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Experimental Characteristic of Drain Control to Cherepnov Water Lifter
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Summary

The perpose of this study was to suggest the experimental characteristic of the
Cherepnov Water Lifter following the drain mode. The Cherepnov Water Lifter(CWL),
which i1s powered by the potential energy of water, can be set to operate automatically
when the water in a tank is drained. In this study, a CWL is constructed in the valve
drain controlling mode(VCM) and the siphon drain controlling mode(SCM), and a pres-
sure transducer Is installed. It was found that, in the VCM, intake flow volume is propor-
tional to both delivery flow volume and drain flow volume. In the SCM, intake flow vol-
ume 1s proportional to drain flow volume, and the average delivery rate is proportional to
both efficiency and the water utilization ratio. Also, in the VCM, the water utilization
ratio is 35~49%, efficiency is 62~90%, average delivery rate is 12.8~81.2cm3/s, and
the average drain rate is 14.0~91.5cm?®/s. On the contrary in the SCM, the water
utilization ratio is 1.7~38%, efficiency is 3~58%, average delivery rate is 3.1 ~69.2cm?®
/s, and the average drain rate is shown as 114.5~183cm?/s. As a result of the water
utilization ratio, efficiency, average delivery rate, and average drain rate are compared,
the VCM 1is found to be superior and the more economical mode. However, the VCM re-
quires manpower and electricity to operate the electronic machinery involved, while the
SCM requires no manpower or electricity at all. An economic evaluation of these differ-
ences will be necessary in the future. Also, in the SCM, studies to improve water
utilization ratio and efficiency, to find the optimum height of the siphon for decreasing
the average drain rate, and to determine the radius of curvature of throat have to be con-

ducted in advance, since a large flow rate is drained during the priming action of the si-

phon.
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Fig. 1. The Cherepnov water lifter with the
valve drain controlling mode(VCM)
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Fig. 2. The Cherepnov water lifter with the
siphon drain controlling mode(SCM)
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Fig. 3. The hydraulic status of the VCM Cherepnov water lifter
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Fig. 4. The hydraulic status of the SCM Cherepnov water lifter

n}Z (priming action)< ©]Folx|z] vt dol Ee|7le vlEe Z71E Aola o] B

Wegzyiel el HE Frbstd wiERE & 3HFF A B (water curtain) & A8



Cherepnov —’51—1‘—7]. of i3t ujA At AFH Y

7l Qe s e ofee] s2A "o A
o]Zulel F71E o] BT st Apo]E v}
3 919 F(crown)ol ZEA =i o) F7]
t B 43 AgE fE72 dEdd =
g 3 Frizk ¢As] wEs| black
water(F71 FH3pA & E)el A A
O] E 7 go] o] ROXA HI Ate]E Ho] A
2 EZ QYA L2 3EHYE 527
Hu ze) 2L WD Boz, #YTE
A 32 RIAEF FHo] FUTET o=
ezl 97 ez 3771 w e
F71AH0] AR AFHRA FAHE o] A
o9 g FHIH FFo] FIHAUA
A

2. HiH| oA

Cherepnov &571& 3719 ¢£Z9 4] =

5Mel #®, aElm 2709 %) (check
valve)o 2 FAE @3 TR 4712
#9494, $43%, WEHPel FrHow
o)2AAMA BT} B& N2 £ =
o ol $47ge] BU LYo o F
A7) el Wesz e B H5A7
71 9% 2oy Sty APe ol gt
)7} spdsoje} @,

WAoo 2 Fig 149 o] )
$42 39 WHE 2Isel WHe A
27 ¢35l Bj5E Aolsts ¥4 Fig. 2
Axel gol MGz e A|EL dZ
ol AlolZo Falaty BHoE HISE A
ojste WAoo TEY 4 Utk

Wue zzd oF BsAo LA e e
23e Ao} 77 EE ARAIAS o &
¥ 4 e g 9§ 2o wFAsE
PP WEE AR PYos $45
7l ZEA Qo] wea We A Ho &
e $57]0E oggo] WL, wHd 7|
A e AATAC 98 e wFAsE

—

.

