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3 . Vi D p H

% £ / M ﬂ r =3 primary dimensions
= L? L
@ Select repeating parameters p, V., D. m = r =3 repeating parameters
(5) Then n —m = 2 dimensionless groups will result. T
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- Viscous force ~

- Pressure force ~

~Gravity force ~

Compressibility
- force ~

o viscous
~onertia

pressure
inertia

~'

gravity
inertia

surface tension
inertia

- compressibility force

inertia
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~+ Velocities at corresponding points on model and
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'R Laminar versus Turbulent Flow
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Differential ——
control
volume

(a) Geometry of CV (b) Forces acting on CV

o g Fig. 8.3 Control volume for analysis of laminar flow between stationary infinite . R
S parallel plateS.

Prof. Dr. Ali PINARBASI © Fox, Pritchard, & McDonald




- Basic equation:

e = 0(3) — O(l)

B Assumptions: (1) Steady flow (given)

R (2) Fully developed flow (given) B

S o (3) Fp = 0 (given)
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Example 8.1 LEAKAGE FLOW PAST A PISTON

A hydraulic system operates at a gage pressure

of 20 MPa and 55C. The hydraulic fluid is SAE \—a=0.005 mm
10W oil. A control valve consists of a piston 25 py = 20 MPa (gage)

mm 1n diameter, fitted to a cylinder with a
mean radial clearance of 0.005 mm. Determine

the leakage flow rate 1f the gage pressure on the |

L=15mm

low-pressure side of the piston 1s 1.0 MPa. J

(The piston is 15 mm long.)

Assumptions:

p> = 1.0 MPa (gage)

(1) Laminar flow.

(2) Steady flow.

(3) Incompressible flow.

(4) Fully developed flow. (Note L=a 5 15=0:005 5 3000!)
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m-s 1 kg-m

0 = %XZSmmX(OOOS) mm® X (20 — 1)106 N

X .
0.018kg  10° mm R
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As a representative value, 7

often 1s used for ﬁllly DRI

developed turbulent flow:
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lf
o (D) WE05 Woge, = 0.

® | o D) W0

______________ ¢ ) ~ (3) Steady flow.

| y) AR .
o _'%) L___________..J /l—_v - (4) Incompressible flow.

* ~ (5) Internal energy and pressure

Fig. 8.12 Control volume and coordinates for S s f; 1 d2
energy analysis of flow through a 90° reducing elbow. uniiorm across sections 1 an .
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Pipe Millimeters

Riveted steel 0.9-9
RS - Concrete 0.3-3
S - Wood stave 0.2-0.9

oo Cast iron 0.26
~ Galvanized iron 0.15
Asphalted cast iron 0.12

o Commercial steel or wrought iron 0.046

s Drawn tubing 0.0015
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~Minor Loss Coefficients for Pipe Entrances

Entrance Type Minor Loss Coefficient, K*

Reentrant 0.78

Square-edged

—_— E— 0.5

g D
*’ Rounded ana— r/D | 002 | 006 | =015
:;;5 — i

r—— K | 028 [ 015 | 0.04 -

i Included Angle, 8, Degrees

R A>IA, 10 1540 50-60 90 120

SRS A, 0.50 0.05 0.05 0.06 0.12 018  0.24
s ——> 0] ¢ 0.25 0.05 0.04 0.07 0.17 0.27 0.35
Sone Q4 0.10 0.05 0.05 0.08 0.19 029 0.37
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Contraction Expansion
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RN o i AR=(1+£P—tan¢’)2
........... o ‘1

=N
o O
[

(o
I

I
|

w
i

~ Area ratio, AR

o 12- /

S R 0.5 0810 15 20 30 40 50 8.0 10.0
S I Dimensionless length, N/R,
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Calculation of He
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RPN CV,— CV;- L
RPN N \ Q=2.944 m3fs |

e ﬁle\.l_ __________________________ — PRI,

T 5— - D N | RSP PRPS
I U_n=0-85|f’1‘,/—‘—‘-h'g_<J»'\2:' ‘ Ll) RS

o ' p, <8.27 MP2 py > 344.5 kP2 o
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~ Assumptions: (1) a,=a,

o (2) Horizontal pipe, z,=z,.
(3) Neglect minor losses.
(4) Constant viscosity.

e

-

= o
L L V
.. g

L =222 here f = f(Re,e/D)

ni I pv
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Example 89 CALCULATION OF ENTRANCE LOSS COEFFICIENT /®
________________________________________________________________________ A"
B et T
~ Hamilton reports results of measurements | -
- made to determine entrance losses for flow | i
- from a reservoir to a pipe with various degrees |"~7>7™ -
~ of entrance rounding. A copper pipe 3 m long, | i p—s8m
~ with 38 mm i.d., was used for the tests. The | { v |
___________ | e
~ pipe discharged to atmosphere. For a square- | | T )\8016 .
________________________________________________ PRDSPIL. TRV @SMuaT _ 0.016 ms
- edged entrance, a discharge of 0.016m*/s was — L=3m g‘
- measured when the reservoir level was259m. &
- above the pipe centerline. From these data,
_____________ te the loss coefficient for a square-edged
:;:;:;:e_n:trancez;;i:::::::;;;; -------- 25(2) .................................. :O
V- V32 B R R
|J+ga=p'+%;=+83+M¢;;;;522522
____________________________ = e L
I 7 B
hy =55 * Kentranee 5=~
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G VD - . o

