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Project Title : Design fixed blade propeller hydro turbine for generating electric
power 1 kW 7
Name ; Mr.  Worachet Mongkolsatien code 46360939
Mr, Somyos Boonarj code 46361002
- - 7 Mr. Suwicha ~ Panthong ~code 46361036
. Project Advisor __: Assist Prof. Kwanchai Kraitong
Department : Mechanic;ﬂ Enginccl:ing
Academic Year : 2006
Abstract

This project is aim to design fixed blade propeller hydro turbine for generating electric
power 1 kW by using velocity triangle of hydro turbine to find diamefcr ratio, inside diameter and
shape of blade for hydro turbine. The design condition was turbine operating at flow rate
63 liters/sec, head 3 meters and speed 1000 rpm.

From result of this design we got fixed blade propeller hydro turbine with section
aerofoil MI1 120 of blade shape, 4 blades, 0.35 of diameter ratio, 5 centimeters of inside diameter
of runner. At design condition, the hydro turbine will operate at 97.92% of hydraulic efficiency
and produce 1810.24 watts of shaft power and generate 1267.7 wails of electric power when

contact with 70% efficiency generator.
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(Nan: hydraulic machines theory and design)
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(Na; hydraulic machines theory and design)
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(Rw: hydraulic machines theory and design)
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Hwn: hydraulic machines theory and design}
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(ﬁm: hydraulic machines theory and design)
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(M17; hydraulic machines theory and design)
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(ﬁm: hydraulic machines theory and design)
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Ve, 35
V= cos( 3, —90°)
Vi= V2 + U2 1U cos(180° —B,) .....c...... 3.6

= o o 1 1 4
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INPUT*H=3,N=1000,p=997
Q=0.063,9=9.81
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A1=156434, A2=4 44"

Di<=0.06

r Yes

D ratio=n+0.05

Do=Di / (D ratio}
L
U=(pi*Do*N)/60

VE=[4*QMpi*(Do"2)* (14D ratio”2))
Y

Kn=VE(2#g*H)"0.5
Ku=U/(2*g*H)"0.5

[
B2=atan (V/U)
h 2
B chord=B2+A2
Y
Bl=pi-(Bchord+Al)
v
V1=V cos (B1-(pi/2))
v

VI=((Vr1"2)HUA2)-(2*Vr1*U*cos (pi-B1)P0.3

Vul=((VI~2)-(VE2)0.5
_ — j— [ [ Sp— S *7 P —

T=(Vul*U)/(gtH)
v

P=r1pgQH

Yes
PRINT 0.35<=Km<=0.6 . PRINT
“Error” 0.9<=Ku<=2. 4 * D ratio ,1i,Do,Vul,B, 77
BI=>90
77 =<] *
Di=Y+0.005

717 3.6 naasumnuRsMsAnNm D, uaz D, Amidderiu

¥
a

fa] = =
Wiidssansmngage
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a
- ANUG2T (N)
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- ANUHUMHNYe (o)
-anuse lue9veslan (g)
- Y9 Profile Aerofoil LAI1 MH 120 fio Y 4, ko 4,
fvuaioulvit sasrdrauduiuguinaranoludodudugudnaraniouen

v
1 1o o o o = o g o ar
(D ) deennmseminn 0.6 audlhufievziiniseu Tadsunsy duiluasfiinsfiulmu

ratfo

' g 1 & o 1 = 1w
doluasidueulvvesnadusiugudnannelu (D)) Tavdmuad D, Fudumiiy

ratio
0.35
I3 & 9! 1 4 T 9r 3 - o
ﬂmuﬂmu”lwawmﬂmumugmﬂnmqmﬂ"lu (Di) N Dr. HagNNHMIBNINU 0.06

- = do [ q’ ; o ar o 1 A (Y
luﬁﬁﬂuﬂuﬂiQﬂﬂ']u'Jm?ﬂﬂ'lGnQ ¢ PNU ﬁ’]ﬂlﬁ’]ﬂﬂiﬂﬂﬂ‘]ﬂuﬂﬂ‘l D’- GUAUNING 0.01 LUAT

N, R
Dmlia
D
2.U=ﬂoN [1Y3 b Vf= 2 4Q2
ﬂDo (].—D raria)
V
3K, = L oy K, =Y

V
a0
4.32 = tan l(‘g)

5. Boora = By + 4,

6‘ B[ = ﬂ._(Bdwm' +A1)
V

7.V !

