time using the volumetric tank to determine the flow rate.

: ');JJJFMEH,.:;; ,,zg-nﬁc..-’
; The computer will then be able to calculate:- Q, €d, H*1.5 for the Rectangular Weir and
H"2.5 for the Vee Notch Weir foreach set of readings. .Lfﬁ"“,;rf e 5 ,,-{,;,._,f;gﬁ e Ja{ﬂf,ﬂ{;

STt B ook
A graph %fﬂ againgt H*1.5 {rpct) or HA2.5 (vee) | ls then drawn to find the accurate A 5l VS
meter. ey 6"’ fﬂ-"h"'}’e’?"—*t‘%[ ¥ ﬁ»“bdfjﬁ = Ulwﬂ Qbﬂxfﬂ*'&“‘ @he} H "wo Chians & G
> g
N N Lf:-u-rff R J‘ffy*éﬂ’jﬂ; Jﬁ::u S APl ,5»53'&,»« Son e @MJZ_@&AULH@),@

]]Fnr edch weir yau sﬁuuld ensure that you calculate a single set of resTits from the first set of

2 @ wtly (812 -0 8 B I 08 22
a)ﬁa_z'-!.&,l”ﬂ{‘i d{mvb,}m (S-"_y {-b,.pf; ﬂﬁbJJwauLMfwmuh{gf_&' @t’bf-ff:-ﬂm
Lol Carlinayil”

dipgs to verify the computed results,These should be tncFude n your repor S A
m,fd,f” >?,r < S el 7 A o L@ N

Zenr _,)-hs é/‘-t/ P
his is the Readings Page. As the readmgs are entered the appropr:ate graph is drawn.The

'_- @ graph scales have been preset, however you may alter the graph axes to suit your readings.
MNote that_the ynits used on the graph are more appmpnate to the calculations, whereas the

umts used for-eatering the readlﬁgs are more appropriate for the equipment.

2 Move thE'r:ursnr to appropnatﬁyfeﬂangies apd enter the sets of gypﬁnmental readingsin -~
~ the futlowmg order: - 5 u rz.,-",?ﬂfr bessiiic)ee t‘.ﬁt’:b{_p,u_,,,i Qjﬂo.fg,? (__Afj_‘,,yuté'- ,grf,;p (:'ul/f-aﬂ‘(

1. H imm] The I'he:ght of the water surface ab-ove the crest of the weir. \7 f-ﬂ L-#" o {—_i-u,! 1
2. Vol (i) The volume of water collected in litres. VB s '?gf:"_/-" '2
: 3.t (s}The time taken to collect that volume of w ;ter A_;-fuf? o 1-?0{_5(/}3-,»—‘(:1»6’(::# LS
\:r/' ézﬁu&ﬁf)fﬁf@dﬂ e 20, Lol S o Ly, :

After each set of readings have been entered the following will be calculated and displayed:

1. H*.5 (m*1.5) For the HectangularWeir d@rﬂ'}w—x o

o s
or 2.5 (m"2.5) For the VEE Notch Weir WEE G & i T2t

2.Q {m“S.-’s X 1{]“-3} or (I/s) The flow rate.

3. Cd The apparent coefficient of dlscharge calculated for that unique set of readings

only. : Mf,’,fy,é Jc}!fa,,fﬁxif.é !s!:-,ukﬁ L»;,.-.z:r =

QUESTION1, , . . o 6
- - A . = s g,,.».._.: 2 .{_.-—-’
%’ﬂhﬁm’fﬂj;rﬂ"' E&IA/N-*L#,..FEH len eﬂ-w"w,r*’rfj Q"’"D"’f’ 24k g
The weirs used in this experiment ar€ known as sharp edge notches. Wh\r do you thl:juk they
are made with sharp edges 27

g
ajto preventthewaterspr:ngifgciear Q@@.’:§;ﬂ fﬁ-ﬁ:‘f’ﬂé—aa

b) to reduce the amount of viscous friT'l/_\{,u? Sl EJM,{ e rz.m .

f;d for the e

T

]

T e

ria

T




" ¢} easier to manufacture

* weir performance.

