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Lecture themes

Flow rate — Pure joy?

Pressure in system — Constant or what?
Efficiency — What is that?

Power — Forms of
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Pressure losses induced by flow

dv[
T=n@ iy

- - ] 7,—*F,7

Flow induced pressure losses are categorized to losses occurring in
w straight flow channels of constant cross-sectional area
w complex flow channels (direction and/or velocity of the flow changes)

Total pressure loss of a system is a sum of these
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In straight flow channels of
constant cross-sectional area

- pipe length |

Dp = lex[xv2 - pipe diameter d
- flow velocity v

I = friction factor

Reynolds number
_ _ 64 Re=vD/v
For laminar flow I = Re _velocity v
- pipe diameter D

For turbulent flow ~ Moody diagram - kinematic viscosity v
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käyttäjä
Tekstiruutu
Reynolds number
Re=vD/ν
- velocity v
- pipe diameter D
- kinematic viscosity ν



Moody diagram
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käyttäjä
Tekstiruutu
Relative roughness

käyttäjä
Tekstiruutu
Laminar   Turbulent


Laminar friction factor
A= 64/Re

Use Moody chart or Approximation below for turbulent friction factor

6.4

Aturb —

lln(Re) —In (1 + 0.01Re (1 + 10\/5))]2'4

Avci, A & Karagoz, I. A Novel Explicit Equation for Friction Factor in Smooth and Rough Pipes

There are many approximations for friction factor but the one above includes also
relative roughness parameter ¢ (= R,/d).
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Dp = lexixv2
d 2

D I?urb

D Ham

In straight flow channels of
constant cross-sectional area

op | /

_ Dq, Dq, //
~

. /
. //’,

o—-.//.‘ T T T T T T T B—
0 ar req - A

Laminar region Turbulent region

Transition region

A

Aalto University
School of Engineering



In complex flow channels (direction

and/or velocity of the flow changes) _
Minor losses

Dynamic pressure

,
Dp =z x—xv?
¥ 2 1/2 pv2

Z = loss factor, resistance coefficient

Numerical value for z from tables or characteristic curves
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Minor losses

käyttäjä
Tekstiruutu
Dynamic pressure 
1/2 ρv2





This valve can be interpreted as

Characteristic curve - four orifices:

PA-PB-AT-BT
4/3 Directional control valve A B (FOUF “control edges").
4 way It ><
3 position WAIRICEVANAW
T
D p 14 ]
[bar] 12 / P-B
10 / A-T
‘ ,/ BT
6 7/ ’/
“ /’éé/ P
um
= T tank
’ 0 10 2IO 3I0 40 50 60 70 80 90 100 A aCtuatorIS A Interface
B actuator's B interface
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Converting known pressure loss
to another operating point

2

£q,, 0
Dp, =§M «Dp,
Qvi g
r
D = 2y D
p2 rl pl
Effect of viscosity 0,25
Approximation for common Dp, » &N, 2 xDp
valves ? nléf '

If flow rate changes

If density changes

Attention!
For a pure orifice the
viscosity has no effect
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käyttäjä
Tekstiruutu
Effect of viscosity
Approximation for common valves

käyttäjä
Tekstiruutu
Attention! 
For a pure orifice the viscosity has no effect


Total pressure loss of system

L LTI s
Dp, = Al ><—'><—'><vi2 +az, x—‘fo
i=1 DH,i =L
pipes + minor losses

Significance of individual loss components?

A
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Pressure of a system

In each point of a system the prevailing pressure builds up on
- external loading of the system

- Internal loading of the system (= pressure losses)

o 2p*T,
External Ioadlng, 1e., pex,c - K cylinder pex,m = Y motor
pressure demand of g,m
o o

the actuators Pexc = QA Poxc * QA Pexin
Internal loading, ie., N1 | N2 r

- - 2 i Li 2, 8 iyy,2
flow induced Dp.=a XD—X?XVi taAZ; X7XV,-
pressure losses =1 Hi =
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® Pressure in observation point Py =

b
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Hydraulic power and efficiency — introduction

P=qg,*p
P,d,
Power
‘ transmission
Generation Use
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Power — Utility or Loss

Pout =quDp Ps :qvxps

Utility: Loss:

- cylinders - cylinders

- motors - motors

- pumps - pumps
- control components
- piping

- maintenance components

Power demand of system: P, =P ., +P.
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®

Efficiency

I:)in = I:)out + Ps
ht — Pout
P

Poue = P 111,

Ps = I:)in x(l_ht)

Total efficiency (related to power)

Less power out thanin, ;<1

A
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Efficiency terms of hydraulic energy converting components

Pump as an example

100
U Wy
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Volumetric efficiency n,

effect of leakages
Hydromechanical efficiency nnm
effect of mechanical and flow friction

h. =h, xhy,
‘ h 100 /7 |
ﬂh— —+"'hm
~ m [%] 3~ — n,
~ ol /) ~>-
17/ ht ~I
T 7
2] Dp= constant -
1
Dp 0 n
Energy converting components P, . =P, *h,
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Energy converting components

:T><W><ht :quDp

:quDpxht =T xw

Pump : Pout,pump
Hydraulic motor : Pt motor
&0 _ P

Cylinder : I:)out,(:ylinder = Qv Xg Pin —

Utility power — Power l0oss

A

Pou ¥, = Frv
]

w = 2Tn

Unclear way to
represent power
losses!

A
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System efficiency

Momentary total efficiency:

P

—  out,mom
h tmom P
in,mom

Total efficiency of work cycle:

N
é. IDin,i Xht,i xti
h — Vyut,wc — i=

t,wc N
VM'WC é Pin,i Xti
i=1

A
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Hydraulic system heats up

Power loss turns into heat
P.=P_ -P =P

S,SYs in,sys out,sys in,sys

X(l_ht): Pe

/ Part of the heat

System — ¢g. — stores in to the
’ system thus rising

Its temperature

Surroundings

Part of the heat overall heat transfer coefficient

S [W/(m2-K)]
transfers _tO the By = AQCuy; *A  heat transfer surface area
surroundings i=1 [m?]

Ability to transfer heat (B), [W/K]
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System temperature sets to a value at which

P -p =P Settling time depends on
heat-transfer — "0 ~— ' ssys :
time constant <.
Effect of surface area on asymptotic temperature
i Py, 0
rc) . —— G =G+ Cl-et s
~ A, B, g
: /
Oe1 —
1 L7 A Temperature as a
/4 1 _ P.os  function of time.
] / qe - qO + B
_ A>Pol— " New stationary
o T—— T T temperature after
0 t the transient.

Ability to transfer heat (B), [W/K]
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Lecture themes - Recap

Was flow rate just pure joy?

Total system pressure — Contributing factors?
System pressure — Same everywhere?
Efficiency — What story does it tell for us?

Effects of power losses on the system?
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