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Ia the event of the pipe fracturing the pressure drop
acrcss the orifice then becomes 2000 kPa, and referring to
Figure 6.1, the flowrate through the orifice will then
become 17 1/s. At this flow and pressure drop cavitation
will occur, although in such a sitution that its occurrence
is acceptable. If there vere not restricting orifice in
the pipe, the flowrate would be 95 1/s.

From these two examples, it -an be seen that the derived
equation for incipient cavitaticu can be applied to various
problems that may occur ir aine water reticulation

systems. Ine main haza'd resulting from the non-detection
of cavitation is tht significant material erosion will

occur., Therefore, 1f a cavitation limit can bhe set, the
possibility of cavitation damage is minimised.
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CONCLUSIONS

It is believed that the object of this study has been achievad,
namely, to deternine incipient cavitation limits for the
situation where orifice plate pressure dissipators are used. The

main conclusions @rising from the study are:

i)

i1)

111)

iv)

The use of orifice plates as pressure dissipators in high
pressure water lines is satisfactory, providing attention
.3 given to the system operating parameters so that
cavitation can be avoided.

The East Driefoutein incipient cavitation data shows a
definite relationship between upstream pressure, orifice
pressure and the occurrence of incipient cavitation,
leading to the formulation of an incipient cavitation
prediction equation. (This has been presented in a
graphical form).

The results also indicated that upstream pressure affects
the incipient cavitation limit. At high upstream pressures
the pressure drop/upstream pressure ratio is relatively

" lower than at low upstream pressures.

Immediately downstream of the orifice it is possible to

~ obtain negative gauge pressures. (This condition gives

rise to excessive vibration).

For incipient cavir-tion to occur, the pressure downstream

of the orifice does not have to drop below atmospheric.
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8.

RECOMMENDAT IONS FOR FUTURE WORK

i)

ii)

i11)

It i5 suggested that the cavitation inception prediction
equation or graph be used to predict cavitation inception
limits;

The method used to determine the incipient cavitation
points be further developed; and

the work contained in Section 5.3 on bubble size and
formation also be developed further.

W PEDE TR AT e e,

RN S MRS T i) SN pe S B S B0p A i LT W R

D, T O T T I T S A R R AR S T T A TS S S




(2]
~
-

o A e L S BV R N A YR S i R S R S TS PR T AT . L IR IR e L SN

FPERENCES

T 5 M EI N L AT




ASME. ,

ARNDT, R.E.A. & IPPEN, A.T.,

BALT, J.W. ET AL.,

BALL, J.W.,

BERTHQLET, M.,

BRITISH STANDARDS INSTITUTE,

BIKERMAN, J.J.,

CHATURVEDL, M.C.,

DAILY. J.W. & JCHNSON, V.E.,

DAILY, J.W. ET AL.,

174

Fluid Meters = Their Theory and
Application. New York. 5th Ed. 1959.

Rough Surface effects on cavitation
inception. J of Basic Eng, Trans
ASME. June 1968, pp 249 - 261.

Predicting cavitation in sudden
enlargements. ASCE HY 7, vol 10i,
July 1975, pp 857 - 870.

Cavitation from surface
irregularities in high velocity.
ASCE HY9, Sept 197€,

Sur quelques phenomenes de
dilatation forcée des liquides.

Ann. de Chimie et de Physique, vol
30, 1850, 232 et seq.

BS 1042, Pt 1.

Surface Chemistry, 2nd Ed. New
York. Academic Press Inc, 1958.

Flow characteristics of axisymmetric
expansions. ASCE HY3, May 1962.

Turbulence and boundary layer
eff-cts on cavitaticn inception from
gas nuclei. ASME Trans, vol 78,
1956, pp 1695 - 1706.

Turbulence and static pressure in
relation to inception of
cavitation. Int Ass for Hyd Res,
9th Cong, Rel _rade, 1961, pp 110 -
122,

Pra




F g

~.XON, H.H.,

DOUGL/S. J.F. ET AL.,

ELLIS, A.T.,

EPSTEIN, P.S., & PLESSET, M.S.,

FISHER, J.C.,

FOX, F.E. & HERZFOLD, E.F.,

FURTH, R.E.,

GARCIA, R, ET AL.,

GARCIA, R, & HAMMIT, F.G., 1967

175

Note on the Tensile Strength of
Water, 8ci Proc, Royal Dublin Soc,
vol 12 (N.S.), 1709 pp 60 - 65,

¥luid Mechanics. Pitaman Pub Lid,
London, 1979, ISBN 0273 00462X.