_.-:"__;-"_,u:l‘..-,

o

/fj . a
-+ - 2 g 1 ] yf I
d} to increase the amount of viscous frlctmn /L»f”ff_? Bz Qg ol

Nl : "
(b} is correct, but in practice the edge is not a knife edge, but rnanu!ec:n;p_r_i with a semall figt

See the next question for an Expianatmn | / .
e f s WS 5], il ol e 5 Lofp o
o o

; -..-—""'fr G
QUESTION 2 )
__J,Qﬂ : pa ...-‘I _...-{_{,_)Fr_l' J Ir
Why are the notches not made with sharp knife edges é’ e u”f»'"}f“"'.ff e rtmls o ot

f(.J {aﬂﬁ‘{é %M{Jﬁ

"
b) because the water wuurd- the edge )/ o nﬂ‘f’ﬁf&a ey r'?:,

a) because they would be dangemus to handle

c) because they would be expensive to manufacture ‘_wft;a—" (e, ﬁh":*’

. = a2 g ,-""J f
d) because the water waui-‘.i spring clea\r‘:’VJ zjmﬂuf (_Jﬁ?

' The correct answer is [h} The main reasnn is that erosjon would ha an adverseeffect on, "~

JJ)Q‘/I @’Lwc;x,m-yl W&HW&erg{E) e

QUESTION 3

~ In the experiment the apprt:aach velcrcnt',r is assumed to be zero. When would the approach =

velocity be of i mportanv:e ? _ )j 3 @Jg;\{_:"//{ f w’a,;ﬁg,f,mw,bg

a) in a wide channel % (éd;gc_.»{;
b) when measuring high flow rates  JL; (é: o ,-:!b},-}zé*
3 - 5 -

c) when the channel is deep

s

wand) when the channel is narrow r-_,f(_,.:. LC@.&

¥

The correct answer is {d). As the cross sectional area decreases, the velocnq.r increases,
making the assumption less justifiable

QUESTION 4

b) as far upstream as practn:(l/i.b‘f L LJ_,;\:H/‘, [ L

c} just clear of the drop-down cun.re

'Cr’f'{.»f Gor Uﬁf“ﬁﬂ*‘ /J//“b’r ex

-

SIEREY éﬁ?f*j\é%m

d} as far downstream as possible

W

— ] L -
2l (:__{J“ !ﬂ'}_,...n-rd :ni__.._)-!'.u-.tl o ,s’-’(_\_._’,_,_.{' 5 ”’;“J ‘f‘..-" "'IIJ-""

E’k




-
- ~

¥ r-"'”j
_ MOt 2 G e "f;/ﬂ”’"’-’*ﬂa L) %’- »w ce
_|. . M 3 o S - -

. {
o Ugﬂﬂwufﬂ@.—',ﬁ “rﬁ ﬂjﬁgﬂjf___x,—*ﬂf
(c} is the correct answer. To move further upstream would intiotfuce err{; due to the slope

of the water surface. To go too near the weir would give an incorrect value because of the

=

. drop_down curve., £
3 ca
. QUESTIDN 2 JJ/ ._/;J'.}Qu '(_p'-" /-?’C}_ﬂ.:p-‘-"“ _|J Lﬂfﬂd{ _,r.-',‘j“—"" CJJ!:'_?{\.TFL 'I?f_f \__,--I-F-_“_fé,\_,..-»-" E_J-'_,J Z _}'ﬂ-
..“.v Fufn'r‘h’ C_.}@" a}*’j)(_.wlm‘lﬁ' ‘t -*r"'f_,uxﬁ
If the Cd of the rectangular weir is 0.6, and the weir constant is 0.09 {allin consistent units).
Indicate which of the following values gives a good est:mate of the duscharge if the depth of
water is 0.077 metres:
2t a) 6.6 1/s
b) 5.6 1/s L
c) 3.4 1 .

dji2ys . - - / L : :

e} 0.051/s N I S ST Muﬂ;_ Aq ok i yo C}’N}!ﬂd; Eﬂ"‘ulg(ﬂ/ f

The correct answer is (d). You shouid have us.ed the fulluwmg ﬁ::rrnul!a- Q=CdK H“_l.s e

