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1. 91m':::uU1e1I"1J'tl~nl\:wnJ~ 1 9..:1rll'W'dbU'V!11l1J':::vi1tlbLN F' ~m':::Utln~U~1~1J'tltU1;] ~l?lJ'1n1J'1'V!rln~u
~ ~

"JJtl..:lJl~'W1e1~J'tl~n~ QTI"1'dl~b;'d"JJtl..:lrln~U v nl~..:Ib:n..:lnrlV m':::Utln~lJe.J~WI1~ r; LL~:::nl~..:I~1e1~J'tl~n~~~
~ ~ ~

~tl..:l91t11~nuJ':::uu Ph ~~~~t)l n1J'~'l.!b~t11'WvltlbLrl:::~'W:VaIVeS)wh..:l1 iJl"hUtltl~ln nl'V!'W~1~I"1'dl~;'W

p=200 bar ~l?lJ'1n1J'1'V!rl Qp=40 lpm b~'WeJl'W~'WtJnrll..:1"JJ'eI..:l~n~u D=100 mm bLrl:::b~'WeJl'W~'WtJnrll..:1"JJ!l..:l

nl'W~lJ d=70 mm (15 l"1:::bb'W'W)
~

'VI~1 2 IOnn 9



2.

;'fl nr~ 'W.f'\. _

, '"
ij"''"J1~~'WLYl~~'U 12 MPa

2.2 "''"J1~L~'"J'iJ'eJ_:JJ1~'Ule1In~'eJ~n~~L~~1::~~~'eJ 3 m/s 1iil_:J1n'1l{;l~1m~1~g'l~_:J~lnmru~1oDvl'eJle1In~'eJ~n~~ij
'lJ •

'iJ'U1lnL~'U~1'U~'UtJng'l1_:J1l1tJ1'U 0.375 U'"J ( 5 "'::LL'U'U)
'lJ

2.3 1il_:J~1'iJ'U11n'iJ'eJ_:Jvl'eJ le1In~'eJ~n ~~~1~1~tl1i~_:JJ1~'Ule1In~1 ~n~~'"JtJ'1l(;l~1m~1~g'l 15 gpm llntJ~m~ru::m~

l~g'ltJ_:J"'_:J LU'ULL1J1J~11J ~tJ1J(laminar) n1~'U1n1~J1~'U~Hij"''"J1~Wnln Lvl1rlU 35 cSt (~1'eJ mm
2/s)
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3. JldJ''U~~'"J1V!~1'U~~uu1e:rc;l~'eJ ~n tl~~u n1~~'"Ju~'"Jd-J1'Uvl'eJ~r;U~'"Jd-JJldJ''U~~'"J1V!~(drain line) us ~1V!~~'l~mc;l

~'eJ'l~Ub~'eJn1~~mj'11.h~~V1fiJll"f/"lI'eJ'l~d-J1e:rc;l~'eJ~n~ 1'Un1~~n'rtl~'lmh'"J 1~1'c;l fl'"Jld-J~'U[?l n fl~'eJd-J (Pressure
... i,I I I at I I

drop)lJd-J md-JlfLJUldJ''UYl~'"J1V!~(1'm'Jn15 'U1Yl) LL~~fl'"Jl:Jb;'"J~'eJU"ll'eJ'lUd-J m~1'lYl3 LL~c;l'l1i'eJ\!~Ylt'"JU~'"Jd-J
a i,I ... I

1~ ,hmd-J1 [?l~("lI'Ul c;l)"lI'eJ'lUd-J ~'"JU ~'eJ 8 ern'lte» "N ~1'U dfLJ V!ltJ~~~V1fiJll"f/ b'D'lmd-J 1 [?l ~"lI'eJ'lUd-JYl LL~ ~ ~

(20 fl~ bL'U'U)

"
0

tY[;l'i'1n1'i'f'J1~'Cl rl'J12-J t T'J'i''fl'lJ'II'fl-:l~2-Jrl'J12-J (;jjJ[;ln rl1'fl2-Ju2-J 1.h::::~V1fim'ViL:n-:lW2-J1[;l'i'

(bars) (em3fs) (rpm) (%)

70 4.5 2,900

140 7.6 2,800

175 10.8 2,600

210 16.9 2,500

,
tnl~"Ni1 3 ;ril3Jflnl~'YIt'lflfN
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4. ,j~(?]'d'V!~~ihJh.J'll9lJ'L'Vhnu 100 em' LL~:::~1~1J'Cl91t1J1~1Jle1~J''el~n~~'dtl'1l191J'1mJ'1'V!rl90 lpm ~r1'd1~~U

70 bars LLrl:::r1'd1~Lt'dJ''1l1J 1,000 rpm fh,j~(?]'d~tJniULr1~'1lW~'dtl'Vl'1lfr1 125 N-m
.. '"

4.1 9~'V!11h:::~'Vl~1l1~J''d~(overall efficiencY)"1J'1l~i:l~(?]'dU (10 r1:::LLUU)