Production of sccelerated cavitation
by an acoustic field in a
cylindrical cavity. Acou Soc of /m.
Vol 27, 1955, pp 913 - 921.

On the stability of gas bubbles in
liquid-gas solutiocas. J of Chem
Phys, Vol 18, 1950, pp 1505 - 1509.

The fracture of liquids. J of Appl
Phys, Vol 19, 1948,

Gas Bubbles with organic skin as
cavitation nuclei. J Acou Soc of
Am, Vol 26, 1954, pp 984 - 989,

On the theory of holes in liquids,
Proc. Physical Soriety, Londou, Vol
52, 1940, p 768.

Correlatioa of cavitation damage
with other material and fluid
properties. AST™, Spec Tech Bubl,
408, 196?, pp 239 - 279.

Cavitation damage and correlations
with material and fluid properties.
J of Basic Eng, ASME, Vol 89, 1967,
pp 753 - 765.




o~ -“N‘l.‘) -%M :‘ 3 ..
UAMMIT, F.G.,

HAMMITT, F.G.,

HARVEY, E.N. ET AL.,

HEATHCOCK, C.J. ET AL.,

HIXLING, R, & PLESSET, M.S.,

HALL, J.W.,

HALL, J.W. & TREASTER, A.L.,

A KNAPP, R.T. & HOLLANDEZ, A.,

176

Obszervations on cavitation damage in
a flowing system. J of Fasic Eng,
ASME, Vol 85, 1963, pp 3i7 - 359.

Cavitation damage and performance
research facilities. ASME sym. on
cav, res, facilities and techniques,
1964, pp 175 - 184,

Bubble formation in animals, J
cellular and comp. Physiel 24, No.
1, Pt I & II, Aug 1944, pp 1 =~ 34,

The influence of external variables
and microstructure on the cavitation

erosion of materials. 5th Int con
on Erosion by liquid and solid

impact, Cambridge, Sept 3 - 5, 1979.

Collapse and rebound of a spherical
bubble in water. Physics of flulds,
Vol 7, Jan 1964, pp 7 =14,

The inception of cavitation on
isolated surface irregularities. J
of Basic Eng, ASME, Vol 82, 1960, pp
169 - 183.

Cavitation Hysteresis. J of Basic
Eng, ASME, Vol 81, Pt 1, 1966, pp
199 - 212.

Laboratory investigations of the
mechanism of cavitation. ASME
Trans, Vol 70, Pt 4, 1948, pp 419 -
435,

Ba




KNAPP, R.T.,

KNAPP, R.T. ET AL.,

KO ZIREV, S.P.,

LICHTAROWICZ, A. & PEARCE, I.D.,

LICHTMAN, J.Z. & WELNGRAMM, E.R.,

McNULTY, P.J. & PEARSALL, I.S.,

MES SINO, C.D. ET AL.,

MEYER, .J.,

MILLER, D.S.,

177

Cavitation and Nuclei. ASME Trarns,
Vol 80, 1958, pp 1315 - 1324.

Cavitation Engineering societies
Monograph, New York, McGraw Hill,
1970.

Cn cumulative collapse of cavities.
ASME, J of Basic Eng. March 1968, pp
116 - 124,

Proc of conference on cavitation

= Cavitation and aeration effects in
long orifices. Fluid mechinery
group I Mech E Edinburgh Sept.

1974, P 129

The use of Rotating ......... ASME,
Symp on Cav Res Fac and Techniques,
1964, pp 185 - 196.

Cavitation inception in pumps. J of
Fluids Eng, Trans ASME, Vol 104,
March 1982, pp 99 - 104.

Effect of solid impurities on
cavitation nuclei in water.
Accoustical soc of America, Journal,
Vol 41, March 1967.

Zur Kenntnis des negativen Druckes
in Flussigkeiten. Abhandl Deut
Bunsen Ges Band III Nr 1, 1911, der
Canzen Reihe N 6.

Internal flow. A guide to losses in
pipe and duct systems. Cranfield,
lingland ; BHRA, 1971.




178

MILLER, D.S., Interual flow system. Cranfield,
England : BHRA, 1978.
TSBN O 900983 78 7.

