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Fluid Capacitance

_ change in stored mass _ dm

C m
change pressure dp
c
m,———————————- !
For a tank, i
" ;
General fluid capacitance
dm _dp For liquid level system, C is defined as
dt dt Gmi Ao C_ change in liquid stored m® N
change in head m
cdp_ dn_
dt P dt Gmi = Omo use h(pressure head) , instead of p.
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Fluid Resistance

R - change in pressure  dp P
changein flowrate dq_ |
a=0pmr R,
1
op
_P For laminar flow id I
qm - R : 8%1
p Amr q;,
O, = R For turbulent flow
|
For liquid level system, C is defined as
_ change in level difference m dh

R

changein flowrate m®/s N dg,
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Liquid Level Systems

Control valve

Resistance

Capacitance

_ change in level difference m _ change in liquid stored m®

R C
changein flowrate m°/s changeinhead ~ m
S H
Steady state : Q. =Q=Q, = =
consider, Q, = H Q-Q,=C aH

R’ dt
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Basic Concepts

Laminar flow : When the viscous forces are dominant (slow flow, low Re) they are

sufficient enough to keep all the fluid particles in line,

then the flow is laminar. S S
:---“":T._ T— af L

Turbulent flow : It can be interpreted that when the inertial forces dominate over

the viscous forces (when the fluid is flowing faster and Re is larger)

then the flow is turbulent. o i
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Reynolds number (Re) : The ratio of inertial forces to viscous forces.

It is used to determine whether a flow will be laminar or turbulent.

ovD u  the dynamic viscousity of the fluid
Re A

D : diameter Re> 4000 : always turbulent
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Laminar Flow

Cylindrical pipe
128vL

vy Pl o P2 = pgh’ Q 4 h
N | & gzD
N \_l_/ v . VISCosity,
Py P, L :length of pipe
T b D : diameter of pipe
< 3 >
h 128vL
= —= K h, R — S/m2
Q R I g7Z'D4 [ ]

Q :steady —state flow rate
K, : constant

h :steady —state head
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Laminar Flow

Liquid level dynamics : CCL—I: =Q. —-Q,

=Q+q,-(Q+4,) =0, -0,

d_H:i(H_Jrh):@

dt dt dt
- H+h h
= + e , e

Q =Q+0,=—— Q=7
dh_ 1,1,

- — =
dt CR C
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Turbulent Flow

2

Q=C -a-J—(Pl—PZ)
o,

o . density, a:area, C, :discharge coefficient

steady state: Q =Q=0Q, =K. vH
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Turbulent Flow

Liquid level dynamics

Cdd—l;I:Qi_Qo :6+Qi_K\/ﬁ

dH 1 1
E—EQi_EK\/ﬁ— f(Qi’H)

10°f

B (Q. _Q) +§ aQiZ

_ _of
f(Qi,H)—f(Qi,H)+£

Q.H

— 1 0°f
H-H)+—
. APTEE

(H-H)*+---

- 1 = |1 K
=—Q-=<K H+(_qi_ —
R FoR PN =

Q-9+

hj+ high order term
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Turbulent Flow

dH _dA _dh
dt  dt dt

= @—iq— A h
dt C" c.2Jn

(dh 1 1
—=——-h+
dt CR C for small g
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L_inearization

o, Q=Q+q=KvH+( )-h
—f(x), y=1f(x), X=X+AX
T y=1(x), y=1(x)
- of 1 0% f
= f(X)+—| -AX+—
Bl y ()+8x; +2! Ox? |-
Q
— of
~Y+—| -AX
R y GX;(
H h H o
y-y== (X=X) = K(Xx=X)
X
yzf(Xl,Xz)zf(Xl,X2)+a— (X1_X2)+a— (Xz_Xz)
1% % X2 I %

= y+ K (% = %) + K, (%, = X,)

Y=Y =K (=) + K (% = X,)
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Summary of Liquid Level Systems

Laminar flow

Turbulent flow

dh 1. 1
LB
dt CR C
q =1
°~ R

oH 2yH  2JH
R:_: =

Q K C,a./2¢

(-.-6: K\/ﬁzcda\/%:cda@\/ﬁ]
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Liquid Level Systems with Interaction
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R
¥
| ‘lQi =Q+q, Steady state :
Qi :QZQl :Qz
H,=H, +h R — R H —I__I I__I
’ H,=H, +h, 2 — 1 2 _ 2
% ¥ R, R,
C —_— C EEE——
! Q1:Q+q1 2 Q2:Q+q2
dH, = _ d
Liquid level ~ C,—*=Q+q,-(Q+q,) - Cld—r}:qi—ql
dynamics :
_ 1, — _ —h
Q1:Q+q1:_(H1+hl_(H2+h2)) - qlzhl :
R, R
dH — — dh
C,— = Q+®—(Q+;) - C— =40,
- H,+h, h,
= + = —> = —
Q:=Q+g == =
b1k Seoul National Univ. Spring 2011



Liquid Level Systems with Interaction

dh, __1(h-h) 1
d¢ C | R qq‘

d, 1(h-h) 1h,
dt C,\ R ) CR,

\

Q) _ 1

Transfer Function = = >
Q(S) RCR,.C,S*+(RC,+R,C,+R,C,)S+1
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