Eng. Haytham Bakour. U553 Al (udigal)

Mechanical engineer. ShilSae udiga
s dxals 2000 eLG A

l’YnuTube Eng. Haytham Bakour

2021-05-16 Pump Basics - Eng. Haytham Bakour






) 4

1o 35Syl 5 jUall A all

First section
Centrifugal pumps

4



-

\_

-
o T o @ ! . ~ 'l"! .

Low pressure area

~

¢ Glaiadl aladinl e dgladl oo L -
- What is the purpose of pump ?

)

2021-05-16

-

Pump Basics - Eng. Haytham Bakour

o

l 3] )
e?z‘)A . IS .

High pressure area
/




-

-

-
o T o @ ! . ~ 'l"! .

Low pressure area

~

¢ Glaiadl aladinl e dgladl oo L -
- What is the purpose of pump ?

/

-

-

~ ~ v I
&~ S L2 'S 'S ~ L] ‘ s L a4 s
o ) -

Low geographical area

~

J

2021-05-16

inas ]

OO0

-

| 3] )
G?SJA . IS .

High pressure area
)

-
-

Pump Basics - Eng. Haytham Bakour

\_

\
G o 2 s At

High geographical area

)




- What is the purpose of pump ?

/
"l « o e 2\,35\ .. ~'~~l.

Low geographical area

~

¢ Glaiadl aladinl e dgladl oo L -

-

Low pressure area

- )

2021-05-16

)
N

W ; =
gEEER e rm
|‘ H‘ “T .uh-Hda- 'lm‘

Pumpl

Pump Basics - Eng. Haytham Bakour

a . )
@Z:\f l . . ! I .

High pressure area
\_ )
e )
M‘)A :\:\é\ . . - ..I .
High geographical area
o )




2021-05-16 Pump Basics - Eng. Haytham Bakour



( Outlet )

iy ) Aa g8 .
jL Aiaal) s
330 g ) ( Casing )
( Impeller)
saall aila
( Bearing )
\"“"“-wu_
Jodall 4a g8
(Inlet) |
]
sl dnila

(Shaftseal) =—

2021-05-16 Pump Basics - Eng. Haytham Bakour

253ll
( Shaft)



( Outlet)
iy wail) 42 g8 -

43) g 4l
( Impeller)
J}&A.“ Ailica

( Bearing ) L saal

( Shaft)

Jsill da gb ol ___ b

(Inlet)

] ( Shaft seal )

2021-05-16 Pump Basics - Eng. Haytham Bakour

Outlet Impeller Impeller Inlet
blade



2021-05-16

Pump Basics - Eng. Haytham Bakour

10



4 S yall 32 HUal) ldcaall iyt s

Classitications of centrifugal pumps
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Horizontal single-stage

Vertical single-stage




Vertical
multistage in-line pump

Horizontal multistage
end-suction pump
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Immersible pump

LSCVE DY A aq Submersible pump
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Advantages of centrifugal pumps

OB WN B

1) The pump has a relatively simple shape.

) Low cost.

) Its reliability is high.

) Minor faults and does not require much maintenance.
) Multiple possibilities and uses.
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Second section
Pump Power Equations
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The sequence of power transmission for electric pumps

P2 P1
4SS0 dLL Al S Al
Mechanical Electrical

power power

Ph
3\:*5.-.\33)3.-.% dalk

Hydraulic power
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The sequence of power transmission for electric pumps

sla dgas jia [ il
Ao ludy usa fia [ (38
[Kw]

RS shaa
[Kw]

P2 P1
4SS0 28 6l S Al
Mechanical Electrical

power power

Ph

Sl 5y 4dlh
Hydraulic power

Al 5 dpadilits e lui
(daall 393 ,4)

Motor efficiency
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The sequence of power transmission for electric pumps

sla dges sia [ BEL&

. . RS Jaa
[Kw]
P P2 P1
. i 4SS0 48l 40l S 4l
Al gy 43 : :
y d }JI'" Mechanical Electrical
raulic power
Y P power power
Al 5 4l g clelua Al 5 dpunhiliig Cilelua
(Adzaall 3930 ) (doaall 353 50)
Pump efficiency Motor efficiency
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Hydroulic Power of pump: (Addaal) gila ) ; ddaa) e Aol L8t ugl) doUaiay) -

thHtotXQSprg [W]

Ph : Hydraulic power of pump [w] Adiaall e Aadlll 480 5 Haell delaiul) : Ph

Htot : Total dynamic head. csle dgee i [m H20 | el Jlaayl laelal) @ Htot

o : Liquid density of water. p =998 [kg/m?] [ kg/m?3 ] oluall dpe 5il) ALK -

g : Gravitational constant. g =9.81 [m/s?] [m/s?] Asa ¥ dAndall culi - g

Qs : Flowrate [m¥/sec]. . [m¥sec] oLl (3835448 : QS
Qs = o=

Q : Flowrate [m3hr]. . [m¥hr] ol 3031448 : Q
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Power of pump: (P2) s ddiaal) deUaind -

I)p

P2 =

~ HeotXQsXpXg

__Ph __Ph
P2 - np

(Aamall Jal delaiu) ) damdl ) sae o i sl dellinl : P2

mm) P

) Miajaﬁ;rlp

P2 =

Npamp \

Htot X Q X 998 X 9.81
1000 X 3600 X I]P
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1 Sl G glaly aal Ll g LSIL ddiaal) dcUainl -1

Htot X Q

102 X 3.6 X 7pump
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[ Kw] daadl ) eas o iy lhaall otiu¥l « P2

. [m3/hr] oLl 8dxi 4 : Q

. Adiaall 24 ya: hpump
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1 ) o il daad o)A Glaally diiad) delaiul -2

Htot X Q

[HP]

75 X36 X 7)pump

. [m3/hr] olwll 883 40 : Q

. Adiaall 290 ya hpump
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: Adaall b <)) & ) de i Glaa -

P2
Nv == =) P]=_—2
P1 Ilmotor
B Htot X Q
Pl_lﬂZXB.ﬁXI]PXI]M [Kw]

LSl & paall 350 30 o MM

((oaall il dellainl ) daiaall @ e Al <)) delainyl a0 P1

- oidlal) ) e Adcaall o jadd Al oSl AeUainY) Caual LS

AC single-phase motor, e.g. 1 x 230V
P, =U"l"cosop

AC three-phase motor, e.g. 3 x 400V

P =V3-U-I" coso
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- Total efficiency for electric pump
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p Al sl Adlaall A 38 el -