" cos(B, —(/2))
8. ¥, =2+ U +2V,,U cos(z — B,)




39

ul I
17!1'1[]
10 T;J =
eH
11. P=npeQOH

__ . asnadeum K K B, p-nedluiaenlvlumseenuuunselu d1lusgezuaasma
1 T] a

[ T

] 3 o [ o a i
1 emor”  tegfiiinsuaaswan D, D, D,, P, "wd1wmsiiind1 D,8n 0.005 aul
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N3N 3.8 AWITOUFAITNNT NMIFIUINHISZEEchord (/) WBanariutihulua

1adasn 1ail
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10w 3.8 uamausaninsziwaluianaruii
(w: hydraulic machines theory and design)
VINGUAM 3.7 F = Lsin(B, +£)—Dcos(B, + £) rrriineeseserersanesmmnn39
VAAUANE 240 fiD = pV A, = pV 1 (V,, V)
2
vnaums223 de PV mCe
2
VINAUN1S 237 e e=(1—7)sinB,
A D
) NNTUANIT 2.35 a0 fang :f
@b L waseuns 3.9 iedagalln
F ) D
—=5in(B, + &) ——c08(B8,, + &) et 3.10
L ale

Aﬂ' ) 1 D or rﬂ
e L,e, F, uaafsmu“luﬁums 3.10 ATy

PV K V.0
B . I/lf V"Uz V""l =sin(Bm+£)~tan£(cosBm+8) ......................................... 3.11
e £) —tan g(cos B o+ g) vt
Eme[CI -
gt
dagdaums 3.11nad dariu
ViV s Vud 3.12

l:
V:m (. Gin(B, +e)—tanecos(f_+¢)
¥ [
vIndua s sAnN9dY anAtumszez chord Uaeyy B, v09lu

b d 1
Aariih ensupudsdagUi 3.9



INPUT *H=3,Q0=0.063,N=1000,Di=0.05,z=4
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De=0.14286,D ratie=0.35,#=0.97920
A115.6434,A2=4.444,CI=1.1988883”

2
VE= (4*QY(pi*(Do"2)*(1~(D ratio”2)))

No

R<=20
Yes

End

Dix = DiHX*(Do-Di)/20)
v

T = (pi*Dx)/z
U = (pi*Dx*N)/60

v
B2 = atan(V/U)
V2 = ((UM2)YHV2))M0.5
v
Behord = B2+A2
v
B1 = pi-(Bchord+A1)
v
Vrl = Vi/cos(B1-(pi/2))
v
Viu2 = Vr2*cos(B2)
Vrul = Vrl*sin{B1-(pi/2))

v
Vrim = (Vr1+Vr2)/2
Bm = (B1+B2)/2

S 2
- E={l-ny*sin{Bm)

v

1= (2FV ¥ (Vru2-Viu)Y/(CI¥Vim"2)*(sin(Bm+ E)-(tan{E)*cos(Bm+E))))

v
/ PRINT ** Bdmm’ 5l " /

v
X=n+1
[

] b4
314 3.9 uaauwUAINIMUINMIIZOE chord wazaym B, , vaeludaiin
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1. b, = D, + (L =L0%,
20
2.1= D, wagy /= . N

- ) , S/« {

v —
3. B, = tan™ (mbj?) oz ¥V, =JU” +V]

-1 Vf
4. B, =tan (?)

5. Bl =7E—'(Bchor¢i +A1)

Vf
6.V, =
cos(B, —(z/2))
1. V=V, c0o8B, g V=V, sin(B, —(7/2))
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10. ;=

¥ T 9
VINTULTAINDSTIZANINGTD chord wagyu B, udwhmaiusdiduiiuaonmes

o o o oA I=f o 9 A 1 d o
wuihantaz 1 aunnden ludludia dudeouluduiefen Tusunsy

e||

e

2D

Una




NN 4

Hanisaeniul

fvsumseonuuuneiuiniuldudemsoonuuuitiugesdaufon sfiuduman
ar [ r s 1 T 4 { o
ﬂﬂmummmﬁ’umuqmﬂmaﬂ15‘1uﬂaﬂ1auﬂﬂuaz mmmﬁ”umuqmﬂawﬂwh i ld

