Appendix B

Linearized Models

B.1 Models with Surge Tank Effects

B.1.1 Model Qi

» Equation of the flow in the penstock:

_ U _— aU_ — _ _
AU ="=M\H+-=[AG =a, [DH+a. NG
oH G B %

» Equation of the mechanical power:

AP, :%&mﬁ+%mU:aﬂmﬁ+a23mU

» Transfer functions F(s) and G(s):
1+ G [ani(T,, [s)

F9=D Yoo %
H -H ®, +G(s) +z, [Manh(T,, [3)

— ¢C+SD-WC
,— U, 1+s[C [ +s" [T, [C,
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Ideal values for the Francis turbine ayg=d0.5, a== 1, ;1= 1.5and =1

1-o, -z, danh(T,, )+ S ganHT, 5)- 6(9)
AP, p
AG 1410500, +050z, (T, 5+ 0.505(s) + GZ(S) danH(T,, [3)
p
B.1.2 Model Qino
« Equation of the flow in the penstock:
—_0u ou
AU = —[MH +—[NG = a,, [A\H +a,, [A\G
oH oG = %
« Equation of the mechanical power:
AP, = aP_m [AH + 9P [AU = a,, [AH +a,, [AU
oH ou
» Transfer functions F(s) and G(s):
L 1+ GO qT,,3)
F(g) = 1= %
H, ﬁ CDp +G(s) +z, T, 3)
G(S) - Es - EO - ch +SD-2WC
U,-U, 1+s[C [P +s [, [C,
Ideal values for the Francis turbine arg=a0.5, a;= 1, @;:=1.5and g=1
~ 1-0, -z, 0, B+ G(S)EI' $-G(9)
AP, _ Zp
AG 14 05mp, +05(2, T, (§+05G(s) + 2\ [T, (5

p



APPENDIX B

B.2 Models with no Surge Tank Effects

B.2.1 Model K,

« Equation of the flow in the penstock:

. 9U _— aUu
AU ="=[N\H+-—=[NAG =a,, [DH +a,.[\G
oH G s %

» Equation of the mechanical power:

o, 0P

QJ
50l

AP, = —"[AH +—-"[AU = a,, [AH +a,, [AU
oH ou
» Transfer function F(s):
F9 =t o= L
H -H ®, +z, Ganh(T,, [3)

Ideal values for the Francis turbine ayg=d0.5, a:== 1, ;= 1.5and a&= 1

AP 1—CDp -z, [an Tep E'l;)
AG  1+050®, +05(z, danHT,, 3)

B.2.2 Model Gj

« Equation of the flow in the penstock:

—_0 ou
AU = —[MH +——[DAG = a,, [AH +a,, [A\G
5 G a; &3

» Equation of the mechanical power:

AP, :ai_mﬁ+%mu a,, (AH +a,, [AU
0 ouU
» Transfer function F(s):
F9 =t o= L
H -H ®, +z, Ganh(T,, [3)
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Ideal turbine: =05,a>=1,a;=15and a=1

Non ideal turbine:

AP 1-z O,  1-T,.B5
AG 1+050z, 0,3 1+050,,3

Ar)m — d-"' (an — a3 @21/a23)|:rm K

AG % 1+a, T 3