NAUDE, C.F. & ELLIS, A.T., On the mecaanism of cavitation
damage by non hemisperical cavitias
cellapsing in contact with a solid
bouadary. ASME, J of Rasic Eng, Vol
83, Dec 1961, pp 648 ~ 650u.

NUMACRI, F. ET AL., Cavitation effect on discharge
coefficlent of the sharp edged
orifice plate. ASME, J of Bareic
Eng , March 1960, pp 1 - 11.

OVERTON, G.D.N, & TREVENA, D.H., Cavitation experiments with water in
a steel Bertholet :tube., J Phys D,

Appl Phys, 13, 1980, pp 1304 - 1314,

PARSONS, C.A., The marine steam turbine frew 1394
to 1510, Engineering, July 1911, pp
32 - 137.

PARSONS, C.A. & COOK, S.S8., investigations into the causes of

corrosion or erosion of propellers.
Engineering, vol 107, April 1919, pp
501 - 502 & 515 -~ 519.

PEARSALL, I.S., Cavitation. London, Mills & Boon,
1972.
PEDOE, J., Advanced National Certificate

Mathematics London, The English
Universities Press Ltd, 1971.

PEARCE, I.D. & LICHTAROWICZ, A., Discharge performance of long
orifices with cavitating flow. 2nd
Fluid Power Symposium, DHRA, Jan 1971




PORITSKY, H.,

RAO, N.S. & THIRUVENGADAM, A.,

RAYLEIGH, O.M.,

REES, E.P. & TREVENA, D.H.,

RIPKEN, J.F. & KILLEN J.M.,

ROUSE, H.,

RUGGERI, R.S. & GELDER, T.F.,

RUSSELL, 5.0, & BALL, J.W.,

179

The collapse or growth of a
spherical bubble or cavity in a
viscous fluid. ASME Proc, lst US
Natl Cong Appl Mech, 1952, pp 813 -
821.

Prediction of cavitation damage.
ASCE Proc, Sept 1961, pp 37 - 62.

On the pressure developed in a
liquid during the collapse of a
spherical cavity. April 1917.

The effects o. temperature and
viscosity on the critical tensions
of liquids. ASME, Cavitation Forum,
1967.

Gas bubbles : Their occurrence,
measurement and influence {na
cavitation testing. 1963.

Cavitation in the mixing zone of a
submerged jet. La Houille Blanche,
Vol 8, Pt 1, Jan - Feb 1953, pp 9 -
19.

Effects of air content and water
purity on liquid tension at
incipient cavitation in venturi
flow. NASA Tech Note, D-1459, March
1963,

Sudder enlargement energy dissipator
for the Mica dam, ASCE, J of Hyd
Div, HY4, July 1967.




v e
-

-
N i s T PP R ——

g

R

g+~ SWICL IR

»
T R T, %
~° M
B TV R TNl o
»

SHUTTLER, N.D. & MESLER, R.B.,

STRAS “CRG, M.,

SWEENEY, C.E.,

TOMLINSON, C.R.,

TULLIS, J.P.,

TULLIS, J.P. & BALL, J.W.,

TULLIS, J.P. & GWINDARAJAN, R.,

TULLIS J.P. & MARSHNER, B.W.,

180

A photographic study of the dynamics
and damage capabilities of bubbles
collapsing near solid boundaries.
ASME, J of Basic Eng, Vol 87, Pt 2,
1965, pp 511 - 517.

Indissolved air cavities as
cavitation nuclei. Proc Symp on
Cavitation, N.P.L., Teddington, Sept
1935.

Cavitation damage in sudden
enlargements. M.Sc, Dissertation,
Colorado State University, Colorado,
USA, May 1974,

On the so-called inactive condition

of solids. Phil Mag, Vol 34, Pt 4,
1867, pp 136 - 143 & 229 - 230.

Cav. “ation scale effects for
valves. ASCE, J of Hyd Div, HY7,

July 1973, pp 1199 - 1128.

Cavitation data for valves and its
application. Con vol I MECH E,
Cavitation, Edinburgh, 1974.

Cavitation and size scale effects
for orifices. ASCE, J of Hyd Div,
HY3, March 1973, pp 417 - 430.