Ly

v 14
siuihiilssansnwgage uagnsa1uINKIIZeE chord tazyl B, ¥ lufsiing

) Fd
(H09INMIRIUINMTZOY chord wagyw B,,,, voaluduinihidasedoraninms

chord

1 o 1

e 1 1 T o
Annamaidandwsnadudugudnaanisludenioueniay vuiadudmguingg
1 ¥
moluiiIdssiuhiilszaniamgeganou
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v
(D,,,) wnadurugudnaeniely (D uagilsz@niamdaiuiig)

sasdmnadudugudnasneludeneuan( D, )
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0.35 0.40 0.45 0.50 0.55 0.60

A y

0.010 | error error error arror arror error ?

7777777 0.015 | error | error error | error error | error |
0.020 | error error error error error error |

AU

o
guenan 0.040 | 0.6863 | 0.67312 | 0.73619 | 0.84685 | 0.96655 | error
ot D,) 0.045 | 0.7945 | 0.69146 | 0.69873 | 0.77103 | 0.89020 | error

0.025 | 0.8073 | 0.96467 error error error error
0.030 | 0.6928 | 0.80466 | 0.95131 error error error
0.035 | 0.6531 | 0.71043 | 0.81855 | 0.96298 errar error

0.050 | 0.9792 | 0.76679 | 0.70516 | 0.73165 | 0.81715 | 0.95161
0.055 | error | 0.90051 | 0.75625 | 0.72777 | 0.77440 | 0.87834
J" 0.060 | error error 0.85314 | 0.75982 | 0.76102 | 0.83081

A

sz@ninuvednariu(n)
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Q 1 s -] at ) at ar £§ L 4 o (a3
WhiiszEnEnngagawiiiy 0.9792 uafifduwansii 1810.24 fad daldfanasestuiia

Al szanE s 0.7 sxshlvaansonda Il 18w dy 1267.17 Tad

4.1.2 HaM3AIUNISEEES chord Uazyu B, maﬂunwum

o - chord

nmatlszananravesTliunsy pfmasmsees chorduavaBchm,mm

3
Tusaiuringazudan 18uadai

371971 42 11993382 chord wasyN B, veslufarfuih
}
fduTudy 320 chord (1),(13N3) W3l Behord L(03717)

0 0.06499 64.13861

1 0.06492 61.87544

2 0.06484 5972003

3 0.06475 57.67312

4 0.06466 55.7291

5 0.06456 53.88534

6 0.06446 52.13781

. 7 0.06435 50.48217
' 8 0.06423 4891391
9 0.06411 47.42847

10 0.06399 46.02172

11 0.06386 44.68794

12 0.06373 43.42407

7 13 , 0.06359 4222553

- 14 0.06345 41.08836 - -

15 0.06331 40.00879

16 0.06316 38.98327

17 0.06302 38.00844
18 0.06286 37.08116

19 0.06271 36.19849

20 0.06255 3535818
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o T . LA o q Vs 5 o A
sl sunINMIAUINmIAID ratio saz Di Aldnassanhillsz@ninmgaga

HH=2-

N=1000,
Q=0.063;
p=997;

- =981
Al1=(15.6434%pi)/180;
A2=(4.444*pi)/180;

— — — —— — —forD_ratio=0-35:0,05:0.6— : . : - T T ——
for Di=0.01:0.005:0.06
forintf’ D ratio=%35.5f,D ratio);
forintf’  Di=%5.5\n',Di);
Do=Di/(D ratio);
U=(pi*Do*N)/60;
VI=(A* QY (pi* (Do 2)*(1-(D_ratio™2)));
) Km=Vf/(2*g*H)"0.5;
if Km<=0.35
disp('the value of Km is error.")
end
if Km>=0.6
disp('the value of Km is error."
end
Ku=U/(2*g*H)"0.5;
if Ku<=0.9
disp('the value of Ku is error.)
end
if Ku>=2.1
disp('the value of Ku is error.")
end
B2=atan(V{/U);
Bchord=B24+A2;
) B1=pi-(Bchord+Al);
if Bl<=(pif2)
disp('the value of B1 is error.")
end
Vri=Viicos(B1-(pif2));
VI=((Vr1/2YHU2)-(2*Vr1*U*cos(pi-B1)))"0.5;
Vul=((V1"2)-(VI"2))"0.5,
Viul=U-Vul;
n=(Vul*U)/(g*H),
P=n*p*g*H*Q;
DI 5 1 - SN U — = = == e

