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4. Frictional Losses in Hydraulic Pipelines

Laminar & Turbulent Flow
Reynolds Number '»
Darcy’s Equation

Moody Diagram &

Frictional Losses & Friction Factor
Losses in Valves & Fittings: K Factor
Equivalent-Length Technique "*
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4.1 Energy Transfer including Energy Losses

E Energy Losses
B Frictional Fluid Flow
B Valves & Fittings: Bends, couplings, tees, elbows, filters, strainers

F  Selection of the proper sizes
B Pipes, Valves, Fittings
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4.2 Laminar Flow & Turbulent Flow

E Laminar Flow
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E Turbulent Flow
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HEE2 F2, MEg 0 2450 ANiECl Hefrs 0| &
B Reynold Number: 8430 Ciet 24 2| H|
A= ~ pua

Ne = A E‘ﬂ L
Reynolds Number il _JaF %% oHFZU =2 &
B Laminar Flow (B&E0 2ol XNIthE= S&): NR<2000
E Transition Flow (80| 72): 2000<Nx<4000
E Turbulent Flow (Z&& 0| 2/olf XIBHEl= =8&): 4000<Ny
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Reynolds Experiment
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4.3 Reynolds Number

Reynolds’ Experiment

= Capillary

N P vale

— =
! e, =
~ | GLASSPIPE M@
TANK
E The nature of the tlow depends on the dimensionless parameter

N, :VDp

E If Ngis less than 2000, the flow is laminar.
E If N is greater than 4000, the flow is turbulent.

E Reynolds numbers between 2000 and 4000 cover a critical zone
between laminar and turbulent flow.
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4.4 Darcy’s Equation

F Head Loss (H)

Losses in pipes
Losses in valves and fittings

F Head losses in pipes: Darcy’s Equation

(5,

f: friction factor (dimensionless)
L: length of pipe (m)

D: pipe inside diameter (m)

v. average fluid velocity (m/s)

g. acceleration of gravity (m/s?)
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4.5 Frictional Losses

F Laminar Flow: Hagen-Poiseuille equation

#
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4.6 Effect of Pipe Roughness

F Pipe absolute roughness (g)
‘ \
b ) .

W Relative roughness = £
|\ D

E Typical values of absolute roughness

ABSOLUTE ROUGHNESS

TYPE OF PIPE elin) elmm)

GLASS OR PLASTIC SMOOTH  SMOOTH

DRAWN TUBING 0.00006 0.0015

COMMERCIAL STEEL OR

WROUGHT IRON 0.0018 0.046

ASPHALTED CAST IRON 0.0048 0.12

GALVANIZED IRON 0.006 0.15

CAST IRON 0.0102 0.26

RIVETED STEEL 0.072 1.8 f
s Fluid Power &=}
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Finding Friction Factor using Moody Diagram
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4.7 Losses in Valves & Fittings

B The K Factor
2
29

B K factors of common valves
and fittings

VALVE OR FITTING K FACTOR
GLOBE VALVE: WIDE OPEN 10.0

1/2 OPEN 12.5
GATE VALVE:  WIDE OPEN 0.19 =

3/4 OPEN 0.90 =

1/2 OPEN 4.5 =

1/4 OPEN 24.0 ey S
RETURN BEND 2.2 T
STANDARD TEE 1.8 wum\“ _. "mmm
STANDARD ELBOW 0.9 wpiall __Zous
45° ELBOW 0.42
90° ELBOW 0.75
BALL CHECK VALVE 4.0 Globe Valve Gate Valve

(10.0) (0.19) &

e Fluid Power &t =t




Na% s& JI=

Bend & EIbows

45° elbow 90° elbow
(0.42) (0.75)

Return bend Ball check valve
(2.2) (4.0)
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Pressure Drop vs. Flow Rate Curves

200
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4.8 Equivalent-Length Technique

F The equivalent length of a valve or fitting

H H

L(valve or fitting) — ' 'L(pipe)

(w61,
20 D J{ 29
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4.9 Hydraulic Circuit Analysis

F Energy losses due to friction
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4.A Bulk Modulus
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Effective Bulk Modulus

H == (B, Effective bulk modulus)
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Example: Effective Bulk Modulus

