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 DEFINITIONS |

1. Steady and Unsteady Flow

o Steady Flow:-

Flow properties (velocity) don't change with time
dv

—>—=0
dt

© Un—steady Flow:-
Flow properties change with time

——#(
dt

2. Uniform and Non-uniform Flow:

e Uniform Flow:-
Flow properties (velocity, cross-section) are constant over a given length
(don't change with space)
: A, Ar
fs dv _ 0 dA _ 0 VA vV,
dL dL

¢« Non- uniform Flow:

Flow velocity and cross-section change over length (with space)

A =
—>ﬂ¢0 éj-;r&() Vi . v,
d dL
3. Laminar and Turbulent Flow: \ L )
¢ Laminar Flow:
When fluid particles move along straight parallel paths in layers Lagers

—>R N < 2000(R T Reynold's number) g
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» Turbulent Flow: (In Most of cases) % Q

When fluid particles move in a random motion at Ry > 4000

When 2000 < Ry < 4000 — the flow is Transitional

4. Rotational and Irrortational Flow:

If the fluid particles have rotation about a certain axis, then the flow is

"Rotational" otherwise it's "Irrotational”

5. One, Two and Three dimensional flow:

e One dimensional flow:
When the change of flow properties (velocity & pressure) perpendicular to

a streamline is negligible, then the flow is one dimensional (e.g. flow in

pipe_S). 1% :f(x, t) \ﬁf o e e
X N
T

U S =g S R T

¢ Two dimensional flow:

i is defined by streamline in a single plane (e.g. Flow over weirs)

v=F(t 3‘[

. ) weir =
¢« Three dimensional flow:

(t is defined by stream-tube in space, as the velocity varies with space
(e.g. Flow through a converging or diverging pipe)
v :f(x’y’ Z" t)

6. ( ‘crapressible and Incompressible Flow:

s (Compressible flow:

it occurs when the density of the fluid changes form point to another
(e.g. flow of gases through nozzles)

¢ Incompressible flow: _
It occurs when the density of the fluid remains constant

(all liquids are considered incompressible)
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. Streamlines and stream-tube:

e Streamlines:
They are the imaginary curves illustrating the direction of flow for fluid

particles. The tangent at any point gives the velocity direction.

¢ Stream-Tube: 4'/-//—

It is the fluid mass bounded by a group of streamlines

which are confining the flow

8. Ideal and Real Fluids: & p &

¢ JIdeal Fluid:

— The fluid is assumed to have no viscosity

— No shear resistance is considered (inviscid flow)

— Ideal fluid does not actually exists (as all fluids has viscosity)
¢ Real Fluid:

— The viscosity of the fluid is considered

— Shear resistance to flow is considered (viscous flow)

— Due to shear resistance, head losses occurs

9. Viscous and Inviscid flows:

— When the viscosity of flowing fluid is neglected and shear stress is Zero,
the flow is invisced (No losses exists)

— When the viscosity and shear stress are considered, the flow is viscous
(head losses exists)

10. Mean velocity:

It is the average velocity of the flow passing through a given section.

Discharge Q = el
VY = = P = V""-X
e Area A e




Volume, Mass and Weight flow rates:

Volume flow rate (Discharge): (Q)

It's the rate of volume of liquid passing through a given section.

Discharge = S

Time
& Q=Axv — continuity Equation
e Mass flow rate: (Qu)

It's the rate of liquid mass passing through a given section.

_Mass _pv
Time T

s Weight flow rate: (Qy)

It's the rate of liquid weight passing a given section>

Be . S =p¥() (p 1s the density)

Qo _ Weight yxv
STty U=

S Queigne=Y*xQ (v is the specific weight)

Example (1):
Volume of water is collected in a tank of a volume 2m’ in 30 min.
Calculate: the discharge and the mass and weight rates of flow

5
K Discharne (Vdume voke o Yoo = Vo2 =l -

% Moss Paw rede =0 = F = W alooo = WAL kg /s

% Weidk Yow vedt = (LR - kg™ x40 = \0.9 N[

12. The main dynamic equations for fluid flow

1o deal with any problem of fluid flow, three main equations are considered:
— Continuity Equation s for the conservation of mass.
— Energy Equation - for the conservation energy

— Momentum Equation - for the conservation momentum




Where
Q = Discharge = volume flow rate  —>

A vi=A, v, =Q = constant

5 |
- Discharge = Area x velocity = vo.ume
Time

2 I
- Dimensions — Q=L"x L/r:?

m3/sec

- Units - Q=304 cm3/sec

ﬁ3/sec (cfs)

Note

For any problem: Qinput = Qoutput
Qi =Q+Qs
'.'Al VAT A2V2+A3 V3 Q

A

Vi

(For steady. one dimensional incompressible flow)

For a given length of flow between two different sections, if no fluid 1s added

-. Continuity Equation between any 2 sections:

or removed then the flow mass passing the two sections remains constant.