dispCthe value of n-is-error.)
end
fprintf(’ D ratio=%5.5f,D ratio);
fprintf('  Di=%3.5f,Di);
fprintf("  Do=%5.5f,Do);
forintf’  Vul=%5.5f,vul);
fprintf("  n=%3.5,n);
fprintf  P=%35.51,P);
fprintf(\n');
end
end
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HAAIHAM SAIUWIAD ratio ez Di AmlHAFhillsza@nEnwgaga (de)

Pratio—0:35000—Di=06:01060
the value of Km is error.

the value of Ku is error.

the value of B1 is error.

“the value of n is error.

D ratio=0.35 Di=0.01 Do0=0.02857 Vul=40.75904
D ratio=0.35000 Di=0.01500
the value of Km is error.

the value of Ku is error.

the value of B1 is error.

the value of n is error.
D _ratio=0.35 Di=0.015 Do=0.04286 Vul=17.94155

D ratio=0.35000  Di=0.02000
the value of Km is error.

the value of Ku is error.

the value of B1 is error.

the value of n is error.
D _ratio=0.35 Di=0.02 Do=0.05714 Vul=9.96517

D ratio=0.35000 Di=0.02500
the value of Kim is error.
the value of Ku is error.

the value of B1 is error.
D ratio=0.35 Di=0.025 Do=0.07143 Vul=6.35269

D ratio=0.35000  Di=0.03000
the value of Kim is error,
the value of Ku is error,

the value of B1 is error.
D_ratio=0.35 Di=0.03 Do=0.08571 Vul=4.54286

n=2.07188

P=3829.92459

n=1.36802

n=1.01311

n=0.80731

n=0.69277

D_ratio=0.35000 Di=0.03500 . IS

the valué of Km is error : e

P=2528.81751

P=1872.75553

P=1492.32741

P=1280.60944

the value of Ku is error.
D ratio=0.35 Di=0.035 Do=0.1000 Vul=3.67079

D ratio=0.35000 - Di=0.04000

the value of Km is error.

the value of Ku is error.

D ratio=0.35 Di=0.040 Do0=0.11429 Vul=3.37515

n=0.65308

n=0.68627

P=1207.23986

P=1268.58403
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HEAIHAMIFUINAD ratio uaz Di AT wihilszEnsnngaga (Ae)

B—ratto=0.35000—Di=6-04560

the value of Km is error.

the value of Ku is error.

D ratio=0.35 Di=0.045 D0=0.12857 Vul=3.47311 n=0.79446  P=1468.57752

D_ratio=0.35000  Di=0.05000
== = - = — = D_ratio=0:35-Di=0:05—D0=0.14286— Vu1=3:85301—n=0.97929~ —P=1810:24066— — -

D ratio=0.35000  Di=0.05500
the value of n is error,
D ratio=0.35 Di=0.055 Do=0.15714 Vul=4.43600 n=1.24021 P=2292.55962

D ratio=0.35000  Di=0.06000
the value of n is error.
D ratio=0.35 Di=0.06 Do=0.17143 Vul=5.16217 n=1.57443 P=2910.37929

D ratio=0.40000  Di=0.01000
the value of Kim is error.
the value of Ku is error.
the value of B1 is error.

the value of n is error.
D ratio=0.40 Di=0.01 Do=0.02500 Vul=55.70422 n=2.47763 P=4579.96792

D ratio=0.40000 Di=0.01500
the value of Kim is error.
the value of Ku is error.
the value of B is ermor.

the value ol n is error,
D ratio=0.4 Di=0.015 Do=0.03750 Vul=24.59388 n=1.64084 P=3033.14118

D ratio=0.40000 Di=0.02000

the value of Km is error.

the value of Ku is etror.
_thevalue of Bl iserror. . - - _ , . : P

the value of n is error, -
D ratio=0.4 Di=0.02 Do=0.05000 Vul=13.69112 n=1.21792 P=2251.35115

D ratio=0.40000  Di=0.02500
the value of Km is error.
the vatue of Ku is error.

the value of B1 is error.
D ratio=0.40 Di=0.025 Do=0.06250 Vul=8.67545 n=0.96467 P=1783.22493
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UTAINANITAIUIUMIAD ratio Uaz DI Mi1iFnaRhiilszanEmngga (ao)

D ratio=0.40000 Di=0.03000
the value of Km is error.
the value of Ku is error.
the value of Bl is error.

