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Pumping &<l
Lbsall ol Jie Gridie jias (e dakea cond ol B A Glaiaddl aladinl (Say
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Total dynamic head =static head +head losses
Static head = ZaSLull s i)
head losses=4iailly laaal)
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Head losses hf &dadll cilaila

(Ao aall 5 3l 5l 5 V) J) shal Yoo JS (8 5 Aaaily cladiliall (e ) 53l 4500 clllia
Db WS

oY) ) sha) Aot Al cilailia -1
hf= 1;’7”5 ¢ 300 Aabeally 5 ) ghal i Ain 30l ailall (S

Fr Aiay Jalas
L cn¥l dsh
V: el
ki s 100m3/day et pai ddiad i) Jsha Ao Lalll Clailoa cawal 1] JYa
$1=0.05 dia¥) Jalbae G131 275 M «s8¥) Jshay 4 inch s casd) o sail
Solution:
Diameter=4 inch*2.54 /100=0.1016 m
Q=100 m®/day= 100/(24*60*60)=0.001157 m?/sec
A=(3.14/4)*(0.1016)?= 0.0081 m?
V=0Q/A=0.001157/0.0081=0.142 m/sec
hf=flv2/2gd=0.05*275*(0.142)?/(2*9.81*0.1016) = 0.140 m
s gal sl Aol Adalll) claila -2
hf= Kg A Aloeally s skl s A2y wiliall (S

S Ul S e Lt ) e ke OSI Jslan (o K el dlad (S
Gl i s 100m3/day i el Aaiaad Galslll Ao Balll Glailia sl ; 204
fOLE) aae 90° LuSe s aal g3 S alaa da g ¢ il 4 s candl
Solution:
V=0.14288 m/sec
V?/29=(0.14288)%/2*9.81=0.00104

Draw a table of the fitting :

5 hf=K(VZ2g) | s> [K | aaldl ¢ 5 2
0.00624 m 6*1%0.00104 |1 |6 |58 slaa 1
0.00624 m 3*2%0.00104 | 2 |3 |&a,290 ose |2
0.012487 m

s de ) Aot sl clailia -3

hf= ﬁ ;) Alabeally o s ) shal s A2y wilicall (S
PRV u»éﬂlOOm3/day Ly paiddindlde pall Aa i Laa Bl Cilailin Cawa 23 Jlia
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Solution :
hf= 5:0.00104 m
daaall (Ao pully Gal sl sl Jsh) dagi IS Ladl) Cilailia aual 4 Ja
1 (1,2,&3) Adluall dLiaY) & dlase L3l
Solution :
hf=flV?/2gd+ KV?/2g+V?/2g
hf (Total losses) =0.14 +0.012487+0.00104=0.153m
operating point Jsual) adass
Al g oy paill 2paS ga gl Adiaall pal & Jiaie aa da gl isia adalds ddads oo
LAl 6 et )
O 131 40m e laia 4 @8ls ddleal 100mM3/day s pai Adcas Aol 51 clo ad y: JUia
Jshas (@1 4 okd 51) 0.0081 M? (abaia¥) 5 iy paill ¥ (o IS alate Al
G Jalaa S 13 Azl Joadi wie K0 Lncill aa gl | Ml (3N 6 LS120m
ol Cilaal day 1 5 AW Cimaia ) g ol i i Il Jas 22 ) o5 <F=0.015
Ll 5 jeaall Adiadll al s&  Jaia an ) o € 3a glaiall al s&  Asie au ) o5 Aa laiall
G5 o) sl Jaseitll ddai o gl 1 pad 5 € 0lial Jgaadl 8 dacaall dniiadl) 4 58l U8 (e
dsas JSh Ay

&)