#ad ¢ e ZA7|(sensor) st wigEE
(drain valve)& ARAANA F= 714 = A
ANAE 5719 X st o} it

Ato) o o3 A o WA & Afo]EQ]
23y e 93t migTt Aois = 84
o2 ApolE9 Fu|dtad FA4o] FAFHAA
nXE e JHsed s o Fe] B2y
agely 7AA A7 oA &oH Aol
ES 9% #E o] &3ld Alo]Ee uIFH
g ARY F domz AFH X7t Lol
3 B5-FAHAY 4ok
I &7| M=zt A

L &%7) Mz

Bo] 7 Sl AR o3t =
%5 Cherepnov £57)1& H$E Alojge
2N Aol FUH LR o] FolA ZFH
o 1 72+ Fig. 13} Fig. 20149} o] 2
Mol F(pipe) T 3 A(hose) = AZE 37
o] #Z(tank)2 o]FH glow, olF 37

o A

9] £z AZE #F EE I2AE 47
WY FA(ER 379 58 93 B

Foz FE37 A% 2709 gAHe] g
P2 wed FRolo. WrESA o 4o
Cherepnov #7191 Me Fig. 1949 2o
jggzd Wednyt QA T, Ato)Eus
Ao ¥4 2] Cherepnov F7]9l A+ Fig. 29
A9} o] mjggpzd] Alo]Ee] AZEHY
£ Rol F iAo P27 Holejtt
Fe oz dY T FHE ol=2
oldez BAs &t £z
MHer #A” F UA=F
. 3lY) £2% FU54EE 49
FHol tirld FE3 HE & UEFH
Aste] ARG OH ey b
U 453719 e BA)
e olide] oladddd 4F

e >

flo BN
e
-1m

oo 2
Mo

o

. r

3
fJ

oy e g 2 o
o 4y ® o

£ W e



P53 A A39E 6L 1997 12¢

o YRR AYEE EXH F EEY Y
Eg Agstel 9Ea oldug APAA &
A WANES Agsidch £, 7 529
9 /%9 WBE 3337 sl 2
Fzel oW MeFRe] FHAE G
7] (pressure transducer)€ 9ZE 4 9=
FA 8ng $H3u, B¢ & 529 W
3 ollmds 7 BEe AFT & Uk

2z

TAas

PVC &3¢ 73l Azsigl.

Z AAPEE FRAAG 2o 7 4B
g9 & sEWEE /MHez $IE £ A
T RS Hdsag AMR-Ee A Fsi,
#59 2R FTY V8 FEol ¥
AHA G=5 A ARG

AAHE FFFRe Bl FYFRE 9F
He A& WAEa, 489 Bo] R
2 gFHE AL WA Ao FFFE

Table 1. Physical dimensions of Cherepnov
water lifter used in the experiments

Physical dimensions (mm)

Plate acryl ¢=10

transparenc,
Tank I(Bolt Lp=410 2
Nut, Silicon
Intake tark |7 19" 207 6 280, 580
Delivery tank {=10, L=330
Drain tank Cylinder acryl ¢=280, 380

(transparency) t=10, L=380

Connecting pipe [Silicon

Feed pipe  |[Pressure vinyl hosepipe

Delivery pipe [(semitransparency) ¢=20,25,35

Pressure pipe [PVC valve socket ¢=20,25,35

Vinyl hose

Air pipe (semitransparency) ¢=16

Copper valve socket ¢=16

Valve & siphon |PVC ball valve ¢=35

Check valve [Copper swing mode ¢=20,25,35

. ressure vinyl hosepipe
Siphon

(semitransparency) ¢=25
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Table 2. The experimental condition and result of the VCM cherepnov water lifter

Tank - Drop [ Delivery | Intake | Delivery | Drain - Water | Cycle | Delivery | Drain
. *Pipe . ) Efficiency| .. . )
diameter diamet height | height | volume | volume | volume utilization | time rate rate
ameter
Dr am H, - H, Vv V, Vs 7 ratio T Qs Qs
Dp(mm) (%) [
(cm) (cm) (cm) (m?) (m?) (m%) Vo/VE%) | () | (ecm¥s) | (em¥/s)
28 20 153 75 0.03315 | 0.01625 | 0.01690 | 73.05 49.02 548 | 29.653 | 30.839