D_ratio=0.4 Di=0.03 D0=0.07500 Vul=6.03036 n=0.80466 P=1487.43866

D ratio=0.40000 Di=0.03500
the value of Km is error.
the value of Ku is error.

D_ratio=0.4 Di=0.0350 Do=0.08750 Vul=4.56360 n=0.71043

D ratio=0.40000  Di=0.04000
the value of Km is error.

the value of Ku is error,
D ratio=0.4 Di=0.04 Do=0.10000 Vul=3.78343

D ratio=0.40000 Di=0.04500
the value of Km is error,

the value of Ku is error,
D ratio=0.4 Di=0.045 Do=0.11250 Vul=3.45467

D ratio=0.40000  Di=0.05000
the value of Kim is error.

) the value of Ku is error.
! D_ratio=0.4 Di=0.05 Do=0.12500 Vul=3.44791

D ratio=0,40000  Di=0.05500
the value of Km is error.
D ratio=0.4 Di=0.055 Do=0.13750 Vul=3.68110

D ratio=0.40000 Di=0.06000
the value of n is error.
- - - - — D_ratio=0.4 Di=0.06--D0=0.15000-Vul=4.09556.

n=0.67312

n=0.69146

n=0.76679

n=0.90051

n=1.09298 .

P=1313.25732

P=1244.28477

P=1278.18430

P=1417.42450

P=1664.62013

P=2020.40791

D ratio=0.45000 Di=0.01000
the value of Km is error.
the value of Ku is error.
the value of B1 is error.

the value of n is error.
D_ratio=0.45 Di=0.01 D0=0.02222 Vul=74.33207

n=2.93881

P=5432.47893
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D_ratio=0.45000 Di=0.01500
the value of Km is error.

the value of Ku is error.

the value of B1 is error.

the value of n is error,

T T T Doratio=045 Di=0.015"D0o=0.03333"Vul=3288485 1n=1.95022 - P=3605:03008 —
D ratio=0.45000  Di=0.02000

the value of Km is error.

the value of Ku is error.

the value of B1 is error.

the value of n is error.
D ratio=0.45 Di=0.02 Do=0.04444 Vul=18.35339 n=1.45125 P=2682.67455

D ratio=0.45000  Di=0.02500

the value of Kim is error.

the value of Ku is error.

the value of B1 is error.

the value of n is error.

D_ratio=0.45 Di=0.025 Do0=0.05556 Vul=11.63282 n=1.14980  P=2125.42957

D ratio=0.45000  Di=0.03000
the value of Kin is error,
the value of Ku is error.

the value of B1 is error.
D ratio=0.45 Di=0.03 Do=0.06667 Vul=8.02059 n=0.95131 P=1758.52762

D_ratio=0.45000  Di=0.03500

the value of Kin is error.

the value of Ku 1s error.

the value of B1 is error.

D ratio=0.45 Di=0.035 Do=0.07778 Vul=5.91533 n=0.81855 P=1513.10467

D_ratio=0.45000_Di=0.04000
the value of Km is error.
the value of Ku is error.

the value of B1 is error.,
D ratio=0.45 Di=0.04 Do=0.08889 Vul=4.65518 n=0.73619 P=1360.87479

D ratio=0.45000 Di=0.04500
the value of Km is error.

the value of Ku is error.
D ratio=0.45 Di=0.045 Do=0.10000 Vul=3.92739 n=0.69873 P=1291.63012
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D _ratio=0.45000  Di=0.05000
the value of Km is error.

