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STUDY ON THE SYSTEMATIC DESIGN OF TURBO-PUMPS
AND THEIR PERFORMANCE CHARACTERISTICS (Ist Report)

——The systematic design procedure of four mixed-flow pumps——

by Shigenori MATSUNAGA
Tsugio HIDA
Haruo ISHIBASHI
Tamio FUKUDA

Recently, the mixed-flow pumps have been applied in wider range of the specific
speed, and the capacity has enlarged so rapidly that the performance characteristics,
especially the partial flow or shut-off charactenstlcs have been questionable in the
design procedure,

The objective of this study is to research the design procedure of mixed-flow
pumps which has inherently the process estimating the performance in the partial
flow as well as in the optimum condition.

The mixed-flow pumps with four kinds of specific speed were designed, mostly
following up the method by A. De KOVATS, making use of the conditions optumz-
ing the suction performance and the hydraulic efficiency.

The 1st report in series of the study is to describe the systematic design process
and the fundamental results, which is offered the procedure predicting the overall
performance synthesized the blade element performance characteristics. This predic-
tion procedure is shown in the companion paper (2nd report),
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W, HOEEEIT 600~1500 (rpm, m3/min, m)
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DEW, BIRONT A — 5 L HBREEZ B
2 TCHECHEZHEL, MREEOBEOEES
BERRAT S, TOXEHEHE AR LI, Ky
THARDO—FIZ 1 B LOVEE 1ITRT,

DEW, AR ERR A BE O
Y7 AEIL, HEELCAKDRL BEE»HE
WHEECNT 2 EE =AY KD B,

PHRO R S TIR O EREFRFA TR 3K
BRI U THERIT, BHREKOBES L OHHE
THRERE TEOER SPEHOA L & dhichk
EEh5,

£l REMNAAL JORFHEET
— —
T [eEE m, mY/min, m 700 | 900 | 1100 | 18300 T
#_x T
B #& & & nrpm 693 | 890 | 1090 1287
BB OB K v 0.65| 0.45| 0.40 | 0.35 | p=2gH/13
Hlw B B % K 0.14 | 0.13| 0.16| 0.19 | Ku=Q/CusD?)
A O B #% Di./D, 0.97 0.74| 0.90| 0.78
@ | F ¥ B 0% Dmm 371 | 346| 300 272 | Dy=D,.
o4 ¥ B W B=D/b 50| 4.5 35 2.5
& = v 0.306 | 0.444 | 0.447 | 0.276
E B ¥ Z 6 6 4 4
~ | D mm 360.0 | 360.0 | 360.0| 328.0
L b, mm 200.0 | 194.2 | 190.0 | 186.0
De. mm 416.0 | 390.0 | 380.0 | 342.0
Dea mm 352.0 | 287.0 | 230.0| 218.0
g | Dee mm 470.0 | 445.0 | 400.0| 401.0
D,. mm 364.4 | 326.4 | 241.8 | 231.6
?g D.. mm 400.0 | 411.0 | 400.0 | 405.0
A1 op., mm 176.0 | 218.6 | 207.6| 177.6
B % i§ B=D,/by 50| 45| 35| 25
DR B R o 0.911 0.90| 0.90| 0.91
B OB W K o, 0.96| 0.95| 0.95| 0.94
F: 48y 73E Q=15m%/min, H=6.0m, 7,=0.97, X,;=0.5, Xp=1.0, 1=0.019,

ZD=5, ﬂml"—"‘—25o, a3:30°.
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Vyp = uzyb‘/ZVh . ' ) (3. 2)

Uz = Qi (t2+75) /Dybyt, (3.3
Bu= (B:+B)/2 3.9
B = D,/b 3.5
dlm = Dm/Dz= (Dte“‘Dm)/ZDz (3- 6)
70 = 1/ {1+ (ha+h,) /H} 3.7
L, = cqur’/g (3.8
Lm = L!+Lb (3. 9)
Lyiw =7Q:H,, (8.10)
L,= me‘{‘Lu (3 11)
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= (14949 Lu/Lw)"" (3.12)
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B. == B.+8 (4.11)
B == (Bit+B)/2 (4.12)
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g0 3 K/ BE T F =R