T]T =1, - TMu
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- Pump power calculation file: ; Glidal) deUaind b gali o -

Bl gall g daall delaiu! eSpg i ol
T Lgplas @3 LI B ol JU3A0 gl Sauoeal SN a8 J5-o) o
Htot : Head (m H20) 40.00 | m H20 Sads JB3! / dde maall o3 (530 allasl) (BIY Laglall
Q ( Flow -m3/hr) 125.00 . m3/hr Gads JBo) f ddcaall Jadll gduaslt
Efficiency of pump 75% % S JB-o) [ d3ciaal! B:l3S
Efficiency of pumpmotor 90% % Sade JB! [ dcaall 2 ioen BelaS
Q ( VLOW -m3/day ) 2500 m?/day Slagi ol / ddnall Jadll Gauz
P ( POWER OF PUMP)(KW) 18.16 KW Solagi Gl [ dsnall jyn o digllaall LS8 delato)!
P ( POWER OF PUMP)(HP) 24.35 HP Solagl Gl / Ecaal jgn e glbaalt &S08al dothid!
P ( POWER OF MOTOR)( HP) 27.43 HP Silagh ol £ JlyeSI Hyorall dellatue)
P ( POWER OF MOTOR)( KW) 20.17 KW Sl Gl JyeSI 2y 5eall dellatal
Power of generator 50.43 l KVA Sl Cdigan of uilyigial EMEY 08 Jl>- (§ digllaall algill e gaznn dclintu
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Third section

Pump Performance
Curves
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Pump Performance Curves
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H, P2, npump and NPSHr according to Q.



1- H,Q Curve 38l 2o e lial) d3le  ata -]

H max _\
@

P.=p*g*H*Q
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2- Power, Q Curve .38l ae Adiadl) dellain) 48D At D
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3- Efficiency, Q Curve
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Company name:

w Created by:
Phone:
GRUNDFOS »\
Date: 32019
13B63609 1505200-9 60 Hz
H I1='DH'-“!]H. INED W, E0Hz e
[ml Ml
Q= 30 T
H = 116 m
Es = 18475 Wihipal
n = 3505 rpm
Pumped Bguld = \Waler
Ligrald temmperaiure during operadon = 55 “F
Densiy = 6229 bim*
1504
1404
1204
ple sk pl=
f==F =l
404 |- 40
04 |- 20
E¥ pump = 733 %
o E*™ pump+mr = 61_3 9 o
[ 5 10 15 0 =5 0 3= &0 &35 & [
= MPEH
HF] Im]
54 =
P1i
04 = 20
GE
154 15
10 pl=]
EL =l
1= 1543 W0
FZ =173 HP
HPEH = 521 m
=] =]

Prinfed fom Grunates Froduct Senfer [2078.07.0007
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Method for testing pumps and drawing
performance curves for pumps
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{5€1.85 150 80.4 524 < EX 51D. 504}
Pumoed \qud = Any Nawioran qud

Densty = 038 2 kg
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6 kW
400V
50 hz
\OO OO
S

[un 45150 80.4 521 4 EX 51D, 604

Pumoed iqud = Any Nawioran qud
Densty = 958 2 g

20 60 0 80 G
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{S€1.85 150 80.4 524 4 EX 51D. 504}

Pumoed iqud = Any Newioran loud.
Densty = 998 2 iy

e
i~

Pump Basics - Eng. Haytham Bakour

55



o [3€1.85.150 904 521 H EX 510, 50+¢] ota
- Pumoed \qud = Any Nawioran qud ™
Densty = 998 2 iy
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o [3€1.85.150 904 521 H EX 510, 50+¢] ota
Pumoed \qud = Any Nawioran qud
Densty = 998 2 iy

i~

g 8388
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1381.92.150.90.4.52HH X §10. 50
Pumoed lqua = Any Newtonsn iqud
Densty = 958 2 ig/m*
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Connect the pumps in series




le Qz Qmax Q

Two equal sized pumps connected in series
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Pump system

(a)

Flow Rate - g v, enginer
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40
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Connect the pumps on parallel
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Two pumps connected in parallel with similar
performance curves

Pump Basics - Eng. Haytham Bakour

64



EGL
1he

two pumps in parallel

H - PE2H

2Q —>C

.
o
()

single pump

system cury
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Flow Rate - g

wywwy engineringtoolbox.com
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Performance curves for pumps
at different rotational speeds
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Coherent

n =100% points
\ /\Afflnlty

parabola
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Energy efficiency by Speed control

* Affinity law

2021-05-16

Power curve

Q,
Speed vs Flow
2
H1
Speed vs Head ——
Hz
P

1

Speed vs Power
2
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N

If we reduce the speed by 1/2
Its directly proportional to flow
So the flow reduces by 1/2

If we reduce the speed by 1/2
Head is proportional to 2 x 2
So the head reduces by 1/4

If we reduce the speed by 1/2
The power is prop.to A x 2 x ¥

68
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x=1'(1'ﬂn) (

n 0.1
n

n )
X
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Forth section
TDH Calculation

2ol 1) andl
AA all uJSJ\ BRI u\.u;




max

Coperation | D o

Hloss,fri ktion
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|
Qt:»p»'er.a\tiq::r"l Q
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-Pipe diameter sizing: / :cabiall o sulyl a8 (il -

1- QS:A.V ) A:T ~A=?
D? 4-A
2- A= m.— m) D= |— m) D=7
4 N7
Qs : Flowrate [m3/sec]. . [m¥/sec] oLl (3831 40 : QS
A: Pipe area. [m?] oY) adate dalia 1 A
D: Pipe diameter. [m] Gyl plad D
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- Calculation of Total Dynamic Head TDH ( Htot):

 Hivoy: Shalell, 0 BELAD Gl <
Htot = hs + hf + hm

htot: Total dynamic head (TDH). - sl 2sae yie [ m ] 4auaall JSI Lelall : Hiot
ns: Static head: | (il siall) (Sl 15 Y1 3b ¢ s
nf: Head loses in pipe.

hm: Minor head loses. A shall IV Gleluia : hf

el IS Y) clelus t hm
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- Total Static Head ( hs): LS (S aal ) (Sl Pl Y 5 2 -

O AN olaall e (o gasia 5 4ie olaall g s (531 AN e slall prdans o sl £,V G s
. ( Total static head ) 4d) sluall Fuia 24 (52l