A review of cavitation research on
valves. J of Hyd Div, ASCE. Vol 94,
No HY1l, Proc Paper 5705, Jan 1968,
pp l - 16,




T i o,

e

VAN DER MEULEN, J.H.J.,

VINCENT, R.S. & SIMMONDS, G.H.,

WIILLIFR, A.,

WILLIAMS, E.E. & McNULTY, P.,

181

Cavitation suppression by Polymer
injection, Conference ASME,
Cavitation and polyphse flow forum,
1973.

Examination of the Bertholet method
of measuring tensions in liquids.
Proc Phyr Soc Lond, Vol 55, 1943, pp
376 - 382.

The calculation of heat exchange
between air and wet surfaces. S.A.
Inst of Mine & Met, vol 78, Pt 8,
March 1967, pp 396 - 402,

Some factors affecting thz inception
of cavitation. Proc Symp on
Cavitation, N P.L. Teddington. Sept
1955, pp 2.1 - 2,22,

| -y




WUERE SN, T O

182

)

VN AN 0 Y e A, P e e

APPENDLX

:
:
:
:
3
:
;




183

D a/p | Pu AP Q N
|_(mm) (kPa) | (kPa (1/8) | (m/s*) 4§
97,2 | 0,206 ! 2000 | 718 3,6 25
= = 2010 | 1447 8,9 30
- - 2000 | 1627 9,8 59
- - 2000 | 1828 10,5 59
= - 2000 | 1920 1,0 | 103
= - 2000 | 1985 11,5 | 142
- - 3000 | 279 8,6 5
- - 3000 | 509 9,2 7
- - 3000 | 1641 9,4 14
- - 3000 | 2143 10,5 40
- - 3000 | 2344 10,5 59
- - 3000 | 2566 10,7 78
- - 3000 | 2874 10,5 98
- - 3000 | 3096 10,7 | 225
- - 4000 | 402 8,6 3
- - 4000 | 1304 8,3 7
- - 4000 | 1899 10,4 9
- : 4000 | 2559 10,4 10
- - 4000 | 2767 11,0 29
- - 4000 | 2967 11,0 59
- - 4010 | 3182 11,0 98
} - - 4000 | 3555 11,0 | 118
/ - - 4000 | 3799 10,9 137
9 - - 4000 | 3913 11,0 | 25
: - - 4000 | 4121 “ 294
% - - 5000 | 1268 4,5 5
? - - 5000 | 2298 6,6 7
: - - 5000 | 2903 10,3 10
- - 5000 | 3519 10,3 29
- - 5000 | 3835 11,2 88
- - 5000 | 4343 1,7 | 147
- - 5010 | 4709 12,5 176
- - 5000 | 4845 14,5 | 225
- - 5000 | 5131 15,7 | 539
- - 6ot0 | 2021 7,4 6
¥ - - 6010 | 2953 11,0 14
¥
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Smnz

d/D

97,2

0,206

AP
(kPa)

3633
4100
4544
5103
5150
5885
6035
6135
2100
3906
4673
5563
6214
6780
7038

451

745

946
1211
1362
1512
1698
1806
1842
1871
1899
1921
1928

774
1261
1863
1921
2164
2415
2652
2785

13,9
15,8
7.1
17,1
17,3
18,8
24,2
24,5
12,1
12,9
14,6
16,6
18,5
19,9
21,8
12,2
14,9
16,4
18,4
19,4
20,4
21,5
22,1
22,4
22,7
22,8
22,8
22,9
14,9
18,8
21,4
22,8
24,1
25,4
26,8
27,7