QUEsnGN 6 ;

_ The triangular Vee Notch Weir is more accurate than the Remangualar Notch Weir for ﬂow ("__) : 4 % if

S mESurement bEcause f__-f . Ag’#f/fu"f__':ﬂ EE :{,[5*':*;/ : :,‘_""f'_':-"?‘ﬁ' -_",_Jb}!'lréf" £
e a) it can cater for larger flow rates - 2» /é:,'fr" Laiel, \_//' b % §
st e, ;L}L& ,i' AET TS, O :

~ b} the head rises quicker as the l:lts'charge increases ﬁ.r it b Be =t 20 £

i / i ;

c) as the flow rate increases the water surface rises pmpumnnaﬂp}f ﬁgr f'(-r”'l**{"“ ! é"&C{j}’*’ e :

d} because the water must be deeper _.a.;r& _,(MJJLUI 2 ;

¥

The correct answer is [c} Because of the shape ofa Re./-ﬁfﬁ‘g—ular‘ymr a smarl change in a {

!ow flow rate is difficult to measure. by c_jm,l_,_.-u J,:a, P H({-Z’U e Lf,)éi‘;c ) C)J’F |

i

QUESTION 7 . ‘ JIW bl b

-~ -~ \ - )

In the formulae used, H is always the: 'f-"P H ﬁJMMCJ:’-“-“J-" i

:

a) measured head + velocity head based on the depth to the weir crest jf,-frl-(_?-‘ r}f" Hr{- g —-%“f'&ljf&—f —~

& ;

b} measured head + velocity head based on the depth to the channel base 7 :

d A CJL"/'UJ‘H,...-'J g o J}u,f,.rj,{,,.f e

c) height of the upstream water above the weir crest ‘ﬂ,ﬁfnﬁ' L"2ys, it G L7F by £

. £

d) height of the upstream water above the channel base- C/r e e ufa,;},fp@'_r"éf”

The correct answer is (a). The datum for H is always the Iu}ﬁ{mnt of the weir, i.e. the 1

a

crest of the weir. ! i
f-( " {ﬂ_} Cope ;

® ;r . ¥
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Venture meter
The object of this experiment is to:

1. Find the coefficient of discharge (Cd) of a venturi meter and to demonstate how it can be
used to measure fluid discharge through a pipeline.

2.5how huw the head lost as the fluid passes thrnugh the meter vanes with the velacity
K Cun Sy 30 2y (.'.I Vomte = Fily 4 / o e
head. R 4.'_.3-_'5.'—-—-‘__,_.-4' 2y P S Ll Ci/f:_v"b ﬁ‘f*“IC}J{:‘QL;_T

2 '~‘*5f bw ﬁ.p—(/rﬁy O 4o L d,'-n‘?-ﬂ ot 1 ﬁ:{; L,,’i,f/gf_; E2¢y)
This page shows a diagrammatic representation of the mai mpm&nt needed to - ) -
undertake the mvestlgatmn ":’uu will rqu.ure the following items:

/ San D
- FEu:r_f Friction Appafatus c;jih-_- c.;éb.d u,L.l gy R

-

—StnPWatch “Cwd L T - . ol

This investigation is concerned with the Venturi Meter which is lllustrated above. It will be

: (D useful if you obtain a printout of this. diagram, by accessing the abr_we PRINT rectangle. After

you have studied this d:agram and noted the abbrewatmns for the dlmenyns you may

scroll this window to move onto the Thenn.rr Page. @fr,___.. e c_,,.'l {L i_}/.,, L j e ,:*L*L 5.,,;,55@ @

THEORY M"‘*"ﬂ{q“ﬁ'ﬁl ;;FM(L:L:- M o L-./wfim Al Fmi
Nomenclature:- "F""'-':-’-'d}“”/{‘; J.ﬂz : t....-f{p.:/ (ESTRY gf ot "5,{_,.,-{1;{. rr Lo C_:'UJ/{HME& E,\{: L Jﬁ
g = acceleration due to gravity (9.81 m/s42) C .-_*,:,.ﬂf.—r QL_: &;“ PJ“’ ral fﬁ’ C.."'] “’”‘l}w
z =.hF-‘iEhl: from horizontal datum . (}T %}f(j;' _____ —

