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Experiments on the Practxcal "Use of Fish, Pumg-III

A "a

Studies on Desxgn of Vacuum Fish Pump ahd its Fxshmg Characteristics

Su Wei Cheng

. . 4

Vacuum conveyance means the use of the pressure difference between atmbsphe’ﬁc
pressure and vacuum for conveying soilds and ]iQuidé. The vacuum fish pump based
on this principle is designed to reduce labor. use in fishing . operations.

This report analyses the theory upon-which the - -degjgn of the vacuum fish pump
is based and descnbes the field Qest hat has been carrled out The result is as
follows:

1. The Windenburg ‘and Trilling formula is reliable and convenient fer determining
the thickness of the cylindrical vacuum vessel with external pressur:e at the length
less than the critical ‘length. In addition,” the working force should be five times

the rupturing force, as: - - ) [

5P _2.42E(t/D)*5
' (1—#’)° ** {(L/D)~—0.45(t/D)"**}

Where, _ |
P: Rupturing force :in kg/mm?, . , ,‘
D: Young’s. modulus of matenal in kg/mm® = /'

#: Poisson’s ratio. j
L: Length of vacuum vessel in mm. ,., ,
D: Diameter of vacumﬁ vessel in.mm. . o
t: Thickness of vacuum ‘vessel in mm. _ / o
Meanwhlle.‘cons:dermg ‘the . corrosion of matenal the corro§i_ve value of “the

matenal should be added to _the thickness. /

2. Vacuum pump desxgn is very important tor the vacuum S/stem At fn'st the_

_pressure .of .full water should be obtained by the principle of conservation of
energy. and the formula of mean value of function from th7 average velocity of

i
I

the flow, as: , /

R | / Po—1t "'*‘1°°°'PJ P
V= H'pw+f 1000 2 dP’
P e Y ——-——-——H"’w"'m"“}/ 1000-pwr {1+ o+ Fob fas i+ 1D

P . + UL o e/ h D
Where, .. /

V:. Average velocity in. m/s. ,
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Po: Pressure of atmosphere as 760 mmHg or Torr.
pi: Pressure of full water in mmHg or Torr.

pug: Density of mercury as 13.6.

ow+s: Total density of Lmed co-ntarnmg sohd

fi: Loss coefficient of hose inlet.

fo: Loss coefficient of hose outlet.
fe: Loss coefficient.of elbow of hose.
fu: Friction coefficient of hose.

" L: Hose length in m.

D: Hose diameter in m.
H: Inlet height of vacuum vessel in m.

Then, the average pumping speed of the vacuum system could be calculated by the

formula of air flow balance, as:

V,  PoeSn-qs
=? § —
Sn & .303 t log Piv Sn—ql

Where, : P
Sn: Net average pump speed in 1/s.
V: Valume of vacuum system in L

-, t: Pump-down time in sec.

.Po: Atmospheric pressure in mmHg eor Tofr.

P;: Expecting pressure in mmHg or Torr.
q1: Leak rate in Torr+1/s

And, the suitgble pump could be selected from the speed-pressure curve of the
vacuum pump supplied by a manufacturer. o

- 3.

The density of mackerel could be measured by Archimede’s principle and the
density changed very slightly in six heurs from the beginning of thawing. As, the
spotted and pacific mackerels were 1.062; and the horse mackerel and amberfish
were 1.067. The mixed ratio of spotted and pacific mackerels and horse mackerel
and amberfish\ were 20% and 80%, respectively. Therefore, the total density of
the mackerel was 1.066 from calculation. '

. The vacuum vessel for this expérimexit’ was 1100 mm in length and 900 mm in
diameter. Therelore, the thickness of the vessel was 4 mm by the Windenburg and

© Trilling formula. With the addition of 2 mm in corrosive value, the vessel was

(9]

made 6 mm in thke thickness of mild steel. Meanwhile, the average net pumping

- speed. of the vacuam pump was 39.7 I/s when the pressure was between 760 and

229 Torr. The average pumping speed of liquid vacuum pump at 39.9 I/s ‘was
selected for this experiment.

. The pump—down tine varied slightly with 'the ratio of fish to seawater. The pump-

down time was abor:t the same when the pressure was between 760 and 570 Torr
for various ratxo of flsh and seawater. Then, the higher the ratio of fish was, the
longer the time needed. This situation was more obvious aftéer 460 Torr. in

pressure. And, because of the high drag caused by friction, the full water time of



high ratio of fish was longer than the low ratio one. However, on account of the
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air leak in this vacuum system, the measured value of pump—down time was longer ..

than the calculated value. Meanwhile, the leak rate between 760 and 265 Torr. in

; pressure was 8408 Torr+l/s in this vacuum facility.

6. In this experiment, the ratio of fish énd seawater being' 1:3.1, the pumping capadity
of fish was 139 Tons/hr. It could certify the feasibility of the vacuum fish pump
in Taiwan. . g v . .

7. In this expenment the average rate of fxsh damaged was about 0.75%.

4. The average velocity (V) of- flsh and seawater in the hose degreased while: the
ratio of fish (F) rose, and the relatxon could be illustrated by V= 2 302—0.056F
+0. 001F2 and r=0.9. ,

9. The falling time (T) of fish and seawater from vacuum vessel increased while the
ratié- of fish (F) rose, and the relation could be illustrated by T=28. 268+1 047F,
and r=0.97.
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Fig. 1 Relatmnshlp between the thlckness (t)and dlameter (D) of
- cylindrical vacuum vessel at the length more than the cr1t1cal

length (Lc) for several metal materials ,
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Tab.I Young's rnodu}us and Poissoh's ratio for sevaral'i'retél materials.