the value of Ku is error.
D ratio=0.45 Di=0.05 Do=0.11111 Vul=3.56713

n=0.70516

P=1303.49897

—D=ratio=0:45000——"Di=0.05500
the value of Km is error.
the value of Ku is error.
D ratio=0.45 Di=0.055 D0=0.12222 Vul=3.47783

D ratio=0.45000  Di=0.06000
the value of Km is error,
D ratio=0.45 Di=0.06 D0=0.13333 Vul=3.59645

D _ratio=0.50000  Di=0.01000
the value of Kim is error.
the value of Ku is error.
the value of B1 is error.

the value of n is error.
D_ratio=0.5 Di=0.01 Do=0.02000 Vul=97.64228

D ratio=0.50000 Di=0.01500
the value of Km is error.

the value of Ku is error.

the value of BI is error.

the value of n is error.
D ratio=0.5 Di=0.015 Do=0.03 Vul=43.25655

D ratio=0.50000  Di=0.02000
the value of Km is error.

the value of Ku is error.

the value of B1 is error.

.. the value of n is error. _

D_ratio=0.50000  Di=0.02500

the value of Km is error.

the value of Ku is error.

the value of Bl is error.

the value of n is error.

D ratio=0.50 Di=0.025 Do=0.05 Vul=15.35975

n=0.75625

n=0.85314

n=3.47437

n=2.30877

D ratio=0.5 Di=0.02 Do=0.040 Vul=24.19196  n=1.72163_P=3182.47786

n=1.36635

P=1397.95533

P=1577.05615

P=6422.47214

P=4267.83370

P=2525.73928
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D ratio=0.50000 Di=0.03000
the value of Km is error.
the value of Ku is error.

~ the value of B1 is error.

the value of n is error.
— — — — =D:ratio=0:50—Di=0:03—D0=0.060 -Vul=10:57698—n=1:12907— —P=2087-11918 ———- -

D ratio=0.50000 Di=0.03500
the value of Km is error.
the value of Ku is error.

the value of B is error.
D ratio=0.5 Di=0.035 Do=0.07 Vul=7.73234 n=0.96298 P=1780.09458

D ratio=0.50000  Di=0.04000
the value of Km is error.
the value of Ku is error.

the value of B1 is error.
D ratio=0.50 Di=0.040 Do=0.080 Vul=5.94986 n=0.84685 P=1565.42094

D ratio=0.50000 Di=0.04500
the value of Km is error.
the value of Ku is error.

the value of Bl is error.
D ratio=0.50 Di=0.045 Do=0.09 Vul=4.81525 0n=0.77103 P=1425.26469

D ratio=0.50000  Di=0.05000
the value of K is error.

the value of Ku is error. ‘
D ratio=0.50 Di=0.05 Do=0.100 Vul=4.11239 n=0.73165 P=1352.47194

D ratio=0.50000 Di=0.05500
the value of Km is error.

_ thevalueofKuiserror. =~ S
D ratio=0.5 Di=0.055 D¢=0.11000 Vul=3.71874 n=0.72777 P=134531032

D ratio=0.50000 Di=0.06000
the value of Kim is error.

the value of Ku is error.
D ratio=0.50 Di=0.060 Do=0.12 Vul=3.55893 n=0.75982 P=1404.54229
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D _ratio=0.55000  Di=0.01000
the value of Km is error.
the value of Ku is error.
the value of B1 is error.

the value of n is error.
— = T~ 7 ~“Doratio=0:55 Di=0.01"Do=0.01818 " Vul=127.09372 n=4.1 1121~ -P=7599:68742— — —

D ratio=0.55000  Di=0.01500
the value of Km is error.
the value of Ku is error.

3 the value of B1 is error.

the value of n is error,
D ratio=0.55 Di=0.015 D0=0.02727 Vul=56.35668 n=2.73453 P=5054.85020

D ratio=0.55000  Di=0.02000
the value of Kim is error.

the value of Ku is error.

the value of B1 is error.

the value of n is error.
D ratio=0.55 Di=0.02 Do0=0.03636 Vul=31.56750 n=2.04228 P=3775.21641

D ratio=0.55000  Di=0,02500
the value of Kim 1s error.

the value of Ku is error.

the value of Bl is error.

the value of n is error.
D ratio=0.55 Di=0.025 Do=0.04545 Vul=20.07845 n=1.62374 P=3001.52350

D ratio=0.55000  Di=0.03000
the value of Km is error.

the value of Ku is error.

the value of B1 is error.