Static
Totl M
i =
| hont sute
suction lift
T | |
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- Friction Losses in pipe ( hf) :
Oana A e daslll cileluall o g duhal) Sy clelus -
+ b LS 3all g ¢ Ae (e a5 JEA) o]

~10.71xLxQs1:8°2

hf — —————————  [mH20]

C1.852, p4.87

L: length of pipe [m]. Im] s Jsha L
C: Hazen-Williams roughness constant. - <s8¥) see 5 ¥l g g laiy 58 5 alilys ¢y 5la <l C
D: Inside pipe diameter. m] < Jdalall il : p
Qs : Water flowrate [m¥sec] [m3/sec] oadl (355 4ed - Qs
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material of pipe - qs¥) 33k

el 0l
Hazen-Williams roughness constant

Plastic 130 - 150
Polyethylene, PE, PEH 140
Polyvinyl chloride, PVC, CPVC 150
Smooth Pipes 140
Steel new unlined 140 - 150
Steel, corrugated 60
Steel, welded and seamless 100
Steel, interior riveted, no projecting rivets 110
Steel, projecting girth and horizontal rivets 100
Steel, vitrified, spiral-riveted 90 - 110
Steel, welded and seamless 100
Tin 130
Vitrified Clay 110
Wrought iron, plain 100
Wooden or Masonry Pipe - Smooth 120
Wood Stave 110 - 120

Pump Basics - Eng. Haytham Bakour
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- Calculation of Minor Losses ( hm):

s cbalill 5ol SV 5 Sl s ClelaallS 30l el e

M@\%M\wmu.hj

K: Friction loses constant. Axilal) 48 i) e axy <l s K

2021-05-16 Pump Basics - Eng. Haytham Bakour
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VALVES AND FITTINGS LOSSES IN EQUIVALENT meter OF PIPE
el sy Jsb ) Lilal oy 5 gV (e (A8 JshaS Jglaall (e (aad

:zem';i Globe | 60°Y | 452-y | Angle | Gate ‘:’:“;;:i Y- 90° | 45° FT|E ::
(in) Valve | Valve | Valve | Valve Valve Valve Stramer | Elbow | Elbow Branch
1/2 5.5 2.7 2.1 2.1 0.2 1.8 0.9 0.5 0.2 0.9
3/4 6.7 3.4 2.7 2.7 0.3 2.4 1.2 0.6 0.3 1.2

1 8.8 4.6 3.7 3.7 0.3 3.0 1.5 0.8 0.4 1.5
11/4 11.6 6.1 4.6 4.6 0.5 4.3 2.7 1.0 0.5 2.1
11/2 13.1 7.3 3.5 5.5 0.5 4.9 3.0 1.2 0.6 2.4

2 16.8 9.1 7.3 7.3 0.7 6.1 8.2 1.5 0.8 3.0
21/2 21.0 10.7 8.8 8.8 0.8 7.6 8.5 1.8 1.0 3.7

3 256 131 10.7 10.7 1.0 9.1 12.8 2.3 1.2 4.6
31/2 30.5 15.2 12.5 12.5 1.2 10.7 14.6 2.7 1.4 5.5

4 36.6 17.7 14.3 14.3 1.4 12.2 18.3 3.0 1.6 6.4

5 42.7 21.6 17.7 17.7 1.8 15.2 24.4 4.0 2.0 7.6

6 518 26.8 21.3 21.3 2.1 18.3 335 4.9 2.4 9.1

8 67.1 351 25.9 25.9 2.7 24.4 45.7 6.1 3.0 12.2

10 85.3 442 32.0 32.0 3.7 30.5 57.9 7.6 4.0 15.2

12 97.5 50.3 39.6 39.6 4.0 36.6 76.2 9.1 4.9 18.3

14 109.7 56.4 47.2 47.2 4.6 41.1 10.4 5.5 20.7

16 125.0 64.0 54.9 54.9 5.2 45.7 11.6 6.1 23.8

18 140.2 73.2 61.0 61.0 5.8 50.3 12.8 7.0 259

20 158.5 33.8 71.6 71.6 6.7 61.0 15.2 7.9 30.5

24 185.9 97.5 20.8 80.8 7.6 73.2 18.3 9.1 351
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Equivalent Length of Straight Pipe for Valves and Fittings (m)

- Fipe Size
Screwed Fittings U4 | 38 | 12 | 34 | 1 |[144]112] 2 [212] 3 | 4

Regular 90 deg 0.7 0.9 1.1 1.3 1.6 2.0 2.3 2.6 2.8 3.4 4.0
Elbows Longradius 90 deg | O5 | 06 | O7 | O.7 | O8 | 10 [ 10 | 1.1 | 11 1.2 | 14
Regular 45 deg 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8 1.0 1.2 1.7
Tees Line flow 0.2 0.4 0.5 0.7 1.0 1.4 1.7 2.3 2.8 3.7 5.2
Branch flow 07 |11 |13 (16 | 20 | 27 | 30 | 3.7 | 40 | 52 | 64
Return Bends | Regular 180 deg 0.7 0.9 1.1 1.3 1.6 2.0 2.3 2.6 2.8 3.4 4.0
Globe 6.4 g.7 6.7 7.3 88 1113 (128 | 165|189 | 241 | 336
Vales Gate 01101 |02 (|02 (03|03 |04 | 05|05 )| 06| 08
Angle 3.9 4.6 4.6 4.6 2.2 2.5 2.9 9.9 2.5 2.9 2.5
Swing Check 22 | 22 | 24 | 27 | 34 | 40 | 46 | 58 | 6.7 | 82 | 116
Strainer 14 |15 | 20| 23 | 65 (61 | 82 | 88 | 104|128
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wliall UgiVl Jad Ol
Pipe diameter sizing