_ . -p* 1- p41/3
Material ;mznggj mx;gd\)nlus Poisson's ratio = ‘5 _ ( 5 ) .
v r 2 (mm® /kg) (mm“/>-g)
Iron 2.5x10 03 4.23 x 10°5 o 3.48 x 1072

T Mild steel . . )

. (C 0.12- 3 ' _5 : “ap=2 -
.26 nomma1  21:2 % 10 0.3 4.29 x 10 . 3.50 x10
temp. ) ’

Hard iron .. 3 : _ e o a5 = -7

Ctiaorsy 209 x 107 0.3. 4.35 x 10 352x 207
Cast steel ~ 21.5 x 10° 0.3 4.23 x 107 .3.48 x 10';
Copper 12.5 x 10° 0.34 . 7.08 x 107° 4-14,% 10
Phosphor .3 25 -2
bronoe: 1.34 x 10 0.35 6.55 x 10 8.68 x 10

. Aluminum . 3 - =5 L ; -2

" ormal temp.) 6+6 X 107 - 0.34 11.34.x 10 5.12 x 107
Zinc ~ 10.0 x 10° 0.3 9.10 x 107° 4.50 x 107% |
18-8 Stainless o : - N '_2 |

steel (nomal 21.1x 107 . 0.3° - 4.31x%10 3.15 x 1074 7,

" temp.-400°C) ' . o e : ! : 2
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Fig. 2 Relationship between the minimum thickness (t ) and diameter
(D) of vacuum cylindric vessel in various length by diameter

with mild steel or 304 stainless steel.
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Fig. 8 Check valve
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Plate 2. Underframe

with

4-wheel.
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Fig. 12 Schemation diagram of vacuum fish pump used in this experiment.



Plate 4. Electric motor and liquid ring

vacuum punp.

Plate 5. Electric magnetic valve.
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plate 6. Arrangement of the vacuum fish purp
for this experiment.

" v

Plate 7. Suction hose and sampling fish in
the net.
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Plate 9. Measuring pumoing timne

and pressure.
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fish after pumped by vacuum- fish pump.
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Tab.IV Injured rate for various occupied fish in this experiment.

fish/seawater occupied fish total catch uninjured injured in - injured rate ' remarks
"( in volume ) () in number | in nmber number (% "
1:3.1 4.7 - 918 %05 13 142" average
. . » : _ . : * injured rate
1:3.3 23.3 865 - .. . 857 9 104 . 0758 -
1:3.3 23.3 881 870 . . 1.25
© 1:3.5 . 2.2 , 816 806 0 1.23
1:3.8 20.8 771 . ‘764 L7 0.91
‘_1:5.5 15.4 582 . 576 6 1.03
1:5.6 15.2 - 561 550 2 0.36
1:5.8 14.7 552 a9 - 3 0.54
1:6 14.3 537 s.0 7 130
(1:6.9 12.7 - 515 su 4 0.78
©1:10.1 S9.0 T 2 P o 0
1:11.4 - 8.1 A 245 . 244 : 0 0.41"
Lia sl 221 a1 o 0
1:13.2 7.0 214. 24 0 o
1:14.2 66 212 210 - 2 0.4 '
H IR RETE |

AR RSTE R B R RS Bﬁ@ﬁﬁzi@ﬂuﬁﬁi@k SABE R+ E o S SR o LR
WEBER » ARRERE AKBRRTHWE (V) AHEAKLE ( F ) BMABR, 288 X
8LV =2.302 — 0.056. F + 0,001 3% » HARNEK r = 0.9 » Ml 24 K% V> o1 BAT » H R
KHBIEL: 3.1~1 : 3.8 8> ZFi/aiﬁEﬁl 55m/s » BB 1.15m* /mins 1 : 5.5~1:6.9
BELBHES1.7Tm/s» BES1. 26m /mins 1:10,1~1 : 1148 FHWER1.88m/ s
s 28 1.39m* /min > 1 :14.2 B » ZFfamaiﬁl 97m/s s BEBS 1.45m* /min » BES (
1977 ) » B822.2ms RAEE10m » PAEE 5m » B 125mm ZBELRE R/ » ﬂ'ﬁgﬂiﬁsﬂﬂ (
1964 ) Z BB E ( &)\Dﬁ 200 mm » FEH O 150mm » 7780 ~ 790 rpm ) z;gg 1. 5m-,fmn
BE[) o
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3 ‘ i
V =2.302 - 0.056F + 0.001F2
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Fig. 24 Relationship between average velocity in the sucking

hose and occupied by fish,

Tab.V Flow, average velocity and falling time for various

occupied fish.
" fish/seawater pccupied fish flow ;verage Yelocity fallfi?gm time
( in volume ) - (%) ( m/min ) (/s ) vacum vessel
131 24.4 1.13 1.53 55
1:3.3 23.3 1.14 1.54 56 )
1:3.3 23.3 : 1.09 1.48 52
1:3.5 2.2 1.17 1:58 49
1:3.8 20.8 1.20 1.63 50
1:5.5 15.4 1.21 1.64 45
1:5.6 15.2 129 ‘ 1.75 - 'Y
1:5.8 14.7 1.24 1.68 47
1:6 "14.3 1.22 1.65 45
1:6.9 12.7 1.31 1.78 41
1:10.1 9.0 1.39 1.88 38
1:11.4 8.1 1.36 1.821_ 36
1:11.4 8.1 o 1.42 1.92 ' 37
1:13.2 7.0 1.43 1.94 -

1:14.2 6.6 . 1.51 2.05 35
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Fig. 25 Falling time from vacuum vessel verus coccupied by
fish. '
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