105 0.03058 | 0.01481 | 0.01577 | 81.67 4843 708 | 20918 | 22.274
135 0.01376 | 0.00592 | 0.00784 | 80.98 43.02 428 | 13.832 | 18318
188 | 135 0.03500 | 0.01468 | 0.02032 | 72.06 41.94 468 | 31.368 | 43419
105 0.02764 | 0.01307 | 0.01557 | 7112 45.64 552 | 23.678 | 28.207
75 0.02592 | 0.01293 | 0.01299 | 69.78 49.88 478 | 27.050 | 27.176
28 25 153 75 0.03514 | 0.01667 | 0.01847 | 70.69 4744 236 | 70.636 | 78.263
105 0.03192 | 0.01457 | 0.01735 | 76.97 45.65 240 | 60.708 | 72.292
135 | 0.01618 | 0.00563 | 0.01055 | 65.50 34.80 276 | 20.399 | 38.225
188 135 0.03195 | 0.01549 | 0.01646 | 83.30 4848 254 | 60.984 | 64.803
105 0.034562 | 0.01644 | 0.01808 | 74.22 47.62 248 | 66.290 | 72.903
75 0.03606 | 0.01759 | 0.01847 | 68.24 48.78 228 | 77.149 | 81.009
28 © 35 153 75 0.03945 | 0.01900 | 0.01945 | 73.64 49.41 234 | 81197 | 83120
105 0.02735 | 0.01340 | 0.01395 | 82.62 48.99 216 | 62.037 | 64.583
135 0.01808 | 0.00868 | 0.00940 | 90.37 48.01 150 | 57.867 | 62.667
188 135 0.03800 | 0.01768 | 0.02032 | 79.37 46.53 272 | 65.000 | 74.706
105 0.03686 | 0.01654 | 0.02032 | 69.93 44.87 222 | 74505 | 91532
75 0.03832J 0.01800 | 0.02032 | 65.71 46.97 224 | 80.357 | 90.714

38 20 153 75 00200 | 0.00933 | 0.01067 | 69.52 46.65 524 | 17.805 | 20.363
105 0.02599 | 0.01158 | 0.01441 | 75.13 44.56 904 | 12810 | 15.940
135 0.01145 | 0.00548 | 0.00597 | 90.09 47.86 426 | 12.864 | 14.014
188 135 0.02709 | 0.01010 | 0.01699 | 64.06 37.28 | 788 | 12.817 | 21.561
105 0.03387 | 0.01355 | 0.02032 | 62.35 40.01 904 - 14.989 |. 22.478
75 0.03066 | 0.01385 | 0.01681 | 63.19 45.17 844 | 16410 | 19.917
38 25 153 75 0.03374 | 0.01655 | 0.01719 | 73.10 49.05 376 | 44.016 | 45718
105 0.03146 | 0.01528 | 0.01618 | 81.90 48.57 460 | 33.217 | 36174
135 0.01546 | 0.00716 | 0.00830 | 87.18 46.31 300 | 23.867 | 27.667
188 135 0.03784 | 0.01752 | 0.02032 | 79.55 46.30 440 | 39818 | 46.182
105 0.03711 | 0.01712 | 0.01999 | 71.90 46.13 390 | 43.897 | 51.256
75 0.03719 | 0.01709 | 0.02010 | 64.29 45.95 380 | 44.974 | 52.895
38 35 153 75 0.03602 | 0.01621 | 0.01981 | 67.06 45.00 506 | 32.036 | 39.150
105 0.03111 | 0.01422 | 0.01689 | 77.08 45.71 478 | 29.749 | 35335
135 0.02006 | 0.00813 | 0.01193 | 76.29 40.53 350 | 23.229 | 34.086
188 135 0.02267 | 0.01017 | 0.01250 | 77.08 44.86 416 | 24447 | 30.048
105 0.03776 | 0.01744 | 0.02032 | -71.98 46.19 510 | 34.196 | 39.843
75 0.03630 | 0.01644 | 0.01986 | 63.36 45.29 480 | 34.250 | 41.375

o Hl& 0.53~0.999] &2 BEAEHD, Aol F&o] 3.1~69.2cm¥/s, HFujFEo] 114.5
Evj A o k2] & Table 30|49} o] HF% ~183em®/s2 &7 vl& < ¥ 0.017

— 75—
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Table 3. The experimental condition and result of the SCM cherepnov water lifter

Tank . Drop | Delivery | Intake | Delivery | Drain o Water | Cycle | Delivery | Drain
. Pipe . . Efficiency| ... . o
diameter diameter height height | volume | volume | volume utilization| time rate rate
i :
Dy H, H, \ V, V, 7 ratio T Q2 Qs
Dp(mm) (%) .
(cm) (cm) (em) (m?) (m?) (m?) Vo/V(%)| (s) | (cm¥/s) | (cm¥/s)
28 20 153 75 0.1046 | 0.01416 | 0.09044 | 20.18 13.54 562 | 25.196 | 160.925