4.2 9~"1JU1~"1J'1l~'Vl'1lfr1'Vl1~'Vl~~lJ~~'1l~1fLumri"'lJ~~(?]'d~ (10 r1:::LLUU)
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5. 1e:r~d''el~n~~'elbl?l'elf''II'W1~ 35 cmvrev r1n~~~~b~'elmdiubVI~'el'Wd'r1~mn~~'W'V!~~~~'el~1_n'Vl'elf'"1"I1'W1~125
'IJ

N-m 9~9::::.yh1~~~b'"1~'el'W~"nn~Jl1~'V!t,j~ri~ tl1~'elbl?l'elf~<~1~1'W~'"1'J1~~'W 205 bars bl.~::::i1 stall torque

efficiency bVl1nU 62% 9~ ~1'W'Jru'Vl'elf'"1~~~~~~'elbl?l'elM 1~e.J~1?l1Jl b~'elmdiud'r1~mn~~1 ~bi~ b'"1~'el'W~('"1
'IJ ,

'J1~ b;'Jd''elU bVl1nu~'W~) bl.~::::'Vl'elf'"1"I1'W1 ~~~1~1d'r1.yh 1~d'n ~mn~ ~~ b'"1~'el'W~'V!1'el hJ
'IJ

. Stall torque
Stall torque efficiency> h . 1 100

T eoretica torque

Stall torque ~'el 'Vl'elf'"1~~~~~t)~1Jl"IIru::::~~ml?l'elf'V!tJ~'V!~'W
\l ~ ~ q

vrih 6 "nn 9
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6.1 Pressure relief valves
6.2 Pressure reducing valves
6.3 Unloading valves
6.4 Sequencing valves
6.5 Counter balance valves
6.6 Brake valves

( 20 r1:::LL'W'W)
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Mass
1 kg ::;; 2.2046 pound (lb)::;; lOOO gm
1 Ib =0.4536 kg
1 ton (imperial) =2240 lb =1016 kg =1.12 ton (US)
I tonne =1000 kg =2204.6Ib =0.984:~ ton (imperial)
] ton (US) = 0.8929 ton (imperial)

Length
1 metre =3.281 foot (ft) =1000 mm =100 em
1 inch > 25.4 nun =2.54 em
1 yard =0.9144 m

Volume
1 litre := 0.2200 gallon (imperial) =0.21)42 gallon (US)
1 gallon (imperial) = 4.546 litre = 1.20 II gallon (US)

=0.161 cubic ft
1 gallon (US) =3.785 litre =0.8326 gallon (imperial)
1 cubic meter =220 gallon (imperial) ::: 35.315 cubic feet
1 cubic inch = 16.387 cubic centimetres

Force

1 newton (N) = 0.2248 pound force (lb f)

= 0.1019 kilogram force (kg f)
1 lb f =4.448N =0.4534 kg f
1 kg f = 9.81N:= 2.205 Ib

Other units are
dynes (cgs unit); I N =1()5 dynes
ponds (gram force); IN::;; 102 ponds

51 unit is the newton:
N:= kg ms-2

Work (Energy)

I joule (J) := 2.788 X 1(,.4 Wh (2.788 x 10-' kWh)
= 0.7376 it Ibf
=0.2388 calories
:= 9.487 x 104 British thermal units (BTu)
=0.102 kgfm
= 107 ergs (cgs unit)

51 unit of work is the joule (J)
U:::INm

=1 m2 kg 5-2
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Pressure

1 bar = 100 kPa
=14.5 psi
=750mmHg
=401.8 inches W G
=1.0197 kgf cm-2

.::0.9872 atmosphere
1 kilopascal .:: 1000 Pa

=0.01 bar
=0.145 psi
.:: 1.0197 X 10-3 kgf cm-2

= 4.018 inches W G
= 9.872 X 10-3 atmosphere

1 pound per square inch (psi) .::6.895 kPa
= 0.0703 kgf cm-2

.:: 27.7 ir ches W G
1 kilogram force per square cm (kgf CJ(}-2) =98.07 kPa

.:: 14.223 psi
1 Atmosphere =l.013 bar

=14.7 psi
.:: 1.033 kgf em?

SI unit of pressure is the pascal (Pa) lPa:: IN m-2

Practical units are the bar and the psi.

Power

1 kwatt (kw) =1.34 Hp
.:: 1.36 metric Hp
=102 kgf m S-1

.:: 1000W
1 horse power (Hp) =0.7457 kw

;: 550 Ft lb S-I

= 2545 BTU h- 1

SI unit of power (and the practical unit) is the watt (W)

Kinematic viscosity v = J.1
P

where Jl = dynamic viscosity [g/ls . cm)]
p =density (gl cm'')

Bulk Modulus -t1P
~ = (t1V/V)

where 13 =bulk modulus (psi)
h.P = change in pressure (psi)
to V = change in volume when ~P is applied (in-')

V =original volume (in ')