S J153 [ (Aoludl (axSo s ) Qg crasd 331

3h 60.0000
m’/hr Water florate inside pipe /Input
ol f dupgyaall oLyl ds
m/sec So JEa1 [ dpgshall Oyl Ao 1.0000 | qum—
Water velocity / Input
Sl Wlua [ ( ASEIL LaSe s ) @
m?/sec Gl Dlua [ (4500 aSs fo )38 0.0167
Water florate inside pipe / Auto
Slogil Ol A dall d>Luce
2 SOl Ol [ ( 2030 fo ) alaial 0.0167
Pipe area / Auto
Slagil Olue /(A I lad LAl
o Solegl Dlus [ [ As ) gl Jlabd Casal 0.0729
Pipe radius / Auto
Slagsl Ol [ Wluadl g0y ylad
Inch Gelagil Dl [ DLl 05031l 5.7366 | ¢
Pipe diameter / Auto
3Lagil Liluws E’Ln.n.l'l Cﬂn.nJ' | Y1 Lad
Inch Sl _” ) ) gl s 6.0000 | dmm—
Actual pipe diameter / Auto
3lagsl il A all W1 Jad Casal
o Solegl Dlus [ As ) Jrdll Lgodl lad Casas 0.0762
Actual pipe radius / Auto
2 g’._&u_,:’ium;{ o0 o) dadd aladall d>lus 0.0182
Actual pipe area / Auto '
Slagsl Ol [ Ug pass dudaall 9Lyl ds
m/sec Gl Dl [ 295 el 0yl Ao 0.9141

Actual water velocity / Auto

ol Al JLy> A e dadd JUs-ol e
A5G A 1.5 5 0.5 o8 LYl pass AUl de nd) ol
Ideal value must be between 0.5 &1.5 [m/sec]

Blawdl @ Bydgio pk gudl yhad dad CIE Jl> (o
sl yladll e Jgaamel) ds pdl dasd odal o

Cao¥l ylad dad Cuyd e slaredl dad)l 0dh Ol ok
U Aoyt 0 Jis-al oS LS = oluaelly

Pipe Diameter Calc

Losses in Pipes Minor Losses Duty Point

W7 Lgoluus ied LS 3L Lol JES 01 & glb Bauoeall LIS T JIsol ety

Pump Sizing

MNPSHa Calc Cable Sizing Units Converter | & .. (¥

2021-05-16

Pump Basics - Eng. Haytham Bakour

82



Hazen-Williams Equation for Pressure Loss in Pipes

Desgined By Eng. Haytham Bakour

Ll Ll 2 LA AL L.ai:.l__,.il.'is sl :_1 P iau.d B ES] 'a.“na Juhal Al gl S ke s ] ) 1 a3
) Ty 5 sl it b el § A Bt s i ¢ e S0 o
S Units Material Hazen-
Specified Data material of p|pe
| = length of pipe (m) 1400 G5 Jaal [ ( el ba ) sl Jsh ABS - Acrylonite |
¢ = Hazen-Williams roughness constant 120 o JUAa) J( Boslaall Jaland) cra 2 ) Jalaliy ¢ ula Cull Spe— Aluminui
q = volume flow (m#hr) 60 o JAa) [ ( Asladl cata i ) sl s sl g Asbestos Ce
q = volume flow (liter/sec) 16.6666667 Asphalt Lir
dh = inside or hydraulic diameter (inches) 6 $ak Jaal f ( Al ) | Al jhall Brass
dh = inside or hydraulic diameter (mm) 152.4 Brick sew
Cast-Iron - new ur
Calculated Pressure Loss Cast-lron 10 Y€
f = friction head loss in mm of water per 100 m of pipe (mm H20 per 100 m pipe) 14347 Cast-lron 20 Y€
f = friction head loss in mm of water per 100 m of pipe (m H20 per 100 m pipe) 0.74 Cpil (e jie 100 J80 sla 398 jia ;S clelua Cast-lron 30 Y€
f = friction head loss in kPa per 100 m of pipe (kPa per 100 m pipe) 7.29 Cast-lron 40 }"E
Head loss (mm H20) 10408 58 Cast-lron, asphz
Head loss (kPa) 102.11 Cast-Iron, cem:
Head loss (m H20) 1041 slo g jia : Jaall A<l AiaY) e lun Cast-lron, bitumil
Cast-lron. sea.
Calculated Flow Velocity Cast-lron, Wrou .
« » .| PipeDiameter Calc | Lossesin Pipes | MinorLosses | DutyPoint | Pump Sizing | NPSHa Calc | Cable Sizing | Units Converter | & .. (&) 1 3
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(ol pus plaso - 3 - £95 - sSuw 1

gl § dastdl oleluall ) ol SN wlelup

G lnall (& Wgrgal § DG Cals s Cilud 34 gkl

SEE=Y clels dxd o Goalasdl § o 3 AJGI Jglaad) (e gt B ploall 1350010 Jaball lysul o