105 0.0767 | 0.00862 | 0.06808 | 18.96 11.24 412 | 20.922 | 165.243
135 0.1846 | 0.00308 | 0.18152 3.14 1.67 992 3.105 | 182.984
188 135 0.0942 | 0.00862 | 0.08558 | 15.73 9.15 506 | 17.036 | 169.130
105 0.1031 | 0.01354 | 0.08956 | 20.48 13.13 554 | 24.440 | 161.661

75 | 01195 | 0.01385 | 0.10565 | 16.22 11.59 642 | 21573 | 164.564
28 25 153 75 0.0406 | 0.01416 | 0.02644 | 48.53 34.88 218 | 64.954 | 121.284
105 0.0413 | 0.01047 | 0.03083 | 40.25 25.35 222 | 47.162 | 138.874
135 0.0335 | 0.00493 | 0.02853 | 25.25 14.72 180 | 27.389. | 158,500
188 135 0.0450 | 0.01170 | 0.03330 | 42.53 26.00 242 | 48.347 | 137.603
105 0.0473 | 0.01539 | 0.03191 | 48.13 32.54 254 | 60591 | 125.630

75 0.0454 | 0.01601 | 0.02939 | 46.52 35.26 244 | 65.615 | 120.451

28 35 153 75 0.0495 | 0.01785 | 0.03165 | 54.72 36.06 266 | 67.105 | 118.785
105 0.0413 | 0.01206 | 0.02924 | 49.22 29.20 222 | 54324 | 131712
135 0.0432 | 0.00695 | 0.03625 | 30.29 16.09 232 | 29.957 | 156.250
188 135 0.0428 | 0.01225 | 0.03055 | 49.19 | 28.62 230 | 53.261 | 132.826
105 0.0480 | 0.01682 | 0.03118 | 54.61 35.04 258 | 65.194 | 120.853

75 0.0465 | 0.01615 | 0.03035 | 48.56 34.73 250 | 64.600 | 121.400

38 20 153 75 0.1139 | 0.02268 | 0.09122 | 29.69 19.91 612 | 37.059 | 149.052
105 0.1161 | 0.01701 | 0.09909 | 24.70 14.65 624 | 27.260 | 158.798
135 0.0860 | 0.00363 | 0.08237 7.75 4.22 462 7.857 | 178.290
188 135 0.1362 | 0.01837 | 0.11783 | 23.17 1349 732 | 25.096 | 160.970
105 0.1359 | 0.02516 | 0.11174 | 28.86 18,51 730 | 34.466 | 153.068
75 0.1381 | 0.02490 | 0.11783 | 25.22 18.03 742 | 33558 | 158.801
38 25 153 75 0.0912 | 0.02813 | 0.06307 | 45.96 30.84 490 | 57408 | 128.714
105 0.0871 | 0.02279 | 0.06431 | 44.14 26.17 468 | 48.697 | 137415
135 0.0968 | 0.01445 | 0.08235 | 28.09 149 520 | 27.788 | 158.365
188 135 0.0919 | 0.02166 | 0.07024 | 40.48 23.57 494 | 43.846 | 142.186
105 0.0960 | 0.03005 | 0.06595 | 48.77 31.30 516 | 58.236 | 127.810
75 0.0971 | 0.02949 | 0.06761 | 42.48 30.37 522 | 5649 | 129.521 -

38 35 153 75 0.0834 | 0.03010 | 0.05330 | 58.38 36.09 448 | 67.188 | 118.973
105 0.0860 | 0.02630 | 0.06094 | 51.57 30.58 462 | 56.926 | 131.905
135 0.0804 | 0.01438 | 0.06706 | 33.67 17.89 432 | 33.287 | 155.231
188 135 0.0990 | 0.07144 | 0.07154 | 47.82 27.84 532 | 51.805 | 134.286
105 0.0834 | 0.03210 | 0.05130 | 5871 38.49 448 | 71.652 | 114509

75 0.0864 | 0.03210 | 0.05430 | 51.99 37.15 464 | 69.181 | 116.875

~0.63¢) ¥lg2 EHLYH st ol 43 Pol 4RBAE AT U
BE44YT FBNsDTe) WAL Fig. 11 walo] Aol Eaj5Aol g4 A4, Fig. 129}
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