Wm, m3/min, m

700 | 900 | 1100 | 18300 1
Bt e
B % D,mm a | 200.0| 194.2| 190.0| 186.0
b | 249.6 | 246.6 | 240.4| 226.4
c | 291.0| 289.6| 284.4| 261.4
d | 326.6| 326.4| 322.8| 293.6
e | 360.0| 360.0| 360.0| 328.0
B 5 B zmm a 70.0 | 69.0| 43.6 | 116.7
b 51.4| 51,0 27.6 81.8
c 35.9| 36.2| 158! 50.7|
4 22.5| 23.6| 86| 23.7
e 10.0| 12.01 6.0 10.0
A O f pideg a 27.1 | 18.7| 17.5| 14.4
H b 18.5| 16.0] 14.0] 12.0
c 16.7 | 13.7| 11.8| 10.5
R d 14.0| 12.0| 10.8 9.6
e 181! 10| 9.5 9.0
2 b % g dnn, mm a 16.2 16.6 15.2 16.0
A ’ b 28.4| 28.0! 26.4| 29.6
c 24.0| 240! 22.4] 25.2
- d 21.4 | 20.4| 19.6| 216
e 10.0 9.8, 88 10.4
mn .
Cis ® # pdeg a | 425| 38.7| es.7| 2.5
b 3.1, 30.0| 71.9| 21.3
c 31.6| 24.7! 74.6| 18.4
d 28.8| 20.6| 75.9| 17.4
e 2.2 18.4| 76.9| 16.7
PHRE v F f,mm a | 104.7| 101.7| 149.2| 146.1
b | 130.7| 129.1| 188.8| 177.8
c | 152.4| 151.6| 228.4| 205.3
d | 171.0 | 170.9| 253.5| 230.6
e | 188.5| 188.5| 282.7| 9257.6
B OH & rideg 126.9 | 124.3 | 113.9 | 146.4
B & 5 6, deg 0.0 0.0 12.0 0.0
= % D,mm a | 32.0! 287.0! 230.0] 218.0
b | 859.4| 813.6 | 271.2 | 248.8
¢ | 374.0| 340.01 310.6 | 280.6
d | 893.6| 365.6| 346.0 | 311.2
e | 416.0| 890.0 | 380.0 | 342.0
# 5 K E zmm a | 153.0] 127.0] 95.0| 145.0
b | 126.6| 108.9| 74.6| 110.4 |
c | 108.4| 91.0| 634 79.5
d 83.5| 75.6| 54.9| 51.8
e 67.0 | 57.0| 49.0| 33.3
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O 5 p.deg a 3.0 20.7| 30.5| 28.0
b 2.5 17.3| 922.3| 21.5
c 24.0 15.2| 16.9| 18.0
d 21.0  13.9| 14.8| 15.0
e 20.0 | 12.6! 11.9| 12.3
# B I8 dn.mm  a 9.8 10.6| 13.6 | 13.4
b 19.4 . 2121 23.8 21.2
c 19.0 | 19.6| 20.8| 24.0
d 17.6 | 17.8 | 18.4  21.2
e 9.2/ 84, 88| 9.6
#OW  f gedeg e EEIL
FW/E v F fomm a | 184.3| 150.3| 180.6 | 171.2
b | 188.2 | 164.2| 213.0 | 195.4
c | 195.8 178.0| 243.9| 220.4
d | 206.1] 191.4| 271.7 | 244.4
e | 217.8 1 204.2| 298.5| 268.6
M M redeg 159.4 | 143.7 | 121.5| 150.9 |
¥ & 1 6.deg 92.6| 59.2, 0.0, 0.0
B B [mm a | 208.0 193.0 135.0, 9L0
b | 210.0| 210.0| 165.0 | 105.0
¢ | 218.0| 217.0| 196.0 | 118.0
d | 232.0 220.0| 219.0 | 130.0
e | 249.0 1 225.0| 242.0 | 144.0
I, mm a | 219.0| 177.0| 123.0| 85.2
b | 208.6| 199.6 | 157.5| 99.8
c | 2031 207.91 189.5| 114.1
d | 199.0| 213.6 | 213.0| 126.9
e | 194.6| 219.4| 239.0| 142.0
1, mm a | 110.0| 78.8, 54.0 32.4
b 90.5 | 66.6| 50.4| 30.9
c 77.8  61.3 | 49.1  30.0
d 68.3 | 53.0 47.7  30.0
e 62,4  48.0| 43.3 25.1
FHMER M 6deg a 92.5| 87.8 69.3  48.9
b 78.2 | 84.5| T1.9 48.9
¢ | 1958 178.0 243.9| 220.4
a4 | 206.1| 191.4  271.7 | 244.4
e | 217.8| 204.2 | 298.5