Friction Loss in PVC Fittings = EQUIVALENT meter OF STRAIGHT PIPE

—

CONDENSED HYDRAULIC DATA

WATER DATA

Friction losses in pipe fAttings

PVC Pipe Size the msistance of @ B-inch lard Ehhou
B sqguivalent to approadmately 18 feasl
Type /2 3/a 1 1174 L1/ 2" z1/2 EX a" of B-inen Slandard Pipe
90° elbow 0.4572 0.5086 0.6258 1.2192 12182 | 18288 | 2.4384 | 24334 | 36576 - Note For sukden eniargements o sudden
45° elbow 0.2286 03048 | 042672 0.5334 0.5096 0762 | 05124 | 12132 1.524 Ll_..’j TS e it e A S
insert coupling 01524 | 02286 0.3048 0.381 04572 | 06096 | 09123 | ps1s2 | 1213 IR Ol N 3000
Ul
gate valve 009144 | 012182 | 012288 | 0.24384 | 03042 | 04572 | 048768 | 0.6096 | 0.9144 14 Closed 2000
male/female adapte  0.3048 0.4572 0.6098 0.8382 10668 | 13716 | 1.6764 | 15812 | 28956 / - -
iy Y
tee-flow [run) 03048 | 042672 | 0.51816 | 070104 | 0.82296 | 1.31064 | 155448 | 152024 | 2.52384 i oo
\ = —
tee-flow [branch) 1.2182 1.524 1.8288 21338 24384 | 36576 | 4572 48768 | 6.7056 F —
- $00
Angle Valve, Open Standard Tow - 3 —
Friction Loss in PVC Fittings = EQUIVALENT meter OF STRAIGHT PIFE e Bl I ~—J= 300 o =30
YALVES AND FITTINGS LOSSES IN EQUIVALENT meter OF PIPE = - u o 24—
Sgquare Flbhow 2
1 o—f 1o
Glob Angl Gat Swing a5® Flow- ﬁwal::zm-l:-;.l . 2 s “_"_‘:
o L2 -
. : O9% |60y valve 458y valve nee e Check |Y-Btrainer| 90° Elbow Thru Fully Open R g S . E g
Mominal Pipe Valve Valve Valve Elbow ol | 12—
s Valve Branch — / ,E
Size {in) 1 - ¥’ L 20 0 10
) el o} 3 X5
Choss Merurn Rend '! vy = Enlcraitent _1'-1' .!_ [ - - =
12 5.5 27 21 21 02 18 09 05 02 09 T —aa - !
3/4 6.7 3.4 2.7 2.7 0.3 2.4 1.2 0.6 0.3 12 Etul F—%YD-M E $—1—»
Seamdard Tew vy — .i
1 B.B 46 3.7 3.7 0.3 3.0 15 0.8 0.4 1.5 Through Side Ouila =l -3 % 4 — 2
11/4 116 6.1 45 46 0.5 43 27 10 0.5 2.1 o | T' ; z . | }-"” o
Oedina - -1
11/2 13.1 73 55 55 05 29 30 12 06 24 %H- ! “{- r— 7
2 16.8 9.1 7.3 7.3 0.7 6.1 B.2 15 0.8 3.0 Standsrd Elbow oo jun of | _ % :
21/2 210 107 28 B8 0.9 76 25 18 10 37 et o i *
3 256 13.1 0.7 107 10 9.1 128 23 12 4.6 Egﬂ' @' \ u :}'ﬂ':‘; - --,i”‘-‘_
31/2 30.5 15.2 12.5 125 12 107 14.6 27 14 5.5 Mindiom Bersey Biwrr o2 dfn= 4 0.5
4 36.6 177 14.3 143 14 122 18.3 3.0 16 6.4 wum of Son reduest 14 . e ' -
5 427 216 17.7 177 18 15.2 244 40 2.0 76 : —, é’ . .3 1
6 51.8 26.8 21.3 213 2.1 18.3 33.5 49 24 2.1 \- n L J— _
B 67.1 35.1 25.9 25.9 2.7 244 45.7 6.1 3.0 12.2 Long Sweep Elbow of - o "
run of Standard Ter o
10 B5.3 442 32.0 32.0 3.7 30.5 57.9 1.6 4.0 15.2 sxDs2
3 . | Pipe Diameter Calc Losses in Pipes Minor Losses Duty Point | Pump Sizing | MPSHa Calc | Cable Sizing | Units Converter | a ... {{-} 1 »
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50 gJl 5 Akyall deliaiud Ll e
Htot : HEAD (m H20) 41.4 m H20 o J150 / dgle gl qiy ) allaall SO Jadall
Q ( VLOW -m3/hr ) 60.0 m3/hr Sade JBal [/ ddcaall Jadll 3ol
Efficiency of pump 0.7 % Sk JI5-3) [ dcsaall BolaS
Efficiency of pumpmotor 0.9 % S JB-3) / dcnaall Hyea BeliS
Q (VLOW -m3/day ) 1200 m?/day Slogil Cluas / dsenall Jadll 330l
P (POWER OF PUMP)(KW) 9.68 Kw Silogil Ol [ Eemall jgn S Dglball LS580a)! dolaiad)
P (POWER OF PUMP)(KW) 12.97 HP Solagi Ol [ Buaall jao e Dglhal! L8080 dellata
P (POWER OF MOTOR)( HP) 14.62 HP Silogl Gl / GlyaSI 2ol dollat
P ( POWER OF MOTOR){ KW) 10.75 KW Slgt Cluc 1 JlyeSI 2yomall detiatul
Power of generator 26.88 KVA Hiaw Cadgaw g uib3g3el £IEY 0 Ul Dgllaalt Al gil) e gazn deliatu
Desgined By Eng. Haytham Bakour
3994) (po U gl de gazro INgIw! Oluw
Actual Power of generator 13.98 KVA Sods JBo! [ il dogancal dadll dolai
Fuel consumption per Kwh 0.22 Liter/Kwh Sob JB3) / (fl blg gl S adgill degaen SMlgiu!

*» ... | Pipe Diameter Calc Losses in Pipes Minor Losses Pump Sizing Duty Point MPSHa Calc Cable Sizing Units Converter d ... +
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Fifth section

System curve and finding
duty point




System curve: It is the relation between the total dynamic head required

to operate pumping system and the flow value of that system.
133 (3B Aad (9 Cma foda aUB Jndidl qogthaall IS T Lal) ( ABMad) ga 1 ALY ada
aUal
& yana o) ALY oliall b1 jaall £l Y1 58 o calaall Jascall A 3Y Boane Fad (all e JSI Ll ()5S UL
LAY cilelua

Htot = hs + hf + hm

htot: Total dynamic head . sk 25 Jjis [m] sl Kl Lelall : Htot
(TDH). (s rall) Slind) £l Y1 G ¢ hs
ns: Static head.

nf: Head loses in pipe.
'm: Minor head loses. CAaad) dlaay) el 1 hm
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System curve: It is the relation between the total dynamic head required
to operate pumping system and the flow value of that system.
13 (841 dad (g Cma frd allAS il o glhal) ST S Ual) cpa ABMad) ga 1 AL Aada
Uasly
.
& sana ol ALY sbaall L aall gl ;Y1 G e calicll Jaieall 2a 3Y 8200 e (8 e JSI Ll 55 L
Sl Alelua

Htot = hs + hf + hm — Htot = hs + F(Q )

htot: Total dynamic head . sk 25 Jjis [m] sl Kl Lelall : Htot
(TDH). (s rall) Slind) £l Y1 G ¢ hs
ns: Static head.

nf: Head loses in pipe.
'm: Minor head loses. CAaad) dlaay) el 1 hm
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System curve

Htot = hs + F(Q )