Hu = upstream pieznmetric height Hf L oLy gpf—n{:"ﬂ”{'f‘;

Hd = downstream piezometric height D’ffrf.br .-F%_/:FJ_.LF f_,l‘*"

Ht = throat piezometric height f’iﬁ?(—uﬁiﬂ‘ f'_l-v"

HI = head loss through meter{Hu Hd) ML«) Q@*Qﬁbf =

- S }M Sty Qéﬁmyﬂ e (10 5 ol L gl & s

Ha =difference between upstream and throat manometer heightsz s s — I :
el E3 pars Clmm £ opm il mw

~in mm of mercury or mm of water depending on the manometerg

Hb = difference between upstream and downstream manometerz €] = o= f DA g Smpne
- = P L;Qﬁ—tfzf_ﬂfpyh@ngujm :

heights in mm of mercury or mm of water depending on thez = 5'(’_:35 Sl - L e
3 Ll Lo & 207 m L

A e 2




e T

manometer used,
U =upstream suffix tﬂmg o
t =throat suffix 05;-;/:;-'
d = downstream suff i:_cf‘_-”jf* _r-fg,;‘;"
V= fluid velocity in pipe :;]7‘,;‘{{‘:}.- Gt
P = fluid pressure ('_JL_,-E':, fiie
p = density L:Sé

oy
l =l

& - il
Qa = actual flow rate s

Qt = theoretical flow rate L5,_,'.’; E:.}.(—_f.,uu

. /_f . . :
Qincpt = apparent flow rate from graph when H=0 H’\‘;fé_; s

A =cross sectional area _ - -
"Cd = coefficient of dischaige

K =meter constant '(_;uaulrc:pf

"’ ; s . f —
Cd = 2etual meashured discharge s 0. %‘}i‘ ankse
theoritical discharge ik s

=,

Bernoulli's equation :

by Pu ved Pt
il R et el i WL, e

2g »a 2g P

Zu =7t hence:

Pu—Pr  vef_ypu? 1
= Zg e )

because P=pgh and H=Hu-Ht -

Pu-Pr
Hu - Ht = =

r*||

P




FPu-pPr

rg

Continuity:- 4t = AuMu

AuVu

Vi =

At

substitute: RU;-Z e
Au®—vu?

s P it

ig

rearranging:

o ;f'(guma 1)

Zg

rearran gini/ =

Vu = SQRT[2gH/ ({Aur2 / AtA2)-1)]  (SQRT =0.5)

substituting in i:ontinW_'_ Y-

Qt = AuSQRT[2gH / ({Au~2 / At*2)-1)]  (SQRT = ~0.5)

Let:- K = AuSQRT[2g / ((Aun2 f Atr2) - 1)]

Qt = K SQRT{H)

This is the theoretical flow rate. Introducing the coefficient o discharge (Cd) takes account

of friction:

ACTUAL FLOW RATE (Qa) = Cd. K. SQRT(H)

\—:\-_ LP

B L ——

R e




if Cd as well as K is constant a graph of Qa against SQRT[H] will be a straight line having a y
slope equal to Cd.K.

Qa and H are found by experiment, K can be caiculated from Au and AT Hence the best
value of the coefficient of discharge (Cd) may be found.

HEAD LO5S

The overall losses {HI = Hu - Hd) increase as the flow rate increases and should be
proportional to the velocity head (V~2/2g). Thrs can be confirmed by plotting 2 graph cl‘ HI

against V~2/2g.

ASSUMPTIONS i e
S

If the Cd graph appears:fn' bg a 5traight line, fn::_'practical purposes it is reasr.r_nable to assume

‘that the relationship is linear and hence Cd isTonstant. However it can be seen that this

assumption results in an apparent discharge Qincpt when H=0.