268.6 i
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AR ® A W R T &
e Wk rpm, ms/min, m
B — 700 | 900 @ 1100 | 1300 w
Bt —
B #% D, mm a | 364.4| 826.4| 241.8| 231.6
b | 387.6| 359.8 289.2 | 282.4
¢ | 412.0| 389.6| 330.0| 328.0
d | 440.0 | 418.4 | 365.8 | 367.0
e | 470.0 | 445.0 | 400.0| 401.0
# 5 FE & zmm a 45.0 | 21.9 4.4 60.8
b 30.0| 15.8 | 39.6| 54.3
c 18.2 | 10.2| 845, 52.8
d 11.2 5.0 29.9| 48.9
e 6.9 0.0| 25.4| 45.0
A 0O # adeg a 9.8 10.4| 10.4 150
% b 9.3 10.5| 10.9 19.3
" c 9.0 105 115 21.5
d 9.5 10.7| 12.5 23.2
¥ e 9.5 10.2| 14.9 242
B W B W dn a 9.8 10.0! 12.0| 13.6
b 17.4 | 16,4 22.2| 23.8
A c 16.4 | 15.8| 19.8| 20.4
d 15.6 | 15.0| 17.2 | 19.0
H e 7.6 7.4 9.2 8.0
Ts o® s e a | 424] 288 67 30.0
b 36.2 | 23.6 55| 24.1
c 31.6 | 28.7 3.9 20.5
d 28.5| 20.8| 3.6 17.2
e 26.1| 19.4 2.3 15.5
HBE v F 1 a | 229.0 205.1| 151.9 | 145.5
b | 243.5  226.1| 18L.7 | 177.4
c | 258.9 | 244.8 | 207.3 | 206.1
d | 276.5| 262.9| 229.8 | 230.6
e | 295.3| 279.6 | 251.3 | 251.9
B M rodeg 126.0 | 110.5 | 103.6  100.8
B # o 6, deg 21.8| 15.8| 32.0 39.0
H % D, mm a | 176.0| 213.6 | 207.6 | 177.6
b | 242.0| 268.6| 268.0 | 252.8
¢ | 301.6| 320.8| 318.0| 312.0
d | 353.4| 368.2| 631.0 | 361.8
e | 400.0| 411.0| 400.0| 405.0
WA O zmm " a | 306.0| 248.0| 284.2| 298.8
b | 338.7| 281.6| 294.1| 313.3
c | 360.2 208.5 | 302.0| 319.4
d | 372.3| 307.0| 310.9| 325.2
e | 875.0| 3812.0 322.0| 330.0
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B O #f a.deg a | 93.6| 952 93.5| 93.8
- b 94.5| 96.1 94.5| 94.0
c 94.8| 97.0 950 958
d 95.0| 970 96.9| 95.8
e 95.0| 97.0| 97.5| 95.8
¥ B IE dn,mm a 21.6 | 19.6| 14.2| 21.8
b 35.8| 32.0| 17.6| 34.0
c 20.2 1 26.0| 23.2 27.0
d 24.4 | 23.6, 20.4 23.8
e 11.6 | 10.2 9.6 10.6
BOOW o p.deg a | —20.8| —17.5 | — 4.4 | —12.1
b | —10.1 | —12.7| — 2.6 | -— 8.2
¢ | — 58] —-96 —15 — 8.0
d | — 07| —7.5|— 0.6 —4.5
e 0.0 — 5.8 0.0 — 3.3
HH Y v F f,mm a | 110.6| 134.2| 130.4| 115.6
b | 152.0 | 168.8| 168.4 | 158.8
¢ | 189.5| 201.6 | 199.8 | 196.0
d ! 222.0 ] 231.3| 226.8 | 227.3
e | 251.83| 258.2 | 251.3| 254.5
M OM A r.deg 58.5| 57.1| 68.5| 72.3
B O A 6, deg —28.5| — 6.8 — 7.9 | —13.2
¥ B E Imm a | 818.0| 271.0| 253.0| 259.0
b | 355.0| 313.0| 265.0| 276.0
c | 382.0) 339.0] 275.0| 282.0
d | 398.0| 354.0| 290.0| 290.0
e | 403.0| 354.0| 302.0| 305.0
I, mm a | 293.2| 235.0| 240.3| 294.3
b | 834.8| 221.0! 254.8 | 264.0
¢ | 362.5| 291.8  264.5| 272.2
d | 880.0| 307.5| 280.9| 280.5
e | 386.0 316.3| 294.0 | 295.8
B & A Edeg a 2271 20.8] 20.1] 20.6
b 22.0| 18.8| 18.5| 18.7
c 21,1 | 181 17.7| 17.4
d 20.0 | 17.6| 16.7| 16.5
e e 19.4 | 167, 155 155
WEETERE Cou a 2.70.1 2.60 | 2.45| -2.70
: b 2.80 | 2.45 | 2.43 2.50
c 2.70 | 250 | 2.42 | 2.45
d 2.60 | 2.60 | 2.40| 2.40
v e 2.50 | 2.45 | 2.32|° 2.35
B Kk B % Dymm a | 890.0! 336.0] 242.1 260.0
o b | 426.01 373.8| 288.7 | 310.0
' ¢ | 460.0| 407.2 | 331.5| 355.9
d | 491.0 | 440.0 | 366.4 395.8
e | 520.0| 466.0 430.0

400.0
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