108
196
216
314
490
686

16
245
284
372
529

22,5

29
39
54
78
93
97
118
137
294
127
127
123
17
26
37
47
83
118
137
162
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D d/p Pu Ar Q N
_(mm) kPa (kpa) | (1/8) | (m/s*) |
97,2 | 0,276 | 3000 | 2867 28,2 191
- - 3000 | 2876 28,5 195
- - 3000 | 2924 28,7 225
- - 3000 | 2953 28,5 255
- - 4000 | 1684 n,s 18
- - 4000 | 2379 25,7 21
- - 4000 | 2637 27,0 29
- - 4000 | 2939 29,2 88
- - 4000 | 3211 27,8 157
- - 4000 | 3576 29,2 167
- - 4000 | 13734 29,7 206
- - 4000 | 3813 30,0 245
- - 4000 | 3885 30,2 372
- - 4000 | 3928 30,4 313
- - 5000 | 2630 26,8 20
- - 5000 | 2960 29,3 22
- - 5000 | 3197 7.8 29
- - 5000 | 3612 29,3 98
- - 5000 | 3820 30,0 176
- - 5000 | 4064 30,8 186
- - 5000 | 4408 55,1 206
- - 5000 | 4673 31,9 225
- - 5000 | 4795 33,1 382
- - 6000 | 3175 27,7 18
- - 6000 | 3440 28,7 21
- - 6000 | 13727 29,8 25
- - 6000 | 4064 31,0 49
- - 6000 | 4365 31,8 157
- - 6000 | 4623 32,6 225
- - 6000 | 5039 33,8 245
- - 6000 | 5390 34,8 255
- - 7000 | 4064 30,8 29
- - 7000 | 4257 31,4 29
- - 7000 | 4616 32,6 78
- - 7000 4888 33,4 147
- - 7000 | 5282 34,5 225
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d/D

7000
7000
7000
2000
2000
2000
2000
2000
2000
2000
2000
2000
3000
3000
3000
3000
3000
3000
3000
3000
3000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
5000
5000
5000
5000
5000

AP

5627
6035
6375

286

781
1132
1311
1390
1476
1605
1648

1670
666

1190
1491
1706
1899
2035
2365
2515
2537

788
1328
1964
2308
2444
2688
2960
3175
ile6l
3426
1412
2189
2867
3161
3490

(kPa)

35,6
36,6
37,5
14.5
21,3
25,8
28,2
29,8
29,8
31,0
31,4
31,3
20,6
26,9
29,9
31,9
33,5
34,6
37.1
35,2
38,3
21,7
28,7
34,0
36,7
37,7
39,4
4y ?
42,5
43,7
44,1
29,2
35,8
40,6
42,4
44,4