Once Cd has been determined experimentally the meter may be used to measure any flow
rate by observing the manometer readings and using the formula:

Q= cdK sqnﬂi-l}

However to be really accurate Qincpt should be taken into account
Q = CdK SQRT(H) + Qincpt

CAUTION:- The above theory relates to practical turbulent flow and should not be used for
laminar and small flows, and may account for "apparenyr’ error ’_(iultn rDm the graph not

ekt passmg thruﬂgw origin. éﬂgﬁ \ﬁ.’%}[ﬂ'” %:—(_u_,a W le ~ -.l',}. [_,_.-é.{_.ylf-{?ﬂ.l é.u{..ﬂ-é ::'-S-'-_,H#_vf:.
lt'ﬁy uu-‘%

(_ﬂlﬂﬂUJuUﬁf"‘UfI—{ﬂ yle S22 Gl L ,WCMJJUJM inﬂfbaﬂ"uh“t‘}é’ﬁgr}
MANOMETERS:- Differential manometers only remrd"ﬁr. difference in pressure head when

the tapping points are at the same level. If the tapping points are at different levels the
manometer will record the difference in PIEZOMETRIC HEAD (sum of pressure and potential

head).
For the Inverted WATER Manometer:
DIFFERENCE IN PIEZOMETRIC HEAD = DIFFERENCE IN MANOMETER WATER
LEVEL READINGS

For the MERCURY U Tube Manometer:-

DIFFERENCE IN PIEZOMETRIC HEAD = DIFFERENCE IN MERCURY LEVEL
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R W= et B d e ) . N e / . -~ p ~
i L;It;'!(,plm": L_F’;frf.l.?{_l}-“* = }in E“J‘AF J;uﬁ‘_ Er":'(_.lf"_-""_{’ r.:);‘,'.}} r_;,ﬁji g ntert € ‘_.-_A.. f_j_r,r/.ﬁ.-fr _‘,-‘.-...rj:‘_.‘_ .‘5{ ,ﬁ ,,l_;-!'_,.:l.-
st a F A - — — —
G oy ! L- ""{ [ il
E.;__jl N"::J_ﬁ;/'f\.,_jx‘-f" /,,.r-(_,l-r"z_'f.'..-.f L)”Q{q‘ﬂ;:u,;i#_::'r//:’j/ L,;.u ;_,,.J,uxﬂ!__/aa‘:]!yc-
' _-READINGSx12.6 - s
.zuff.,..._,-*; J?I_AP..- el ’l,_,ﬂ,. ,|M}lﬁﬂ[‘j}p)Jb. {j_),_-,,_!;.-r _,& __,_H_r(;_;-ﬂ/-\_ £ ,, aal '_#..k,‘_:-__hf
Methed

Use the Armfield Venturi Meter on the Fluid Friction equipment to carry out the following

| procedure:

\
! Prirme the pipe network with water. Open the appropriate valves to obtain flow of water
through the flow meters, For several different flow rates ranging from a very small flow rate
to the maximum for which readings can be obtained, measure the time taken to collect a
known guantity of fluid in the measuring tankFor each measured flow rate record the
height of the fluid in the manometer tubes, and the manometers used. The computer will
then. be able to calculate: HI,Q, VA2 [ 2g, SQRT{HL Cd for each set of reading

f’
Qﬁﬁ?,}/ C}’&f rH'{*Ju/ﬁrLﬂ ol CEJJC.:‘TZ'QZ/*"@}/-UM\_/“H‘E’E{TUJ fu'ﬂ < C:‘V/

AT e Ol LG Ol
A graph of Q against SQRT[H) is then drawn to find the accurate Cd for the meter, %3111 E L.- ‘f’;’/ O

graph of Hl against V22 / 2g is also drawn to show their relationship, ] o

X

You should ensure that you calculate Eme set.of results for the first set of reaﬁjngs (ie the
first Cd}). These, resul'ts should agree with the mmputed results and be in;ludeid in your 2

repnn [ »L?_Lvﬂr' -&L}!:r“‘}‘ QJJ ﬁfﬂ, _,:,_.Jn-ziu far MI%;J_._JL(J.E,- it Lr:‘
m..-’ G’L’{fwﬁ.{;‘«ﬂ- (:L.L-_,J,#-"é 2&-’

experimental constants. Check to make sure that these constants are correct for the
equipment you are using. The Meter Constant has been calculated from the upstream and

throat diameters.

