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A Study on the Surge Tank

Abstract

W

Nahm, Sun Woo

For the simplicity in the analytical solution, the simple surge tank has been chosen for the

test where an unsteady flow is produced by suddenly closing the valve controlling the discharge.

The valve is located immediately downstream from the surge tank. Momentumn equations in

the penstock and in the surge column are derived, The relationships between the time and

the pressure are measured and recored on the oscillograph and then the calibration of surge

column heights and scale readings on the oscillograph trace are made.

The diameter of the penstocks are determined by the trial and error method. The water

levels in the surge column are computed by numerical integration of the differential equation

of the surge tank. The relationships between the results from the experiment and numerical

computation are figured, compared and discussed.
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Piezometer' No. 1 cm 51.0 55.9 60.9 69. 59 82,40 101.00 114.70
No. 2 em 39.3 4.7 51.1 60.7 76. 30 97.6 113.7
No. 3 cm 27.3 33.6 40.7 52.3 69.4 64.2 112.5
No. 4 cm 16.2 22.6 31.0 43.7 62.9 90.5 111.2
No. 5 cm 12.1 20.8 34.7 55. 8 86.8 110.0
WGl &K i cm 121.5 121.5 121.5 121.5 121.5 121.5 121.5
K °C 29.5 30.1 30.3 30.5 30.5 30.6 30.6

-4 £} b4 = kg 400 400 400 400 400 400 340

& # H = kg 500 500 500 500 500 500 400
B 5] Sec 21.3 22.1 22.8 24.85 29.35 40.7 44.3
21.5 22.1 22.85 24.8 29.3 40.65 44.2
21.2 22.05 22.9 24.75 29.3 40.75 44.35
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No. 1 ’ 2 ’ 3 ’ 4 [ 5 ( 6 , 7
SR B