=10
Al Vi— Az Vo
Q,
v Iri)‘ Q\
i /
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0.92) per year. Calculate the flow rate and the velocity of flow.
‘G‘\I‘Tﬂ"\ Q == Z-X\OG hn/jc_‘lf (We\‘%h'&' m &&— Q’(o TS )/;é-‘cj) i"“"" =000 KS
(Z_X \0° ) (9.%[?(\000)

i 2 ==
® C\j /85 c}gz 5%\0 REHE A Lgpxéoxeo
—%Q::O.OGQ)MS/sz\fﬁA

s 2 77 ?_
Aemdpie - Z2' 709 Lozt

: le (2).
4 pipe with a diameter 1300mm transmits 2 million tons of crude 01l (S.G =

- ___QQ_ JeiVepole) B 0057 v
A e av e :
Example (3):
For the shown pipes junction, calculate the discharge at B & C and the flow
‘ velocity at B ,%
B
‘ ] ‘ 5 Gram
U=t 225w,
: i Haley =3
A e

x Q) -

= _.72(0.45)2”*\.% — iR
- @ Eo A = \/ o K(&zzc))z*3,g et @ G w{’/;)

(—))‘*Ck @ /_\ @ =+ ®C

E \/-% - ®B = —P—\E% = 2R.09%w/s
s 7T( af8) :

lf_
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/fLUID ENERGY

For any fluid element, there are three quantities of energy or heads.

1. Potential energy = potential (elevation) head

potential energy mgxZ

Potential head = L

unit weight mg

.. Elevation head = Height above datum (Z)

2. Kinetic energy = Velocity head.

2
kineticenergy " A v’
unit weight mg

Velocity head =

3. Pressure energy = pressure head

Pressure head =

unit weight YAL Y

. Pressure head = i =h (m)
Y
Note:

pressure energy P x A xL '_» P

h

2

\%
=— - Velocity head= —
23 ity hea 2% (m)

P

==
1
o
e I HC
P_gh

The sum of elevation energy and pressure head is called “Static Head”, while

the velocity head is called “Dynamic Head”

Static head =7+ E
y

2
Dynamic head = s
2g

9\/

A

5

Ce‘d(d(nc

Dokum

T S R T R R T T SR R S e

At any section: ! rsmc Head ﬂ

Dynamic Head

Total head = Elevation head + Pressure head + velocity head

R e
i

H=7+—+— Note: all heads are in (m) or (ft)



E.L & H.G.L

> Total Energy Line (T.E.L):
It's a line that represents the total head of the fluid at a given section.

a) For ideal fluid:-

2
H=7+ 1u+—P~"—~constant
25 9

-.T.E.L is always horizontal (T.E.L // Datum)
b) For real fluid:-

2 :
P
2g v

-.T.E.L is always inclined and not parallel to datum

> Hvdraulic Gradient Line-(H.G.L):

It's a line which represents the static head (P/y + Z) of fluid at a given section.

. The vertical distance bet T.E.L & H.G.L = velocity head (dynamic head)

Note

e If the area of flow is constant — flow velocity & velocity head are constant
L HGLATEL

e Ifthe area is not constant — flow velocity & velocity head are not constant
-.H.G.L is not parallel to T.E

Note
— The H.G.L is considered as an imaginary free surface as it passes

through the points of zero pressure

— From Datum to pipe center line =7

— From CLto HG.L = Ply el

2
v

— fromHGLtoTEL=—
2g



T.E.L & H.G.L for ideal fluid:

For ideal fluid, the flow is frictionless (No losses is considered)

24 2
~Hy=H, — —1~)1+Z1 Mg &Jrzz 12
Y 1 2g
Case (1):
— No losses — T.E.L // Datum

— Cross section area = constant
A=A, V=V,
2 P
. ¥y 25

S 2g 2g
— -TEL/H.G.L

Case (2):
— No losses —» T.E.L // Datum

— Cross section area # constant
A <A,
vi V3
"'% Vl > VZ .-.—_>’
28 2t

—> T.E Lnot parallelto HG.L

Case (3): vy v ‘;Daku\r
— Nolosses » T.EL //Datum 7.El |

— Cross section area £ constant _
A A=A

— v;<v; <V,

Y

Note .
e LR T — = = TN T ~

When the area of cross section is decreased suddenly, the velocity increases
suddenly and the H.G.L goes down or up suddenly!!