This is the Readings Page. As the read'ingsl ére entered the appropriate graphs are ﬁrawn.The
graph scales have been preset, however you may alter the graph axes to suit your readings.

© Note that the units used on the graph are more appropriate to the calculations, whereas the
units used for entering the readings are more appropriate for the equipment.

Move the cursor to appropriate rectangles and enter sets ofexp-eri%tal readings i G

the following order: Y el RN Y APy s 3P f Ulcol 22> e

1. Select the water/mercury manometer used for measuring theﬁifr’er cein head betwe i /
f o & (1
the upstream and throat tapping positions by tugg!mg Lels f'j FAR L ﬂ)f-tmf D © e J“;)‘f b #4y

ﬁ(’j """"":"L?-H L.-?’_f né K ,fi.- r‘..#ff_lifpa U-CU_:Q'""
2. Ha (mm) The difference between the upsjream and throat pign g’reter readings in mm of
manometer fluid  prploOb2mm L’WL‘J‘ Pibobto s Uy Qo Glien

3. Select the water/mercury manometer used for measuring the difference in head ]J.adueen

the upstream and downstream tapping positions by toggling. , €Sl o3 lnMust En b B Sl ,:;Jf..},t;u‘l {r
bt (Bl YOGk 2B o Tm P ol )5 L

4. Hb {mm) The difference between the upstream ‘and downstream manomeler readmgg in

mm of manometer fluid JJ&JLCJL;FH M3l 6 (ol 1 'i_*”b P {prﬁ, fiw LGl O Lo

5. Vol (I} The volume of water collected in litres. _,‘g:_;ﬁ g &r,;_} ( o
% / L : _lf /C_ o £ O
J;/,{l;,,._.; Wﬁﬂfjd A L.u" ﬂx’(.,wf Mr..r (J-Lu 7%“5 “‘”0,-1);,//-: L {._;-(_y__,a. ¢ L,...rl"(,_,_,u_.,; ﬁo-l

- A
U.}‘-’:}{"ﬁ"‘*‘—"}fwh éu*\f P g -’pﬂé{cwf {’ -Ju;‘_z.vﬂfJ,L,J,:/;;i,,pr_

PRSI s i e s 1

i Ll T ML TP

b i
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=, Wl G

6.1 (5} The time taken to collect that volume of water, e T,

After mach set of readmgs have been entered the foll o..rmg will be :.a!rulatﬁ;fi and

ST
(8 displayed:z {J__f ,,)_;‘:_,J L2 A, .:-1__? ,,,1 In',/ ;ﬁ_ﬂ(_,,syﬂa :,z;_.,,f F_‘!}-:,;_,.,:::J.: e
- - \_,-/ - =
r‘

1. HI  {mm} The head loss through the meter in mm of water. 1_;1fnr+- 'i._P»"'":{",m Cy Lol Sl st

2. HA5 [m*0.5) The square root of Haz
3.4 (m*3fsx10%-3) or (I/s) The flow rate.
4. V2 [2g (mm) The velocity head Fl.lr'-fﬂ,..# o ,,-r{;”,_.:j; "éj—"Df_.Hf’cp(

5. Cd The a;;jparent meﬁuc:eﬁt of/mscharge calculated for that unique set af readmgﬁ—f

é?ﬁ-y‘ 2ot Y wp. yh e 1 h“’GJ”’f GOS8y ¢ L.J;(pw e S Tt b o e G
A ;_,J' bt bl St ot a2 Cal ! j-—‘-’“—*f U—"J-J fffiﬂ/’;;—rc_..!uruhq

This is the l:unclusmn Page. Tﬁdmefﬁcmnt of dlscharge and the inteccept on the Q axis has

been calculated from graphl. The constant of proportionality relatloﬁ;hlp between the head

loss and veloﬂw head Has bg‘en calculated fram graphz-- - . -

only.