Q(md/d) | pump properties

0 40.8
100 40.85
200 40.75
300 40.5

400 40.2
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Solution:
Here is a calculation of the first raw as follow:
D=4 inch= 4*2.54/100=0.1016 m, f=0.05, L=120 m

fL/d= 0.05*120/0.1016=59

Q= 100 m®/d= 100/(24*60*60)= 0.00115m3/s

Q=200 m3/d= 0.0023 m?/s
Q=300 m3/d=0.00347 m3/s
Q =400 m3/d=0.00347 m3/s

K(V2/2g)= (3*2+6)*(0.0010)=0.0120
Total losses= V?/2g + fLV?/2g+K V?/2g
=0.0010+0.0590+0.0120 =0.072
Total dynamic head= 40+0.072=40.072

Now ; repeat the calculations for Q= 200, 300, 400 m®d as in Table

below:
Dis. | Dis. area velocity Length
Q A v=Q/A | V32g | fL/id | fLV?#2gd | Kfor | Kfor | KV?2g | Total | Total
m3/d | m¥/s (m?) valve | bend head dynamic
losses | head
100 | 0.00115 | 0.0081 | 0.1419 | 0.0010 59 0.0590 6 6| 0.0120 0.072 | 40.0720
200 | 0.0023 | 0.0081 | 0.2839 | 0.0041 59 0.2410 6 6| 0.0492 | 0.2902 | 40.2902
300 | 0.00347 | 0.0081 | 0.4259 | 0.0092 59 0.5428 6 6| 0.1104 | 0.6624 | 40.6624
400 | 0.0046 | 0.0081 | 0.5679 | 0.0164 59 0.9676 6 6| 0.1968 | 1.1808 | 41.1808

Now ; Rearrange the calculations as in Table below :

Q(m?/d) | system properties pump properties
0 40m 40.8
100 40.0720 40.85
200 40.2902 40.75
300 40.6624 40.5
400 41.1808 40.2
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Now draw the fig. and show the operating point :

41.3 .
41.2 ’,
41.1
a
40.9
40.8 —
40.7
40.6
40.5
40.4
40.3
40.2
401 —
40 —— %

100 200 300 400

head (m)

discharge m3/d

The result: The operating point shows that this pump can held a discharge
of 275 m3/d with a head reaches 40.55m.
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Pw slall 3 a8
Ao DU ALK Aan il * oLall S ol s o g Jeals = Adicae Aaud 5 Jaciall Jaidl)
el @yl
IS Ayl dia il * oy el = Jadll () (g
Pw=KQH
Pw = water power ( Kw)
H= total head (m)
Q= discharge (m3/min)
K=constant=0.163 (Kw.min/m3.m)

pp:’;_g b LS Al 50 liS Lo oLl 5,08 fand Joala (e 5 Pp Adaaal) 5,08
Egﬁésamd\ajmw&ahwc_mpm é@)@ﬁ\éﬂ\}\)}kbﬂ\'&)ﬁ
Pp

Pm=— LS skl
Em -

: b WS (EP*EM) (o Lo suiia elall 3 )08 daid Juala = ghalall 3 )08 o JA) Jimay
Pw
EpxEm
1.89 o pall ddine dashaial &l %JM\SJ&}&M‘BJ&J}JT:&
éﬂ\)&@d\zcuso\u'a)é\Somuj\&&d\m\hw\wmmymin

Pm=

“80%
Solution:
Pw = KQH = 0.163*1.89*50 =15.4 kw
Pp = 2 =15.4/0.8=19.25 kw
Ep

Pm = 22 =19.25/0.8=24.06 kw
Em

&J:\‘)AA:S dA aa :\.Ajla.m] cﬂ);a]\ d‘s\;} :\MAM SJJEJ ;Ld\ EJ.ﬁ h}i : &
indy 40M S Sl Hind ) om0, IS o sl it 32 1,89 m¥/min

€ 75% & a.ll B;GSJ_SO% Al 3 WS () (i il (5m SAiaY) Glailia
Solution:

H=40+5=45 m
Pw = KQH
= 0.163*1.89%45 =13.8 kw

Pp =2¥=13.8/0.8=17.25 kw , Pm =& =17.25/0.75=23 kw
() Em

E
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;2001 Ll Jlasianly fen Aasal da 50U dadl aa 5 ; Jla
200,000 cap. = o1l (uséi -1
135 l/cap./d =slall o sall Qllall -2
120 m = 3,81l elall Cosunia -3
140m= 4aill dasa o guia -4
2m = Ay Clailia ¢ gaas -5
70% =) shlall 3:1S 5 9090 dauaall 3: 1S -6
24 hr/d =gl Dlelu e 7

140 m

120 m

Solution :

Pw = KQH

Q=(135*2*10°)/(1000*24*60) =18.75 m®/min

H=140-12 0=20m, Total head =20+2=22m

Pw=0.163*18.75*22=67.23 kw

Pp=Pw/Ep=67.23/0.9=74.4

Pm=74.4/0.7=106.3 kw

o)l Cay iy 360 kpa Lo laie IS Liad am AN Adiae Judd @glhdl ¢ Jla
1.1 m®/min

A aall 3:1S il 13) B0Yh Adumall 3eUS (ol alall o ol jaall 558 5 slall 3,08 Coal -1
£ 85% LSl

Shoall Jame IS 1) (At Gl (gl Adamal) (il Jpedill 3 58l A Canal -2
¢ Al /a5l JS1 i 1,5 )l A8lS 5 750 m3 i)

Solution:

A))

P=y H

360=9.81H ; H=36.7m (1m head= 9.8 kpa)

PW=KQH

Pw=KQH =0.163*1.1*36.7=6.58 kw

Pp=Pw/Ep=6.58/0.6=10.96 kw
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Pm=Pp/Em=10.96/0.85=12.9 kw

B))

Q= 750 m®/d=750/(24*60)=0.52 m*/min
Pw=KQH =0.163*0.52*36.7=3.1 kw
Pm=Pw/(Ep*Em) =3.1/(0.6*0.85)=6.1 kw
1.5 cent/kw/hr=(1.5/100)*24=0.36 $/kw/d
0.36 $/d*30=10.8 $/kw/month
10.8($/kw/month)*6.1 kw=65.8 $/month

g gall palaial) dad ila
Net pressure Suction Head NPSH
Do 8 e A el paliaia¥l Aad s
daiaad) Jaas die Sl laaca g (g5l aaall & seae iy Available 358514l -1
)l g g 8 ladliall 5 elall Hlas Jazin 4t a9 y)aa
C(30als dad) AAadl) aaas B (e g 5 Required 4 sthaall -2
biaall Jsay dic g Adiadl avaall 4 lhall 4adll (o S NPSH dad Loyt Laxie
Jala (I elally sl Jagld Jansuy bl i ailad) i ek ) deliall cpe DA
Jae (S s ) ol Aaidle e a3 Ll J udd) Jiil donme damdl) ) Loy 5 daadl)
Ui y) e Jaaiy delaall e 8 cleli o oS5 ae duaidie Al sl oda 3 Aaiaall
LAc ) mdand 8 50 Cand g Al i g elia guin Jsaan 5 jallal) 038 (31 5 delaally el
IF NPSH Required > NPSH available pump not work

&EJY\GAM :'\‘é.éo\@\ J\Jieog.gdjd.;

Height pressure
m Ft KPa | H20
Kp ft
0 0 101 | 33.9

305 1000 98 32.8
457 1500 96 32.1
610 2000 94 31.5
1220 4000 88 29.2
1830 6000 81 27.2
2439 8000 75 25.2
3049 10,000 70 23.4
4573 15,000 57 19.2
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BJ\F\%JJ&@)\&AM\&LJ\M\‘)\.Js.au;t.t.\d}h
Temp. F Kpa H20
Kv ft