314
314
333
39
98
125
137
147
150
155
152
147
28
57
59
69
86
118
145
127
123

23
36
49
93
157
172
184
196
27
41
a6
74
162
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D d/p Pu AP Q N
_(am) (kpa) | _(kPa) § (1/s) | (m/s%)
97,2 | 0,330 | 5000 | 3570 45,5 196
- . 5000 | 3945 47,1 216
- - 5000 | 4179 48,3 216
- - 5000 | 4293 48,9 216
- - 6000 | 1923 33,8 32
- - 6000 | 2652 39,1 52
- - 6000 | 3275 43,2 50
- - 6000 | 3526 44,7 59
. & 6000 | 3749 46,0 78
- - 6000 | 4007 47,4 137
- - 6000 | 4286 48,9 186
- - 6000 | 4537 50,2 255
- - 6000 | 4824 51,7 274
- - 6000 | 5017 52,6 284
- - 6000 | 5196 53,5 294
- - 6000 | 5239 53,7 294
- - 7000 | 3118 42,2 69
- - 7000 | 3727 45,8 69
- - 7000 | 3947 47,1 67
- - 7000 | 4136 48.1 54
- - 7000 | 4322 49,1 78
» - 7000 | 4593 50,5 127
- - 7000 | 4723 51,2 176
- - 7000 | 4881 51,9 206
- - 7000 | 5089 53,0 265
- - 7000 | 5290 53,9 333
- - 7000 | 5576 55,3 343
- - 7000 | 5791 56,2 333
- - 7000 | 6049 57,4 323
- - 7000 | 6100 57,6 323
97,2 | 0,377 | 2000 474 2/,1 19
- - 2029 918 34,5 28
- - 1970 980 35,4 | 34,5
- - 2020 | 1088 38,3 31
- - 2000 | 1170 42,2 | 35,5
- - 2000 | 1260 41,4 176
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D | d4/p | Pu AP Q N
i2E) (pa) | (kpa) | (1/s) | (m/sT) )
97,2 § 0,377 | 2030 | 1340 39,7 147
- - 2000 | 1570 41,4 -
- - 2000 | 1423 40,0 147
- - 2000 | 1420 43,0 -
E - 2000 | 1502 43,1 157
- - 1990 | 1648 43,8 | 284
- B 3010 | 441 23,1 5
B - 3010 | 866 32,6 18
- - 3000 | 1375 41,7 15
- - 3000 | 1730 39,1 -
- - 3000 | 1669 52,1 22
- - 2990 | 1800 48,3 -
- - 3000 | 1998 46,0 176
- - 3000 | 2050 47,9 -
- - 3000 | 2155 48,3 132
- - 3010 | 2180 52,9 -
- - 3030 | 2227 50,0 147
- - 3000 | 2286 52,5 186
- - 3030 | 2530 54,4 225
- - 4000 | 474 23,5 2
- - 4000 | 1009 36,6 3
- - 4000 | 1310 41,4 -
- - 4000 | 1643 51,1 5
- - 3990 | 1730 47,2 -
- - 4000 | 2150 52,2 -
- - 4020 | 2201 48,6 98
- - 4000 | 2480 56,4 -
- - 4050 | 2743 54,7 167
- - 4050 | 2899 56,2 176
- - 3990 | 2790 59,8 -
E - 3950 | 2900 60,6 -
- - 4070 | 3095 58,3 216
- - 4010 | 3354 61,9 235
- - 5000 | 474 22,7
- - 5000 | 934 34,3
B - 5000 | 1689 52,1
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| o | am | | A Q N
| (am) _ (kpa) | (epa) | (1/s) | (m/s®)
97,2 | 0,377 | 5000 | 2024 63,1 29
- - 5000 | 2500 56,4 39
- - 4990 | 2620 57,9 98
- - 4950 | 2435 60,9 118
- - 5000 ; 2950 62,1 225
- - 5000 | 3120 63,7 255
- - 4970 | 2938 66,3 260
- - 4990 | 3460 66,7 260
- - 5000 | 3630 68,3 260
- - 5010 | 3853 65,1 284
- - 5000 | 4179 70,7 196
- - 6000 454 23 1
- - 5990 931 34,6
- - 6000 | 1656 51,7
- - 6000 | 2090 63,7 -
- - 5990 | 2560 62,1 -
- - 6050 | 2236 61,3 39
- - 6000 | 2873 65,2 -
- E 5950 | 2451 63,7 88
- - 6000 | 2997 66,0 -
- - 6000 | 3147 67,5 B
- B 6000 | 3526 67,9 274
- - 6000 | 3298 69,0 -
- - 6000 | 4081 74,0 323
- - 6000 | 4105 75,2 -
- - 7000 494 24,8 2 |
- - 7030 866 32,2 2 -
: - - 7000 | 1584 47,5 2 ;
- - 6980 | 2492 45,5 2
- - 7000 | 2448 60,2 2
- - 7000 | 2873 65,2 3
- - 7000 | 3415 69,0 14
- - 6880 | 3657 72,1 27
- - 6660 | 3905 73,6 33
- - 6310 | 4245 76,7 30
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D d/p Pu AP Q N

(mm) (kPa) (kPa) (1/s8) | (m/s*)

97,2 | 0,444 | 2000 19 6,8 157
- - 2000 65 13,4 157
- - 2000 234 24,7 167
- - 2000 376 32,1 167
- - 2000 480 36,4 157
- - 2000 584 40,2 167
- - 2000 824 48,1 172
- - 2000 837 48,5 176
- B 2000 896 50,2 186
- - 2000 961 52,0 196
- - 2000 | 1003 53,2 201
- - 3000 149 19,6 29
~ - 3000 284 28,0 57
- - 3000 539 38,6 88
- - 3000 759 46,1 105
- - 3000 954 51,8 118
- - 3000 | 1013 53,5 127
- B 3000 | 1162 57,4 137
- - 3000 | 1324 61,4 157
- - 3000 | 1441 64,1 167
- - 4000 422 34,0 20
- - 4000 727 45,1 25
- - 4000 | 1026 53,8 29
- - 4000 | 1711 61,1 30
- - 4000 | 1766 .2 59
- - 4000 | 1869 73,3 67
- - 4000 | 1915 74,2 88
- - 5000 372 31,9 18
- - 5000 817 47,9 1§
- - 5000 | 1569 67,0 12
- - 5000 | 1949 74,9 14
- - 5000 | 2172 79,2 29
- - 5000 | 2451 84,3 78
- B 5000 | 2487 84,9 147
- - 6000 566 39,6 18
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'*g‘ , ) d/D Pu AP Q N

97,2 | 0,444 | 6000 | 845 48,7 18
- - 6000 | 1569 67,0 15
- - 6000 | 2007 76,1 12
- - 600G | 2243 80,5 39
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