S
Gasg, Vg
2O,
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Bulk Modulus in Gas & Container

F Gas
- .
Polytroplncf’rocess B d_p _nP=p
pVv =K dv g
B isothermal compression: n=1
f, =P
B adiabatic compression: C
B, = C—p P=yP
E Container (for steel pipe) '
E thin-walled cylinder
D: inner diameter of pipe tE
t: wall thickness Fe=5
E: modulus of elasticity
B thick-walled cylinder E E

e =i~ 25
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Bulk Modulus: Effect of air
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Bulk Modulus: Effect of air

D0 SH U 898 2| %0l 02 95 X WA H 29 =
W& H=Hl2 HalE =50 Tt LIEHH R P Ol S=(Isothermal)
2=0 L2 n=10|/0H, &< (adiabatic)2 & 20= n=1.40|C}.
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4.7.A Orifice Flow

E Orifice Flow

E RS0 U LHARM RSHE 6t B2
B orificeE & SISt FM £== HEY IS GHEAID|I| F6HH
ARO KT ECHH SOtk S L

Turbulent Orifice Flow: LH £ 22 orifice Flow
242 0| XA

A LS8 JrE0l Qe &5 &

E Laminar Orifice Flow
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J o
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Turbulent Orifice Flow

E orifice &2 110t 20{l Al Bernoulli’s Equation & &
2

£+7+ gz = constant V& “zz_gpmz
Yo, Uy 1
2
u22_u12:_(|31_P2) Ao
o,
FoHIZES QAN s A — /

AU, = AU, = Alg u, =—=u,

A \'
1 \/(PP) l ﬁ)ﬁ

(A A) Ve N~
0=C.AL A, 102 Az 3
- CAZA;A& JZ(P P,) = dA)J (R-P)
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Orifice Flow Equation

E Orifice Flow Equation

2
=G, —(R-F
Q 'Ab\/p( )

. Discharge coefficient C,= - -
. Velocity coefficient \/1_Cc ('A\)/Ai)
: Contraction coefficient
: Orifice area
C
: Vena-contracta area 'Ab
- Pressure at 1
- Pressure at 2
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4.7.B Discharge Coefficient

Von Mises2| ol &

Steady Flow

No Friction Loss (Viscous effect are negligible)
Irrotational Flow

Two-Dimensional Flow

Gravity Effect are negligible

The Fluid is incompressible
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4.]7.C Contraction Coefficient

Contraction Coefficient and Discharge Angle for Two-
Dimensional Spool Valve
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Contraction Coefficient

F Jet Angle and Contraction Coefficient at Small
Clearance for Two-Dimensional Spool Valve

20

s Fluid Power &=t




Contraction Coefficient
F Contraction Coefficient Variation with Poppet Angle
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Contraction Coefficient

Contraction Coefficient for Flapper Nozzle
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4.7.0 Discharge Coefficiente] &

E Slot Type Orifice

T T T T
— 4 Round pipe orifice
D d Dimensions shown
R | ¥ are diameters
09—

C. l Rectangular slot orifice

b Slot is b wide and w

i l long, where w>> b

0.8

1
Ce 142( & - &) tan £

= 1+2(E -1 Ceb //
T\Ceh B
0.7 >>
/
L
m/(T+2 )\,//
065 0.2 0.4 06 038

(b/B)* or (d/D)>?

1.0

-32-

H4Z 22 J|x
=9 =
E Short Tube Orifice
Lo 77777 T T TTTTT T TTTIm T TTITIT
I 0816— — ——,
0.7} —
R=DoQ/uA
Q = C4Al(2/p)(Py = F3)I* -
0.1 Lo it oLt L L1t Lot
1 10 100 1000 10,000
. DR/L
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Discharge Coefficient vs Reynolds No

F for acircular sharp edged orifice in a pipe

e Fluid Power &t =t




Na% s& JI=

Experimental Variation of Discharge Coefficient

F for segmental orifice

! v (mm)]
R « 013 -
i j’” a 026 _|
- 4 038
== ° 064
o
A=A A7 0 wemSpas-52 888
Lmm = H
'
c Mt <
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044 o® — “The
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02— -
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Report

E Text Problems
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B 4-38
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