1 70.5‘ 65.6/ 60.6| 52.0 39.1 20.5] g5

2 82.2 76.8 70.4) 60.8 45.2 3.9 7.g

3 94.2) 87.9 80.8 69.2 521 27.3 .0

4 105.3 98.9| 90.5 77.8 ss.6 310 10.3

5 — 109.4/ 100.7) 86.8 65.7 387 1.5
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B oE R oW ~Ge
°C ] (t/m3) i (kg {sec) m7 sec x | (em
1 29.5 ' 0. 9944 100.2 21. 25 0. 0047 0.0968} 0.0167 5.03
2 80.1 | 0.9942 100, 25 22,1 0.0045 0.0912 | 0.0188 5.03
3 30.3 ¢ 0.9941 100. 25 22. 85 0. 0044 0.0812 | 0.017 5,09
4 30.44 | 0.9940 100. 25 24.8 0. 0041 0. 0705 ‘ 0. 0169 5. 06
5 | 30. 441 0. 9940 100. 25 29.3 0.0034 0.0536 | 0.0175 50.3
6 30.55 ’ 0. 9940 100. 25 40.7 0. 0025 0. 0280 i 0.0187 5.12
7 30.55 | 0.9940 | 60.15 44.3 0.0014 | ©.0102 | 0.0213 | 5.03
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1 0. 00474 2. 356! 1.47X10° 28.377 106.0 70. 51\ 35, 5‘Y 32.5 37.9 9. 4—793‘ €. 334
2 0. 0045 2.265] 1.43X10° 26,243 99. ¢ 65. 6 33. 4 30.6 35.0 8. 748 0,333
3 0. 0045 2.185| 1.35X10° 24, 414 90.5 60.7 29. 7[ 27. 2[\ 33.5 a9, 053 0.370
4 0. 0041 2.018] 1.28%10° 20. 818 77.7 52.0 25. 7 23.6’ 28.4 7.559 0. 363
5 0. 0034 1.707] 1.09X10°% 14,874 58.6 39.1 19.5‘; 17.8 2.2 6. 340 0.426
6 0. 0025 1.244] 7.86X104 7.894 30.7 20.5 10. Zj 9.3 11.2 3.292 0.417
7 0. 0014 0.677] 4.31X10°% 2.396 10.3 6.6 3.7“ 3. 41 3.2 0.823 0. 351
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(m/sec) | (m) (m) ! L L (mysec)
0 1,286 G 0. 384 — ——1 -— — -— "i - -
0.5 1,186, —0.125 . 259]  8.0>10° 0.019 3.29 .25 ¢, 084 0.444; —0.185 —0.100
Lo 1,052 ~0.116 0.143]  7.410° 0. 020 3.46 5.46 0,072 0.3931 —0.2500 —0.135
1.5 0.905 —0.104 0.03%  6.55107 0. 020 3. 46! 5. 46' 0. 056 0.306; —0.267, —0(.144
2.0 0. 756! —0. 088 ~0.049] 5,610 0. 020 3.46 5.46 0,042 0.229] —2. :78i —0.150
2.5 0.601‘ —0.073 —0.122)  4.7X105 0.021 3.46 5. 64 0. 029 0.158 —0. 2805 -0, 152
3.0 0. 445 ~0. 058 —0.179] 3.7>10° 0. 022k 3.81 5.81 0. 018 0, 1050 — 0. 2343 —0.1563
3.5 0.293 —0. 043 —0.223]  2,8X109 0. 024, 4.16 6.16 0,010 0 062; -0 366} --0.154
4.0 0.143 —0. 027 —0.247] 1.8X10° 0. 026 4.51 6.51 0.004 0. 026‘ —0. 2731‘ —0.147
4.5 —0.030 —-0.015] —0.262] 8,9x10% 0.032 5.54 7.54 0. 001 0. 008 —0. 'Z.'U‘: —0. 146
5.0 —0.143 -+0. 000 —0.262 — — — — — —| -0 2625 —0.142
5.5 —0.274 -+0.015 ~~0.247] 8,9X10° 0.032 5. 54 7.54; —0.001] —0.008 —0Q. 239; —0.129
6.0 —0.378 -+0.027 --0.219] 1.7X10% 0. 027 4.68 6. 68| —0,004{ —0.027 —0 192: —0, 104
6.5 —08.451 —+0.037 —0.183] 2.3x10* 0. 025 4.33 6.33" —0.007 —0.044 —o0. I39E —0.075
7.0 —~0.491 +0. 046 —0,137] 2.8104 0.024 4.16 6.16) —0.010f —0.062| —0.075; —0.041
7.5 —0. 506 -+0. 049 —0. 088 3.0x104 0.023 3.99 5,99 —0.012] —0.072{ —0. 016} —0. 006
8.0 —0.485 +0. 049 —0.039] 3.1x10¢ 0.023 3.99 5,99 —0.013[ —0.07&] -0, 039l +0.021
8.5 —C. 441 -—0. 049 40,009 3.0X104 0.023 3.99 5.99; -~ 0. 012‘ -0, 0?‘2' —-{(. 081 —0.044
9.0 -0, 381 +0.043  +0.052; 2.7xX10¢ 0.024 4.16 6. 16! —0.010] —0. 062;‘ 0. U4l --0. 062
9.5 —0, 308 +0.036 -+0.088] 2.4<104 0.025 4.33 G.33) —0.007 —0. 04&‘ 0. ]33\l -=0.071
10.0 —0.227 —+0. 031 0,119 19X 104 0. 026 4.51 6.51) —0.004; —0.026] --0.145 --0.078
10.5 —0,143 -+0. 021( ~+0.140]  1.4X10¢¢ 0. 028 4,85 6.85 —0.003 —0. 021] +0.161] 0. 087
11.0 —0.035 4‘0.0151‘ F0.155] 8.9 103 0. 032 5.54 7.54! —0.001] --0. OC"J -=0. 16‘3‘ -0, 088
11.5 -+0.034 -+0. 006 +0.162]  3.4X10° 0.023 3.99 5,99 —0.003] —0. 007." +0. 164; -+0. 089
12,0 +0.119 —0.003 +0.158]  2.1X10% 0. 049 6.77 8.77 -+0.000 — {‘0.158;e +0. 085
12.5 0,185 —0.012 +0.146] 7.4X103 0.033 5.72 7.72¢ -~0. 001} 4-0. 008‘ +O.I3Si +0.075
19.5 —“\ —0. 018’ +0. 128| 1.2X104 0. 029f 5.03 7.03] -i-0. 0021 -+0. 014; +0. 114; --0. 062
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M0 2(F mEARS ki
B fidl Fig. 2 ¢ KO VA
(sec) Scale (cm) (m) (m)
0 1. 86 2.28 +0.38
1 2.98 2.54 =+0.12
2 3.99 2.76 —0,10
3 4.46 2.88 —0.22
4 4.65 2,03 —0.27
5 4.54 2,990 —0.24
6 4.14 2.82 —0.16
n 3.60 2.68 —0.02
& 3.06 2.57 +0. 09
9 2.72 2.48 +0.18
10 2.58 2.45 o402l
11 2.70 2.48 —+0.18
12 3.00 2.545 +0.115
13 3.38 2.635 -+0. 025
14 3.37 2.725 —0. 065
15 3.28 2.775 —0.115
16 4,05 2.79 —0.13
17 3.26 2.77 —0.11
18 3.75 2.72 —0.06 .
19 3.47 2. 665 —0.05
20 3.20 2.59 +0.07
21 3.00 2.545 —+0.115
22 2.96 2.53 4+0.13
23 3.05 2. 565 +-0. 095
24 3.23 2.60 +0.06
25 3.47 2. 665 —0. 003
26 3.70 2.71 —0.05
27 3.82 2.73% —0.075
28 3.85 2.74 —0.08
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