. - _ _thevalueofniserror. . . -
D_ratio=0.55_Di=0.03-D0=0.05455_ Vu1=13.83879 n=1.34297 P=2482.51030 S

D ratio=0.55000 Di=0.03500
the value of Km is error.

the value of Ku is error.

the value of B1 is error.

the value of n is error.
D ratio=0.55 Di=0.035 Do=0.06364 Vul=10.09511 n=1.14294 P=2112.76382
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D ratio=0.55000  Di=0.04000
the value of Kim is error.
the value of Ku is error.

~ the value of B1 is error.
D ratio=0.55 Di=0.04 Do0=0.07273 Vul=7.70185 1n=0.96655 P=1842.15772

D_ratio=0.55000  Di=0.04500
the value of Km is error.
the value of Ku is error.

the value of B1 is error.
D ratio=0.55 Di=0.045 Do=0.08182 Vul=6.11545 1n=0.89020 P=1645.55547

D ratio=0.55000  Di=0.05000
the value of Km is error.
the value of Ku is error.

the value of B1 is error.
D ratio=0.55 Di=0.05 Do=0.09091 Vul=5.05224 1n=0.81715 P=1510.51682

D ratio=0.55000  Di=0.05500
the value of Kim is error.

the value of Ku is error,
D ratio=0.55 Di=0.055 Do=0.100 Vul=4.35269 n=0.77440 P=1431.50177

D ratio=0.55000  Di=0.06000
the value of Km is error.

the value of Ku is error,
D ratio=0.55 Di=0.06 D0=0.10909 Vul=3.92103 n=0.76102 P=1406.76873

D ratio=0.60000  Di=0.01000

the value of Kin is eiror.

the value of Ku is error.

the value of B1 is error.
_ thevaluweofniserror,. . . __  _  _  _ L I
D ratio=0.60 Di=0.01 Do=0.01667 Vul=164.88880 n=4.88932 - P=9038.03965 ~

D ratio=0.60000 Di=0.01500
the value of Km is error.
the value of Ku is error.
the value of B1 is error.

the value of nn is error.
D ratio=0.6 Di=0.015 Do=0.025 Vul=73.16395 n=3.25421 P=6015.49618
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D ratio=0.60000 Di=0.02000
the value of Km is error.

_the value of Ku is error.

the value of B1 is error.
the value of n is error.

~ Datic=0.60 Di=0.02” D6=0.03333 VU1=41.02892-1=243320" ~P=4497.83162~ ~ ~

D ratio=0.60000  Di=0.02500
the value of Km is error.

the value of Ku is error.

the value of B1 is error.

the value of 1 is ertor,
D ratio=0.60 Di=0.025 Do=0.04167 Vul=26.13604 n=1.93748 P=3581.48281

D ratio=0.60000  Di=0.03000
the value of Kim is error.

the value of Ku is error.

the value of B1 is error.

the value of n is error.
D ratio=0,6 Di=0.030 Do=0.05000 Vul=18.03937 n=1.60472 P=2966.37231

D ratio=0.60000  Di=0.03500
the value of Km is error.

the value of Ku is error.

the value of B1 is error.

the value of n is error.
D ratio=0.6 Di=0.035 Do-0.05833 Vul=13.16323 n=1.36612 P=2525.30305

D ratio=0.60000  Di=0.04000
the value of Km is error.

the value of Ku is error.

the value of B1 is error.

the value of n is error, -

D_ratio=0.60-Di=0.04—Do=0. 06667 VuI 10 01736 n~1 18815—P=2196. 323557"—————

D_ratio=0.60000 Di=0.04500
the value of Km is error.

the value of Ku is error.

the value of B1 is error.

the value of n is error.
D ratio=0.60 Di=0.045 Do=0.075 Vul=7.89278 n=1.05317 P=1946.81984
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D ratio=0.60000  Di=0.05000
the value of Km is error.

the value of Ku is errot.

the value of B1 is error.