m
oo Re = —— =14.1— X 38 X X S
i v S i 1000 mm 9.75 X 10“7m2 RIS
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s U 2n? i 1 7+181 """"" R863
AR B o S (N — RRSSNY n=—-—Il. 1. O e, ~ 0. L
fffffffffff V (3 + n)(3 + 2”) fEfEfffffEfEfEfEf-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-g-(:-:-:-:g-):-:-:-:-:-:-:-:-:-:-:-:-:EfffEfEfffffffffffffffffffffffEff
YV 21 .
U (n+D@a+1y T
m 52
S (14.1)’m
e
il oo _ V2
RSP FS S ‘ 0.4592_2
sl il \ S —Y g .
SRR e S Energy grade line
SR 15 \ T s = /
e % “ “ fLV% ~~~~~~~
IRIEORIEDRIEIRNE [~ — 'y By, Tm=ad N
g S V3
ols | \ T~ | 12
::::::::::::::: L — ﬁ—_ = - - - - - -;-I‘\—EX”:
DTSSR \
DRI / \ \Hydraulic grade line
R Entrance \ X .
S Local velocity reaches a maximum
S at the vena contracta.
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D =38 mm.
D =38 mm.
D =50 mm.
D =38 mm.
, D =38 mm.
D =25 mm.
D =38 mm.
m, D = 50 mm.

TOmMmPOm>
al el ol SN SN Sl o
L | | | | N | I
b ) L0 ) W OY W
333333

FEJEFE
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QA = QC = QD = 625.6 L/Il‘llll R

~ Qg(L/min) = 272.0 L/min e

 Qg(L/min) = Qy(L/min) = 353.6 L/min

 Qp(L/min) = 87.1 L/min

 Qg(L/min) = 266.5 L/min
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p[l — (A2/A1)7]
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M actual = -7 V2p(p1 = p2)
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- Useful Equations

- Velocity profile for pressure-driven

e a (9 ’
- laminar flow between stationary parallel =5, (_P) [@) - G)]
- plates: I

Flow rate for pressure-driven laminar
- flow between stationary parallel plates:

Velocity profile for pressure-driven 2 /9 N2 q
laminar flow between stationary parallel y =L (2) [()L) - _]
- plates (centered coordinates): 4

Velocity profile for pressure-driven 2 /8 5
"~ laminar flow between parallel plates u = Uy . 8 ((p) [G_I) _ (X)]
- (upper plate moving):

Flow rate for pressure-driven laminar 0 Ua 1 /8
- flow between parallel plates (upper plate T ( p)cf

i . 2 124 \0x

e moving):

Velocity profile for laminar flow in a R? (0p a2
- pipe: “=TT (a) [1 (%) ]
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Flow rate for laminar flow in a pipe:

Q=- TR' [-Ap TApR'*  wApD?*
8u L SulL 128 L
" Velocity profile for laminar flow in a pipe u r\2
- (normalized form): T = 1 — (ﬁ)
Velocity profile for turbulent flow in ™ N A 1n
" a smooth pi ower-law equation): —_— = =11~
o pipe (p q ) U (R) ( R)
Head loss equation: -
.

Major head loss equation:

=
o157
Friction factor (laminar flow): 64
= flaminar E
Friction factor (turbulent flow— 1 e/D 251
~ Colebrook equation): -ﬁ =—2.0log ( 37 Re\/f)

Prof. Dr. Ali PINARBASI

© Fox, Pritchard, & McDonald




“ Minor loss using loss coefficient K:

Minor loss using equivalent length L.

- Diffuser pressure recovery coefficient:

_F =
C;? - 1 -2
5PV
Ideal diffuser pressure recovery 1
" coefficient: Cp=1-—
Head loss in diffuser in terms of pressure
- recovery coefficients: h, = (Cp—G)—5

Pump work:
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Pump efficiency:

Hydraulic diameter:

Mass flow rate equation for a flow meter
- (in terms of discharge coefficient C):

CA

Mactual = _m -\/Zp(pl - p2)

Mass flow rate equation for a flow meter
- (in terms of flow coefficient K):

M aerua = KA/ 2p(p1 — p2)

Discharge coefficient (as a function of Re):

e = T

n
Rep,

" Flow coefficient (as a function of Re):
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Toy=H4— F,__ =14 T=FR [5G=p/Pumo| [P=SGxpmo|l v= u/p.

Vv
E=lp (N/m?) F=rA=M%' (N) F=ﬂA; (N)

Pgagez s — Pum AP =P,— Py =pglAz=17,Az

Pac=Pun—Pas  P=Pun+pgh Pryo = pgh

+ .
yp—=Jyec -
[vc + Po/(pg sin H)]A
Amab, fy o=ab¥12 A=wR?, By = R Ammab, o= wab¥d
i} Rectangle () Circle ) Ellipse
.. —i & i Ik
e T I ks
A=ahid, [, o=ab¥i36 A=wRYL, 1, o= 01097575 A= rabi, |, o= 0,10975Tab
oy Triangle (e) Semicircle () Semiellipse
a
P,=Pi=—pax;—x)—p+a)—2) Az,=2,—73=——(X,— X))
g t+a,
—p = —and ’ 2= ho— R - 2%
+ ol =illg i e 1
gta, 5 23J;+h,; g 4g ﬁzﬁm=2;(R)—z.;[0)=;—gR’

=

Pﬂ’l _’_ s - — — —
P=P=—-(i-rD-pgea-z) 2 F= gﬁm"‘ ;.ﬂm“' Frody = Mioayd = 5, BV — 3 BrinV
in out
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