Relation bet. H.G.L & pipe center liner:
1. If the pressure is +ve —  H.G.L above C.L
2. If the pressure is -ve —  H.G.L below C.L

3. If the pressure is zero —  H.G.L intersects C.L

(P-0)
TELz=HaeL
0]

(\Qcﬁ exVouw

e Point (1) [At reservoir]
P, =P, = zero v, = Zero = T.E.L = H.G.L = water level.
¢ Point (2)P,is+ve — H.G.L above C.L
¢ Point (3)P;iszero — H.G.L intersecting the C.L |
e Point (4) Psis-ve  —H.G.L belowthe C.L
e Point (5) H.G.L intersecting the C.L. — Ps 1s zero
« Point (6) H.G.L. above CL — Pgis +ve
= Point (7) [At nozzle] P; =Py, = zero

Note

Pipe diameter (d) is constant — v, = V3 = v, = V5 = Vg

2

;— —const — H.G.L// T.E.L along the whole pipe except theinozzle
g



Nozzle

| 2 -2 2
: \
5 e d <d i —> Vo = wive -'.--—n—z-—‘?—>"—6'
‘ n = Upipe n = vpip 2s 2 2g
e Through nozzle, diameter changes — v # cont .~ H.G.L not// T.E.L
? » Atnozzle P =P,y = zero — H.G.L intersects the center line!!
For ideal fluid (no losses) " For real fluid (with losses)
Vﬁ :P6 1 Vi —# X;:E)é_'”‘fué_h]oss
Zguiife 28 28 % 2 2B
=" (No \_o&%c‘i‘) —
[ STy
e Vé'z/?,a ; \J;/L G L
PG e 2 -
s 3 R N K
/\6 i N¢ { ’ %'j \(31[_
N 1 e
d. - Dokum_ '[__O[r\ ;t Oodknn
PPC @ @ +
B
b
Note
End of the pipe: | acy
i' =
At the end of the pipe P = zero [Bieets l 7\ :
. .

This is not the end of the pipe
= P £ zero
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OSSES IN PIPE FLOW

a)Main losses:

» The main losses in pipes are due to friction of liquid with the walls of the
pipe (so it is called friction losses)

¢ Due to friction, the total head decreases with flow

¢ The frictional head losses is relative to the flow velocity

¢ To calculate the head losses between two points in a pipe, use this equation

| b R v _Kv2
(Darcy equati?n) L — d 2—g - E‘g_
Wwh | h
Cre TEL o L([hz)
F= coefTicient of friction S — lr
WG M e
" FL e Zj ‘rv:l__“ I
K=— e TR
d ? =L
1
d, =d, [

*H.GL/ T.EL But T.E.L is not horizontal

5@ 4 e

Example:
2
Vv
W h; e
e mal S onss
Yyl — e X
—-“,_t':j% ‘—-H__G.':L__ ___?LZ:;\\ Ah V2
2 \‘Li LQZ—S) hL :K_j__
P./% B - e S
S - 1%
s : —h +h
1 : - Ps s “MLay ~ Lay o Les)




b)Secondary losses:

o Itis all the types of losses except frictional losses
e The minor (secondary) losses are due to pipe fittings and valves

e Each type of minor losses has its equation Jaall Juaills (a3 Lgaa 83

C_:Y.E-L & ok \\})

N
RO B 2 hai.
S ___h“ﬁjﬁ__i.}}\_ jh\' A
—3
, =R : l
| | o e
\(\L }YLZ /7L3 hL }7"~5

frpe %md\dcn Sudden [ lez/[/c] s //‘t_j 5
Lntrancc cmcn[’ Condractyon efrt

The total head losses from (1) to (2)