D_ratio=0.60 Di=0.05 Do0=0.08333 Vul=6.41849 n=0.95161

D ratio=0,60000  Di=0.05500

the value of Km is error.

the value of Ku is error.

the value of B1 is ervor,

D_ratio=0.60 Di=0,055 Do0=0.09167 Vul=5.38574 n=0.87834

D_ratio=0.60000  Di=0.06000

the value of Km is error.

the value of Ku is error,

D_ratio=0.60 Di=0.06 Do=0.10 Vul=4.66994  n=0.83085

P=1759.08209

P=1623.64438

P=1535.84012

s
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H=3;
N=1000;
z=4,
- - Di=0.05; -
Do=0.14286;
D_ratio=0.35;
- ——— —Al={(166434piyi80- - ——————m——m——— — — —— —
A2=(4.444*piy/180;
Q=0.063,
11 =0.97929;
Cl=1.1988883

A For n:1:1:20
fprintf(’ n=%5.5f,n);

Dx=Di+{n*{(Di/D_ratio)-Di)/20};
t=(pi*Dx)/z;

U=(pi*Dx*N)/60;
Vi=(4*Q)(pi*(Do”2)*(1-(D_ratio*2)));
B2=atan(Vf/U);
Bechord=B2+A2;
B1=pi-(Bchord+A1);
Vri=Vficos(B1-(pif2));
Vru2=Vr2*cos(B2)
Vru1=Vr1*sin(B1-(pi/2))
Vim=({Vr1+Vr2)/2
Bm=(B1+B2)/2

) E=(1-n)*sin(Bm)
=2V (Vru2-Vru1 )(CL*(VrmA2)*(sin(Bm+E)-(tan{E}*cos(Bm+E})));

fprintf(’ 1=%5.5F,1);

fprintf'  B1=%5.5 B1);

forintf(’ B2=%5.5f,82);

fprintf(’ Behord =%5.5f, Behord);
fprintf(' n=%5.5f,n);

end
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n=20

1 20=0.06255
n=19

1 19=0.06271
n=18

[ 18-0.06286

Bi_20=128.99842
Bl _19=128.15811

Bl_18=127.27544

B2 _20-30.91418
B2_19=31.75449

B2 18=32.63716

“1 17=0.06302

n=16

1 16=0.06316
n=15

1 15=0.06331
n=14

1 14=0.06345
n=13

1 13=0.06359
n=12

1 12=0.06373
n=11

[ 11-0.06386
n=10

| 10-0.06399
n=9

1 9=0.06411
n=§

1 8=0.06423
n=7

1 7=0.06435
n=6

1 6=0.06446
n=5

1 5=0.06456
n=4

1 4=0.06466
n=3

| 3=0.06475
n=2

[ 2=0.06484

Bl 17=126.34816
Bl 16=125.37333
B1_15=124.34781
B1 14-123.26824
B1 13=122.13107
B1_12=120.93253
B1_11=119.66866
B1_10=118.33488
B1 9=116.92813
Bl _8=115.44269
B1 7=113.87443
Bl 6=112.21879
B1 5-110.47126
B1 4-108.62750
Bi_3=106.68348

B1_2=104.63567

_ _BLI1=10248116

B2_17-33.56444
B2 16=34.53927
B2 15=35.56479
B2 14=36.64436
B2 13=37.78153
B2_12=38.98007
B2_11-40.24394
B2 10-41.57772
B2 9=42.98447
B2 8-44.46991
B2 7=46.03817
B2 6=47.69381
B2 5=49.44134
B2 4=51.28510
B2_3=53.22912
B2 2-55.27693

B2 1=57.43144__

Bcehord 20=35.35818
Bchord 19 =36.19849

Bchord 18 =37.08116

Behord 17 =38.00844

Bchord 16 =38.98327
Behord 15 =40.00879
Behord 14 =41.08836
Bchord 13 =42.22553
Behord_ 12 =43.42407
Behord 11 =44.68794
Behord 10=46.02172
Behord 9 4742847
Bchord 8 =48.91391
Bchord 7 =50.48217
Bchord 6 =52.13781
Bchord_5=53.88534
Bchord 4=55.72910
Bchord 3 =57.67312

Bchord 2 =59,72093

Behord 1 =61.87544 _

1 0=0.06499

B1_0=100.21799

B2 0=59.69461

Behord 0-=64.13861
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