&

vy ﬁ
5@. ||FE$H]3<§ |
! = l. !
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Q 75 62.5 50 37.5 25 12.5 0 m*fhr 384l dad
H 26.5 31 35 38.5 41 43 45.2 m H2o ddepall hils
hs 20.0 20.0 20.0 20.0 20.0 20.0 20.0 m H2o Al ot sl all
hf 18.5 13.2 8.8 5.1 2.4 0.7 0.0 m H2o A ghall AN Silolei
hm 13.0 9.3 6.1 3.6 1.7 0.5 0.0 m H2o S gall Silsloill
Htot 51.5 | 425 | 349 | 287 | 241 | 211 | 200 m H2o0 S Sualip ! Jalall
Pump and System Curve - Uil daia gddiaall dsda
50
System Curve
45
40
H
35
[}
T 30 b
= hf
T
Htot
20 » @ * > o}
15
10
5
0
5 10 15 20 30 35 40 45 50 55 60 65 70 75 80
Q m¥hr
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Q 75 62.5 50 37.5 25 12.5 0 m3/hr B3l dad
H 26.5 31 35 38.5 41 43 45.2 m H2o ddepall ails
hs 20.0 20.0 20.0 20.0 20.0 20.0 20.0 m H2o Al S50 ilall
hf 18.5 13.2 2.8 5.1 2.4 0.7 0.0 m H2o 4 ghall IEE>Y Sl lop
hm 13.0 9.3 6.1 3.6 1.7 0.5 0.0 m H2o duaigall Sileloall
Htot 515 | 425 | 349 | 28.7 | 241 | 211 | 200 m H20 S Femlioall Jablall
Pump and System Curve - alhill ials g Adiaall sl
50
System Curve
45 o-_._____‘___‘ Pump Curve
40
—a—H
* \\\
E —a— hs
30
E \ hf
-+ 25
Htot
20 o # o 1 * -l
15
htot = 35 [m]
10 (TDH)
5
0 \ 4
0 5 10 15 20 25 30 35 40 45 50 5 60 65 F0O 75 80
Q m/hr
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Q 75 62.5 50 37.5 25 12.5 0 m3/hr B3l dad
H 26.5 31 35 38.5 41 43 45.2 m H2o ddepall ails
hs 20.0 20.0 20.0 20.0 20.0 20.0 20.0 m H2o Al S50 ilall
hf 18.5 13.2 8.8 5.1 2.4 0.7 0.0 m H2o L glall 2185 ol Lt
hm 13.0 9.3 6.1 3.6 1.7 0.5 0.0 m H2o duaigall Sileloall
Htot 515 | 425 | 349 | 28.7 | 241 | 211 | 200 m H20 S Femlioall Jablall
Pump and System Curve - alhill ials g Adiaall sl
50
System Curve
45 o-_._____‘__-‘ Pump Curve
40
—a—H
* \\\
E —a— hs
30
E y \ hf
25 hf
Htot
20 ¥ * ° & . . o
A
15
10 hS
5
ﬂ v
0 5 10 15 20 25 30 35 40 45 50 55 60 65 7O 75 80D
Q m/hr
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Q 75 62.5 50 37.5 25 12.5 0 m3/hr B3l dad
H 26.5 31 35 38.5 41 43 45.2 m H2o ddepall ails
hs 20.0 20.0 20.0 20.0 20.0 20.0 20.0 m H2o Al Sl kailall
hf 18.5 13.2 8.8 5.1 2.4 0.7 0.0 m H2o L glall 2185 ol Lt
hm 13.0 9.3 6.1 3.6 1.7 0.5 0.0 m H2o duaigall Sileloall
Htot 515 | 425 | 349 | 28.7 | 241 | 211 | 200 m H20 S Femlioall Jablall
Pump and System Curve - alhill ials g Adiaall sl
50
System Curve
45 o-_._____‘__-‘ Pump Curve
40
—a—H
1 -
Q
ol —a—hs
L 30
E A \\‘
T hf
25 hf =8.8 [m]
Htot
20 @ & v & o °
A
15
10 —
hs =20 [m]
5
ﬂ v
0 5 10 15 20 30 35 40 45 50 55 60 65 7FO 75 8D
Q m/hr
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Sixth section

Finding duty point
example




P (A -

Jazll ddagh alay) ¢ duuliadl damal) aAlaa) @ glhaa -
- aiul) Al Sl
Celedgee sia 116 1 KN heliall o
CAclall aeSa 536 30 7 dadll e

e 100 : (Sl ) G rall gl G

Example:

- Find the suitable pump for the following data:
TDH (Htot) = 116 [m H20].
Static head = 100 [m H20].
Flowrate = 30 [m3/h]
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250

200

150

100

50

Basma Yiksekligi / Head ft
Kademe Sayms: Motor HP 900 —
Stages
m—
s T
e ™
s =
17— \ e~
_\15\
_\14\\1?5\\
\13-\\ = 5005
-
‘1\.\15\
10 \125\\ -
09—t 125~—_ \ \&
o TR \ 300
07‘-\‘0\\\
m\.\
05 —t——
7-5\\ 200 —
= re———y4 \\& \§
T ey SN
. e e S X
o1 15 %%
0 Debi / Capacity 10 : 20 30 m’h
% Verim / Efficiency
80
—-’-—_-——-__\
: / e
40
20
10 20 30 40 m’h
HP Giig / Power (Tek kademe / One stage) kW
120 0.90
n— 075
080 T | 0,60 —
_--‘-’-"'—‘ !
0.40 2[0 ﬂll 610 ? ‘l(ll) I'Z) 140 1?) 1%0 3110 LSggm_
i 2 3 4 5 6 7 8 9 10 11 12 B s |
0 10 20 30 40 m'h

Firmame teknolojik gefigmeler nedeniyle degigiklik hakkini sakh tutar

Mvie 1o contionvous improvement in desion we resernve the
e (0 comlinuous Nmprovementin GESIGN WE rESeVe the 1

gt to amend specifications

& 2 withe 1t nrior notice
ONS OF gaia wiliioul paor notice
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150
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100
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Basma Yaksekdigi / Head ft
Kademe Sayis: Motor HP 900 —
Stages
200 -
e
\19:\
\18\\\5\ 700 —
;-\”\ \:V
I i | M s W 600 -
\’5"\3)\
\14\§‘7‘5\
\13‘ 175 \ 500 =
'\,2~\‘5\ \
‘11-\15\
== .'t—.\ﬂ!\ \\\ s
T
O BT Bt A\ il
s = S \
el I B ) 7 x|
- = = et § =
8.8 =——]
03 4 § 100 —
0 3 \
—
0 Debi/ Capacty |10 e 70 3 —far— mn
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m| Basma Yaksekigi / Head ft
Kademe Sayisi Motor HP 900
Stages
250
m—
\20
\ -~
\::\sz 700
200 \”:\\z»§
I I o
o s = Xy 600
\15\\2\
-\
14\.\175\\
150 ———13 Q”’ L= N 500 =
-
11— 15 \
116 | fU—-Qm\\ \\ 400 -
; e
o] 125 \ L
07‘,\10\\
‘0\\
06"
7.5\\\ P
50 e \\\ R
0 2 R - N N \\.\
o TR
4 g \\
o1 15 = L=t
0| 0 Debi/ Capacity 10 : 20 | 510) m’/h
% Verim / Efficiency
80
""-——_——-—\‘
60 / e ———
40
20
10 20 30 40 m’h
HP Giig / Power (Tek kademe / One stage) kW
120 0.90 |
| 075
og0, | | 0 o<
. 20 © 80 & 12 120 140 180 180 20y gom |
i 2 3 H 5 8 7 3 3 10 1 12 B Us |Z
0 10 20 30 40 mh |
D O AT e o s i s At
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m| Basma Yiksekiigi / He:ad ft