( L ot )_ (11}1 (2)+Zh :hf+tha +hL2 +hL3 +hLzu +hL5 ]

minor

Applying B.E bet (1), (2)  {datum at (2)}
2

—P—+Z +V—‘ —

Y 2g

loss —

_>(hL )toml :Zl :H

- Total head losses bet 2 reservoirs = difference in water level......!!
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M Legis Bernoulli Gasbs o osen (il ikl 2022
( pressure or velocity) sxa3 csthall (o2l e il o

teps to solve Bernoulli’s problems

pressure & velocity & ) iy (5 JS e ks
( elevation
ALl b LAY il G gunia (81 23 O o) sty s Datum JV Gl 3
J Gilise Datum Hbia) oSar &l e 52 BB, G oy s S W)
| (Aalase
vie A pull (BB dlas i ol L Copeatll o) Ao yull CilS 130 4
Continuity Equation Q = A v = Ajv; plaaiul Oidaaill
pressure or velocity ) csthell e duaal oikall o BLE. Gik 5
( or elevation
(13 3xs ¢y L Cigun) olaxa CulS 131 Josses g o 3.6
TEL & HG.L pu o asthae g8 1317
8. First, draw T.E.L |

It has two cases: Horizontal (if the fluid is ideal = no losses)
Inclined (if there is losses)
9. Then draw H.G.L from T.E.L
It has two cases: H.G.L // T.E.L if the diameter (velocity) is constant
H.G.L not // T.E.L if the diameter (velocity) is variable




aq,c tank contains compressed air;. gasolmc (8.G.=0 68) hght 0il (5.G =0, 80) and waler as

own in figure. The pressure P of the ‘air:is 150, KP:L gagc lf fnctlon is neglectcd what is the
ASS, ﬂow of oil from a 20—mm diameter _gct? -

/. Selution:
 150kPa - - -
(i)_ e mm
i : |
| - D
CAir
' B
P B o - 130m
[CGHxlihe—"] 20 m ' ‘
TR
Wa_tgr \ - - F.O m

L Since. (D‘:PA = o \(\“’\}S%"*b’

& '@\ A \50)(\(3 ,%Z%Lo g%xgﬁ,\c)) \(;33 LkZ P
App BBt © @ datimod @

.0*¥_r\)LJ\_

74
s 31\—04\-\)

J

a e N e e

i
e Vi A
| 76 d.2x B e
o : i
A T R (A B o 3/
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t:x E_
'DctemuncthcdtschargcandtheprwmaxA,H -80m
- (a) For ideal fluid flow. 4 0.05v
(b) If the losses up to section A are _,‘l.andthcnozzlclosscsarc o L
2g 2g
Solution: : :
SN T N R T g 5
SO RS R P .
Hi=80m LY
: \
Vi i A ‘\
= > =
TD]’T]SGII!

) Gae  No-losses
Aoy B E ook @4 @ dettin ot @

5 ...2_—-’\’2

D;= 5cm

2
2040 — Q%Q%y__l_ ——=\, =\2.5% w (s

9

“CQ—; Az\l“L':— ((_@’;;_E_)Zf Moy — g

& w35

~ ® o N S,

Rops B ELt @4 @) dldumat @)
¢
& i e d G R ‘; 4\_\);\ L VA

Ve

e D= sy o

\__—\___"*-__"'\-__,"——___,-\M

(DZ )zu \ .39 wifs

A

\D) C:»\%}‘QLQ\’{V({ \osses
\J ——A

— e e e e e

AW{’) B Ebe O A@ dutvnet @)

%"QO&O#L_E_B&_JO D5VS oo et NG =

\ - “J J
\——w“@?}’(vz + 0 US\J i ”f(%Vz)l 2 237

Uy = WO w s
(b-#ooz%% 5)




Pr.(c)

Water flows without viscous effects from the nozzle shown in the figure. Determine the

flowrate and the height, h, to which the water can flow.

’ ,ja\»k(m?— : @ ks

—p \/\:COC;?I_S) o = UltTl{:Vz_
BE bk ©,@¢ datumat® .
2 e 5
i ; e, Bl
— +_2_§ e + 7 4 . 8 |
Esu0® . M L (#4408 =V = S 2o
Sgro - 2r9dl . 2x9.8l
) ) 8\, -« V=12.624/5
= (P Bpyv= graesey/s
@.Eban@ e
| feern af@ \\\X %