0 32 0.61 0.204
4.4 40 0.84 0.281
10 50 1.23 0.411
15.6 60 1.76 0.5911
21.1 70 2.5 0.838

26.7 80 3.5 1.27
32.2 90 4.8 1.61
37.8 100 6.5 2.19

43.3 110 8.81 2.95
48.9 120 11.7 3.91
544 130 15.3 5.13
60 140 15.9 6.67

g dniti 3.5 Kpa e gl Y1 Aais Jsaad) (e i) Jaiall Julis o ¢ Aiadla
. Jaiaall ol gl Jazall
30 kpa ki Al Slaadl Jesind 500m gk sle foa ddaas o g8 1 b
Al cddiedn ;030 4a da ) cle iy pal 2ie NPSH s 50 paliaial lazia
AVl s Jaddl il 8 Lae Glacadl odgd el pabaia¥) gd )
¢ 15kpa = Phf
Solution:
From height table , the atmos. Pressure Kp=95.4 kpa
This value should be reduced due to low pressure by 3.5 Kpa
Kp net =95.4 -3.5 =91.9 kpa
From Temperature table ; water vapor pressure Kv =4.3 kpa
NPSH ava.=Kp net-Kv- Phf- Ps
NPSH req. = NPSH ava
30=91.9-15-4.3-Ps
30=91.9-15-4.3-Ps
Ps=42.6 kpa and this value equal suction lift =4.35 m
Note ; if we need higher suction lift we need another pump
The pump gives low capacity as NPSH ava. Reduced .
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Jaaa g sliia A elall prhans G oY) 3 adae W) 7 sansall CODEAY () S 13 1 JUa
LAl Ca gy lall Cant dacae

¢ 2m3/min=cboall ¢ 259C= (bl el 35 a3 50 < 1000m gl Y
40 kpa=NPSHrq ¢ V3/2g=hf Jaxall aila ¢ 150mm= Jaaall gl

Solution:
A= (3.14/4)*d?= (3.14/4)*(150/1000)?=0.0176 m?; Q=2/60=0.033 m3/sec
V=Q/A=0.333/0.0176=1.894 m/sec

hf=v2/2g= L8492 - 4 181m

T 24981
p=Yh
P n=9.8*0.181=1.77 kpa
Fined Kp by interpolation as flows :

A height A pressure
1220-610=610 94.88
1000-610=399 X

X=6*390/610=3.8 ;
So: Kp=94-3.8=91.1 Kpa
Kp net =91.1-3.5 =87.6 kpa
Fined Kv by interpolation as flows :

A Temp. A pressure
26.7-21.1=5.6 3.5-2.1=1
25-21.1= 3.9 X

X=1*3.9/610=0.69 kpa ;

So: Kv=2.5+0.69 =3.2 Kpa

NPSH Required = NPSH available
40=87.6-3.2-1.77-Ps , Ps=41.6 kpa
P=Y h , 41.6=9.8*h , h=4.24 m H,0O

30 kpa lhs ) cliad) Jeaied 500m gléish dedun daaa o) (bl o JUa
& o L Aysieda 50 30 4l s Aa ) sle iy el die NPSH daa 50 paliaial bz
*Pri=15 kpa Syl 5 Janall cilailin ) 5K Laie i) sdel o slladll aliaiel!

Solution :

NPSH required =30 kpa

From table ; Kp=95.4 ; Kp net=95.4-3.5=91.9 kpa
Decrease 3.5 from atmo. Pressure ; 95.4-3.5=91.9 kpa
From NPSH available =

(Atmosphere pressure -friction losses -vapor pressure —PS)



daal St ‘)ﬂ dada e\ slal) 508 'Ea'él\ JESUE Saadl)

From table ; Kv=4.3 kpa

30=91.9-4.3- 15-Ps

Ps=42.6 kpa

P=Yh , 42.6=9.8*h, H=4.34 m

Note: if we need higher suction , we need another pump.
il Jay
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