Kademe Says1 Motor HP 900 —
Stages
250
m_
=
\:2\§5 700 -
200 ‘\\"\\\z\\
[ 1616 = 600
_\15\\2\
““\: 175\§
150 \13'= 175§ \ 500 -
12— 15 \
11~§15\ \ 400
116 == e \
| L e \ 300
07*-\10\\
ﬂ)\\
05—
7.5\\ \ ™
50 05—-\7'5 \\ \ \§
g ] \\
03 "NQ \§ 100
02 3 \§
- — 01 15 e
(|0 Debi/ Capacity 10 20 | 510) m’/h
% Verim / Efficiency
80 >
| ————176% [ |
40
20
10 20 30 40 m’/h
HP Giig / Power (Tek / One stage) kW
120 0.85*16=13.6 Kw 0,90 —
| 0.75 —
l‘_“’_____,.-——/ 080 o =
s 20 b 80 ® 1% 120 140 180 180 20 15 gom |
1 2 3 H 5 8 7 8 3 10 11 12 13 Vs |
0 10 20 30 40 mh |2

Firmame teknolojik geligmeler nedeniylg dedigikiik hakkint sakh tutar.

e [0 continuous wmprovement in design we resernve the ngit (o amend specifications or data without pnor notic
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Pompa Tipi sl;a;(llél Motor Olgiiler / Dimensions (mm) Agirhk / Weight (kg)

p

e IeeJstages| ww | we | 1 wm || om |op| Mo [Poma| Topiam
VSP SS 06030/01 1 1,1 1,5 765 401 364 95 132 10.35 6 16.35
VSP SS 06030/02 2 2.2 3 930 471 459 95 132 13.9 9 22.9
VSP SS 06030/03 3 3 4 1084 530 554 95 132 16.2 11 27.2
VSP SS 06030/04 4 4 55 1249/1298 600/649 649 95/142 132 19.8/40 13 32.8/53
VSP SS 06030/05 5 55 T 1399/1393 655/649 744 95/142 132 22.5/40 15 37.5/55
VSP SS 06030/06 6 55 75 1494/1488 655/649 839 95/142 132 22.5/40 17 39.5/57
VSP SS 06030/07 7 75 10 1729/1612 795/678 934 95/142 132 28.8/43.5 19 47.8/62.5
VSP SS 06030/08 8 7,5 10 1824/1707 795/678 1029 95/142 132 28.8/43.5 21 49.8/64.5
VSP SS 06030/09 9 9.3 12,5 1882 758 1124 142 132 50 23 73
VSP SS 06030/10 10 93 12,5 1977 758 1219 142 132 50 25 75
VSP SS 06030/11 11 93 12,5 2072 758 1314 142 132 50 27 77
VSP SS 06030/12 12 11 15 2209 800 1409 142 132 55 29 84
VSP SS 06030/13 13 11 15 2304 800 1504 142 132 55 31 86
VSP SS 06030/14 14 13 17,5 2450 851 1599 142 132 60 33 93
VSP SS 06030/15 15 13 17,5 2545 851 1694 142 132 60 36 96
VSP SS 06030/16 16 15 20 2700 911 1789 142 132 65 38 103
VSP SS 06030/17 17 15 20 2795 911 1884 142 132 65 40 105
VSP SS 06030/18 18 18,5 25 2952 973 1979 142 132 72 42 114
VSP SS 06030/19 19 18,5 25 3047 973 2074 142 132 72 44 116
VSP SS 06030/20 20 18,5 25 3142 973 2169 142 132 72 46 118
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Company name:
w Created by:
Phone:
GRUNDFOS »\
Date: SMMe2019
13B63609 1505200-9 60 Hz
o | e
[m] ]
Q= 30 T
H = 116 m
Es = 1.3475 Wihipal
n = 3505 rpm
Pumped Bguld = \Water
Liguid femperature during operadon = &5 "F
Density = 6229 bim*
150 4
1404
1204
==L 100
&0 - 20
404 |- 40
==l ==l
E¥pump = T33 %%
o B pumpemr = 1.3 % |
[+ 5 10 15 0 =5 30 35 &0 &5 @ [

P HPEH
HPF] Im]
=3 =3

P1
0 0
P2
1= 1=
pl=] pl=]
= =
F1 o 1543 W
PZ = 17.3 HP
MPEH = 521 m
=]
Printed from Grunates Sroduct Senter [2070.049 0007 s
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H 1505200-9, 3*460 V, 60Hz eta
[m] [%]
Q=30m%h

H=116 m

Es = 1.9475 Whigal

n = 3509 rpm

Pumped liquid = Water

Liquid temperature during operation = 68 °F
Density = 62 29 Ib/ft®

1604

140 4

1204
1004 L 100
80- L 80
80- \ A
404 - 40
20- L 20
Eff pump =733 %
0 Eff pump+mtr =613 %
0 5 10 15 20 25 30 35 40 45 Q [m*h]
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P NPSH

[HP] [m]
254 =25
P1
20 20
P2
154 =15
104 =10
— . -
5- -0
P1=15.44 KW
P2=17.3HP
NPSH=6.21m
0 0
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Seventh section

Cavitation in pump

4



What does cavitation mean?¢ —igsill 5 alh dad Jala

Cavitation is a very dangerous phenomenon that occurs in
pumps and water systems.

Cavitation occurs when the pressure within the pumping
system is less than or equal to the evaporation pressure of
the fluid at the operating temperature of the pump or
water system.

Meaning that, for example, at a temperature of 50 degrees
Celsius, the evaporation pressure is equal to 1.24 meters of
a column of water. When the value of the absolute
pressure drops below this value within the pump, the
water evaporates and bubbles of fluid vapor are formed.
These bubbles soon burst into the pump later (when it
increases Pressure) causing precise explosions and a very
large shock on the impeller blades and the pump body,
which leads to corrosion of the blades of the pump and
very violent vibrations within the pump, which leads to a
decrease in the rate of fluid flow through the pump and
subsequently leads to damage to the pump.