3 +(,Z3 A e c?na/;/waf(i/'
Li;«o é%f(h)__r W =Fero

- e \,\ (? 22"
‘ ?éj 2x96.21

e }'1-: 5’3:(\4/\




*712-1 Water at 22° C flows steadily at 600 N /s through the nozzle in Fig. If D1 = 16 crn.E

and D2 = 4.5 cm, compute the average velocity, in m/s, at
(a) Section 1

(b) Section 2. Q LG /\//5

"‘3:‘_'\ Lﬁb@ @i:éf_ci, :0,0é{m%
, ' I l — IQ o QR0

S APPLA“C\\ Q\C}ﬁm;j Equackten,
i B i e

oo G

A, _ w(ole) o

N, o) ]3%.%5m/5_]

7/2-2 Incompressible steady flow in the inlet between parallel plates in Fig. is uniform, u=
U0 = 12 crs, while downstream the flow develops into the parabolic laminar profile u = a
Z(z, - Z), where a is a constant. If z, = 6 cm and the fluid is SAE 30 oil at 20°C, what is the
5 value of Unax in cmi/s?

W\/ﬁ_

LM i (RS B 1R T
bR P Pt e i

i =

g - 7
: t, -
k= =0
5 =

A
]

0 '

:

3 .

%

3

L

ot
T

2
s

49




- lz_lmwmprcssib[e steady flow in the inlet between parallel plates in Fig. is uniform, 5=

5 ; Uo =17
(s, while downstream the flow develops into the parabolic laminar profile # = a z(z, - z), where a is
SAE 30 oil at 20°C, what is the value of uy in crfe?

, constant. If zo =6 cm and the fluid is

Ech- \ Aoy | U =\26x]s ; = .
’ \ Zo = G om Ju, Zoakmele )
- "—‘—.__r : : - n £t B4 ZT' G
IR L RS R

+Consioler 0 (A2 ) iy ols(s:;‘\q\?g@(d D) \elooir (u)
§ | - - U4 dA — 0\%(& Z) 5 (d% xl.0) ?dA: dZ = 1,0%
|, ~X @7z, az2)yz |

1%y T, - o = | 5 -
7 - 7 q_:bzgé‘a_gf] Tii>g:0\ ] _Z_i—Z; “—:iq _ED

= SRR = e RO

.oz g :\)\DZC): Qjé}l_

. zl
2 Lw e s
: @\ : \l — Gu?_o Z(Z_O“ Z) G‘lcnd‘sﬂ Cl:tUOL‘}\‘\W\ "‘—-F'-@

. | .
75 the [loCatron ZANV I

< %(ZO-‘-ZZ):O e B2 L FE- B

i
s C-//,, Q/?L - Z° o\ :
e £ o ( \dd(c%$Pqu \ot;ttucn the P\zﬂcs)
Ln cqu® , 2)
i é(mzﬁ(:h————é%*é(z— ek
i Z}z ok TV e e




© 712-3 for flow under a sluice gate as illustrated in the figure, there is no significant loss. If
y1 = 1m and y, =0.20m. What are the velocities V4 and V- at locations y; and y,

respectively (assume a channel width of 1m). PR
x Perung Goivity Squdion,
: A 1 \f\ = _ A Z \/2.
Q (\j\ %) V|'=(\-52 %) \JZ
g 3'%2\12 :O\?,\/Z—;—G

x ﬁ\w\wg WE W @) Buteorack ek

9
_,‘l)‘_+%,+£ ——_PZ_—\(?:%"*\—E';; Uoveve -E—‘j

< 3 b o} % .
\44;"%]"*‘0 - \—J%E— = 5?_ + O -\ \J:/2:9 [\%;, \f] r":o‘(?-_\/l _—_‘ a, go&-\/;
2 = -

Y. ow mlsx

z <
z
.__’; \ ‘\‘(Ofl\‘]&) — 0,7 r‘_\'z \J
2x8.2| o
712-4 Water at 20°C flows steadily through the piping junction in Fig., entering section 1
with 30 gal / min. The average velocity at section 2 is 2.9 m/s. A portion of the flow is
diverted through the showerhead, which contains 76 holes of 1.2mm diameter. Assuming
uniform shower flow, estimate the exit velocity from the showerhead jets.

B) ’\\\2<\ —d:-’f‘cn:rl 5 @\\mﬂ Q‘ = FX So\l(m;n I:[ %al: 3."{_%%'*_]
e e m jo
\X e \Jy = 2:Dmis ;
¥ B - »
()e— = 3 A Bzigﬁ%@maﬁ — B.S8Me
e S
Q\:ZO R ws: L2.Cn6 e /o
\.rv\\'Y\ s
- “ e \ o) w\?/ﬁ
@, =A,V, = &Zleel, 2.9 =dlixe

50




712-5 The Iong pipe in Fig. is filled with water at 10°C. When valve Ais closed p2-p1 = :
65 k Pa. When the valve is open and water flows at 450 m® /h, p; — p2 = 180 k Pa. What
is the friction head loss between 1 and 2, in m, for the flowing condition?