QUESTION 1 -

A Would you expect the pressure att throat to be more or iess th @ mlet pressure ?
':" j &

i =i
' a)less LS - q’""‘"'@ﬂﬁxw wyii wm Lﬂ(fmecf) w,@rwa
=

b} More

c) Same rﬂz; b=

Observation of the manometer levels shouid indi jte that the p ;ﬁSUI’E at the throatisless
than that at the inlet. _ K L,.-l (& rg.- Pl 2B 3 Lo ,J,A%L.-wt—,;mﬁh ‘Z"ﬁ’ L.Ju"--“

QUESTION 2

Itis possible to explain the answer to question 1 in terms of energy. We already know that

the energy in a fluid comes only in three forms: i i
' !.m T Y s
3= g f"'?h' Ju}wﬁ:dg:}gg;,péw{ ;&"y 2
aj Fresswe energy sl sl L/ T} o )
i (’_ﬁ_/.—"“:)dé}-’ \/J-"’ \.//‘FJ

b} Kinetic energy o A

¢} potential energy (}‘-'5’:' )
a A -
J (’_4_..1'-{/ M"Ilé'/r'f-"gj
Which of the three energies increases at the throat ? J/ \/

/
The answer is (b) because the velocity has increased at the throat. 2 j upf%w&r[ @jﬂ e
o *JJ“”

QUESTION 3

The kinetic energy has increased. This increase can only be acquired if another type of =
energy decreases. Wh:ch of the three energies has redur:ed at the throat ? )

\/{ﬂ t‘f")/ @h'aw L\-/.U" ’bfm,»uﬂ.sinfgﬂywﬂ U*’L{ﬂ"/ﬁ
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a) Pressure Energy

b) Kinetic Energy

Ny
c) Potential fﬂErF",’ O—" d .-I 1T r'_)-ll/"' "-5 4 A" ,-""r{"--'}'i s .-"_r“:-' [ ¥
L] : ,,u’ _J i IIJ:“_.' e i ‘;_F!I- =
NIFJL;L;_,.L,,JWUF,L,N“JU& F_/ : b ___/ \Q;_F, /i e
The answer is (a) because the kingti ergy has increased and since the tube-is anmmdl

the potential energy rermains constant. This therefores only leaves the pressure energy.

D,IJESTION : / e Soope ﬁmw Q F 1/ i E:“j ’fr A
2 oy Sl bﬁfuibr’yﬁ?ﬁmw#‘—fi‘b‘}/ 92 '% APl Cu e
*  After the fluid has diverged back to it original pstream}drameter the pressure energy is

_less than at the original upstream tapping point.

is this due to;

.- a) rubbing of the fluid on the pipe sides ? 7Jy (Jzé’{ (C_,J'LE:JFJ L.

b) anincrease in kinetic energy? 7.+ e
L = r m s oA
: - \_/\_\,_/F =

c] turbulence ? (’_fLZH

/
d) friction within the fluid ? @ow(_: "ce’am' ;
Answer a,b,c or d Which nf these answers is .&LWAYS correct "("/uﬂf'ﬁf é"’(-"" 2 9/?’;"3,917_: a 1:-_,; L=

{d] is always the correct answer. However, if the flow is turbulent (asis usuall:.r the case in
practical flows of water), then (c) wuuld also be correct since turbulence causes mure fluid

friction. l_,»-fp(r"P:E;‘/ Cj’“{bﬁmoﬂﬁkﬂaj ',rifﬂ,dwrjﬂrm:'_,vfw{,l 'dbf"" oA {&,é].&_’

{_JJ'L»:- l'-::[&..pl behCzen "’J.
QUESTION 5 6’7 et i
After the fluid has diverged back to its ongmal (upstream) diameter, will the pressure be: f i
ﬁ, g) ¥ -y%h;fpwfﬂa;:mﬁmﬁ%ﬂf] Iﬁp
o LF L#J,y”/; a) greater than the upstream pressure

ﬂ n Qf?"x I-M 1% _,.l.a-;l b) less than the upstream pressure

f’;l': f’y@f/up A== C} same as the upstream pressure

The correct answer is (b). The pressure shuuld be slightly less than that at the upstream
paosition, because of head loss thruugh the meter.

e : H—F-"?' LI L a-‘ . “Fd .
}éo}a Ié/@f@fbwéﬂﬂﬂ{er E’J{mﬂfﬂ \_73’;#:4_;@ (b I =
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