2021-05-16

Alad 8y Glaiaall 8 dhaad las o plad o jalls & (eSSl
3 (e Jil geall 4 shaie Jala Jazaall () oS Ledie CagSill
s Aaaadll Judill 55 ja da )y ie ailall Al havis s g
a0 50 o)l s Aapn de JEd) Juw (Jde 3 (s2a
Lodizd clo dgac yia 1,24 (5 b Al Jaxia 0 5S) (s bl
O Cali Le cileladl) oda ailall jlan (e cileldd o) &5 g oLl
dime (brall day Laie) ddcadl gam @AY jaan
ana 5 Al gl @l yas e Taa 5 S deda 5 A58y <l el
Sl adcadll Al @l ad JSU N s Al
35 Jame QB ) g0 Lee Al Gen Tan die

Al cali ) GaY o s dsiaall A Ll
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Cavitation is very harmful to pumps and causes the following damages:

¢ Excessive noise and vibration in the pump (damaging the bearings, seals, etc.).

¢ Corrosion and damage to impeller quickly.

¢ Increased losses within the pump, and thus a decrease in the performance
factor of the pump .

2021-05-16 Pump Basics - Eng. Haytham Bakour 112



CaeSill 5 alls e saldill Jall g Lo 13
?Q\.. S‘. .

So what is the solution to getting rid of
the cavitation within the pumps?
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Absolute pressure?
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Absolute pressure is the sum of gauge
pressure and atmospheric pressure.

The absolute pressure cannot be negative,
so the smallest absolute pressure is zero.
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Vapor pressure?
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Pressure [m H20]
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The Engineering ToolBox

wwaw. EngineeringToolBox.com

150 200
Temperature [°C]
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The Engineering ToolBox

www. EngineeringToolBox.com
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TEI'I"IPEI'EIthE Water saturation pressure

[°C] [kPa] [m H20] | [atm] | [psi]

0.01 0.61 0.06 0.006 0.088712
2 0.71 0.07 0.007 0.1024
4 0.81 0.08 0.008 0.118
10 1.23 012 0.012 017814
14 1.60 0.16 0.016 0.23192
18 2.06 0.21 0.020 0.29946
20 2.34 0.23 0.023 0.33929
25 3.7 0.32 0.031 0.45976
30 4.25 0.42 0.042 0.61598
34 5.33 0.53 0.053 0.77234
40 7.38 074 0.073 1.0711
44 9.11 0.91 0.090 1.3216
50 12.35 1.24 0122 1.7915
54 15.02 1.50 0.148 2.1788
60 19.95 1.99 0.197 2.8929
70 31.20 3.12 0.308 45253
80 47.41 4.74 0.468 6.8768
90 70.18 7.02 0.693 10.179
96 87.77 8.78 0.866 12.73
100 101.42 10.14 1.001 14.71




NPSH
Net Positive Suction Head - _baid) 2

*

Al JAde die dlall alhadl oleal) cadld) Jaria
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NPSHa  4i&al) Jiss die b giall glhall o) caad) il dagd
Net Positive Suction Head available (calculation value)

(&M\%Jﬂ\djﬂ\&&bﬂg&d\h&&ﬁlﬁw%@&)

NPSHr 4idaall Jids dic cglhal) glhall o) coad) i dad
Net Positive Suction Head required (given by the manufacturer)

((Adiiaall dailiall A4S Had) S8 cpa g 35 Ay )

1Al ABMad) (g8 () caan gl Eaay Y (S
To prevent from cavitation in pump must be :

NPSHa > NPSHr + (0.5 — 1) m H2o
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m]
10 2 [m H20] 60
3 [m H20] 70
4.6 [m H20] 80
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NPSHa=H.—h — Hi - Hv
Ha =atmospheric pressure at pump site
(L..Sjéj\ M\)
h=suction head.
(t._ia.uj\ &\éﬁ)\)
Hs=friction loss in suction pipe
(audl lad 8 AKEAY) Gile i) h
Hv=vapor pressure of liquid .

NPSHa = Atmospheric pressure [m] - Suction Elevation [m] - Friction loss [m] - Vapor pressure [m]
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a = Front of impeller vanes
b = Back of impeller vanes

Pressure [Pa]

ﬁ
=

Impeller inlet Impeller outlet
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a = Front of impeller vanes
b = Back of impeller vanes

Imploding vapour bubbles

Implosion of cavitation bubbles on the back of impeller vanes
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( Luredl Jode dic y9giall Gllasll Lél:qy’l ol o ) NPSHa dand Wl

Altitude 200 m el e (St (o dunall L8, alge pLAT)
Temperature 20 [°C] dpnpnatll olall Bl dzps
Vapor pressure 0.2339 m H20 dogasntll olpall Bl dzyy i clall jliy Jod o mmm
) ) el LT
Suction Elevation 5.0 m H20 (i imal d:'*ﬂal :Ld'?ghwmﬂﬁiﬁl 859
Length of suction pipe 10.0 m Ll gl Jgbe
Inside diameter 4.0 Inch AL ol gl e
C = Hazen-Williams roughness constant 140 Coeall LogdY Sabibg (ol cold
Q ( VLOW -m?/hr) 45.0 m?/hr Gl Ja) [ dsenall, Jasll 3l
foot valve and strainer/ 8lams as Lo plase 28 1 898
S ezl a8 Caual 93 A5 90 oS 0
e £l 3ab Ciani 33 32290 £ 2.7 1 2.7
oo Uoeil jlad Can) 9342290 #5 0
6 53 CblgunsT 0
63 Clguas] 0
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Pipe size Equivalent length of straight pipe in metres,
mm for calculating friction loss
20 03 03 06 6.7 0.5 1.5 15 1.5 15
25 03 03 08 8.2 05 20 18 23 20
32 03 06 09 11.3 08 26 24 27 26
40 04 06 1.1 134 09 3.1 27 34 3.1
50 05 08 14 174 1.1 40 34 46 4.0
65 06 09 1.7 201 1.4 52 43 5565 46
80 08 1.1 21 260 1.5 6.1 52 6.7 5.5
100 1.1 15 27 340 2.1 g2 67 88 73
125 1.2 18 37 43.0 27 100 82 110 85
150 1.5 2.1 43 490 34 122 100 140 11.0
200 2.1 3.1 55 67.0 43 165 134 18.0 15.0
o50 2.4 37 7.3 854 55 200 165 220 19.0
300 3.1 43 85 0980 67 244 200 274 230
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