£ Gooe o Aot Ualve (Stedic. Grditions |
Aopy ™S bk (©,& daum. ok @

Z B é i“\%

_ Yelr = €5x\o —G i N
s %SL\(: e

s

:éls_ﬁf%c'?e“\,o&\\/t' ,
B.E bt © @ dedion ok @ [, = hy :“]
Z\+—%‘H«~%’§-h: z+:\)_‘g%\% p\% o\‘—o\?_i

i - oS ﬁ\/ :U
i P‘___ ‘ S
\‘*‘*\“\_: IR G ey (2OXG e 7590 n
5 3210 =

7/2-6 Bernoulli’s 1738 treatise Hydrodynamica contains many excellent sketches of
flow patterns related to his frictionless relation. One, however, redrawn here as Fig.,
seems physically misleading. Can you explain what might be wrong with the figure?

P\'t‘_-'&:, et r

AV4

E (oneaidar ook ©, @
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\Weker \eve] v the PIC %omeirr}&( ak *M\\f-»Pnd the Fe !
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" 7/2-7 The liquid in Fig. is Gasoline S.G. = 0.72. Estimate the flow rate from the tank for @ ]
(a) no losses and (b) pipe losses hy= 6.5V°/(2g). , . i

Alr

P = 24psiabs
7

Pa=1 14.7 psi abs

D=15in

T —=1

7/12-8 In Fig. the fluid is gasoline at 20°C (S.G. 0.68) at a weight flux of 180 N/s,
assuming no losses estimate the gage pressure at section 1.

A0/ TR 1\,2 @:\%0_{}3{

——— — — ——— $em | V) % .
B Q=120 20 -—o00z%-¥5
X gedway T

30\5

@ = A't\]\ Y l\/z

TRV - SRSt SRV P
Al ——E‘;—(OLOSJZ b

VST e

t O (P
L#» ' =" Zz Jc-\lzak\h = |%i{-% :_}>r\)\ s \%.:kgx(d-é,%&‘}%l(

5. |




. i = = ; EEE - - . ) 211-
A The [lqtud in Fig. is Gasoline s G.=012 Estimate the flow rate from the tank for (a) no losses C
Jad (6) plpc Iosses hr=6.5V1(2g). ) :

- (?L“% @m
Agf;‘-lb(-in!alts: - g Jt‘f 5 @/ /]) g 3x Iq—q_
”f? i P, = 147 Ibint ats o 2_4.‘ /%7 3 3 I =, 3x -
] | s =123 g2 b
-. t D:éi \é G) %C %- /I/O '[0556.5 “— ' A

App BE bFt O desumak &

> = 2

A S

s & < _
—-@E—Z—k 5+0 = O+o+\’ e\ 9‘?35%/5
042«6?‘9

=& ‘ = \/ /\1 —-Ej 0e {31(75 [ %A f’?( )“‘2—3/\’10 ](]F
=) Gusc % Piee \osse s '
% ot o) o60)

\g +%~vih~% f&{-

2 :
3392 5___3#*65’\4}_ B —N; =1 %29 fi/5
AU 62.4- % : zﬁ

T @oAN, {0213 19 |




7/2-9 In Fig. both fluids are at 20°C. If V; = 2.4 fi/s and losses are neglected what :
should thé manometer reading h ft be?

) o
Apdy B e\oﬁ—muo Tkt odrCJ
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7/2-10 In Fig. water exits from a nozzle into atmospheric pressure of 101 k Pa. If the
flow rate is 160gal/min and friction is neglected, what is the gage pressure at section 17
(a) 1.4k Pa, (b) 32k Pa, (c) 43k Pa, (d) 29 k Pa, (e) 123 k Pa
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‘:F/'HI In Fig. water exits from a nozzle into atmospheric pressure of 101 kPa. If the manometer fluid
' has a specific gravity of 1.6 and & = 66 cm, with friction rieglected, what is the average velocity at

‘scelion 27

(a) 4.55 mls, (B) 2.4 ms, () 2.95 ms, (d) 5.55 m/s, (¢) 3.4 mls
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