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 بيبًبث الوعول الأسبسيتأولاً: 

 : ...............................اٜلاخ انٓٛــذرٔنٛكٛــح..................................إسن الوعول

 : .........................ْــُذسـح انـقـــٕٖ انًٛـكاَٛـكٛـــح...........................القسن العلوي

 عثذ انزحٛى دُْٛح: ..........................د/ الوشزف

 و / إسًاعٛم انسٛذ فٓٛى:ههٌدص الوعول

 ـاٚــش...................................: ...................................أ/ ســـايح فـأهيي الوعول

 1336: الخليفىى

 خهف انٕرش: الوىقع ببلٌسبت للكليت

و 240: ...................هسبحت الوعول
2

.................................................................... 

 

 قبئوت ببلأجهشة والوعداث الوىجىدة ببلوعول:ثبًيبً: 

 Serial Number العدد إسن الجهبس م

1 Hydraulic Circuit 1  

2 Water Table 1  

3 Centrifugal Pumps 3  
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 ؤدي داخل الوعول:حقبئوت ببلخجبرة الخي ثبلثبً: 

 الغزض هٌهب الخجزبت م

1 Performance of a Centrifugal 

Pump 
 قٛاص يُحُٗ أداء انطهًثاخ

2 Performance of Two Centrifugal 

Pumps In Parallel Operation 

فٗ حال قٛاص يُحُٗ أداء يضختٍٛ 

 تٕصٛهًٓا عهٗ انتٕاسٖ

3 Performance of Two Centrifugal 

Pumps In Series Operation 

فٗ حال قٛاص يُحُٗ أداء يضختٍٛ 

 تٕصٛهًٓا عهٗ انتٕانٗ

4 Hydraulic losses in a water 

pipeline 

 قٛاص انًفاقٛذ فٗ خظ أَاتٛة

 يٛاِ 

  

 

 :انتذرٚـة انصـٛــفٙ نطــلاب انفـزقـح الأٔنٗ...... الأًشطت الطلابيت داخل الوعول...... 

 :4 ................... عدد طلاة الدراسبث العليب الوسخفيديي هي الوعول................... 

 :كثٛزج......... عدد الزسبئل العلويت الخي حوج في الوعول.......................... ................. 

 :2............... عدد الدوراث الخدريبيبت الخي حوج في الوعول................................ 

 :الوسببقبث العوليت الخي شبرك فيهب طلاة هي الوسخفيديي هي الوعول ....................... 
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 الخجزبت الأولي

 :بيبًبث عبهت 

 .... Performance of a Centrifugal Pump: إسن الخجزبت

 : .....انزاتـــعـــح.............................................................الفزقت الوقزر عليهب الخجزبت

 : ......الأٔل....................................................................................الفصل الدراسي

 : الأدواث الوطلىبت للخجزبت

 (Centrifugal pumpًثح طاردج يزكشٚح )طهث -

 (Pipelineخظ أَاتٛة ) -

 (Pressure sensorعـــــذاد ضــغــظ ) -

 (Flow meterجٓاس قٛاص يعذل انتـصـــزف ) -

 

 

  :الأسبص الٌظزي للخجزبت 

Introduction 

The centrifugal pump is the most widely used type of the hydraulic 
machines. All engineers need to be acquainted with its operation and 
performance characteristics. In many installations more than one centrifugal 
pump are employed and operating either in parallel for high flow rates or in 
series for high discharge pressures. 

Pump Set Description: 

The test set and its measuring equipment are shown in the following 
figure. It contains two identical separately driven centrifugal pumps. It is 
arranged to run separately and also to run either in series or in parallel. 
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Diagrammatic representation of parallel-series pump set 
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Performance of a Centrifugal Pump 

The objective of this test is to get the actual performance of a 

centrifugal pump, at different speeds, i.e. the curves for the Head, Power and 

Efficiency against Discharge. 

TEST STEPS: 

1. Setting the pump in operation (Pump (1)). 

- Let SV1 fully opened and close the other valves. 

- Check pump priming (the impeller must be filled with water). 

- Make sure of all pipe connections and fittings to ensure the leakage. 

- Start up motor (1) by the electric switch, until a certain operating 

speed. 

2. Open valve DV1 to a small opening (1/10 full open). 

3. Measure the operating speed N1 by the tacho-meter. 

4. Measure the discharge (Q in m3/s) from the discharge tank using 

stopwatch. 

5. Read the pressure gauges reading (PGS1, PGD1) and calculate the head 

H = PGD1 – PGS1. 

6. Measure the torque by means of torque arm and the spring balance, 

and calculate the power  P = T. N/ const. 

7. Calculate the efficiency   =  Q H / (75*Power). 

8. Tabulate the previous measured quantities (Q, H, P, ). 

9. Repeat steps 2, 3, ... to 8 for several DV1 openings and tabulate the data 

as shown: 

 1/10 F. O. 2/10 F. O.  Fully opened 

Discharge Q, m3 /s      

Head H, m     

Brake Power, hp     

Efficiency      
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10. Repeat steps 2, 3, … to 9 for another speed (N2). 

11. Draw the performance curves (H, P,  against Q), specify the operating 

point and evaluate the specific speed. 

12. Using affinity 1aws get the performance of the pump at the second 

speed from the performance at first speed. 

13. Compare the affinity performance curves and the experimental 

performance curves for the second speed. 

 

HIGH SPEED : “ N = 2920 r.p.m. ” 

 

 Laboratory Data : 

PGS  cm Hg 6.5 9 10 11 12 13.5 14 15 16 17 

PGD  m w 17 16 15 14 13 12 10 8 6 4 

Force F gmf  350 870 960 1040 1100 1160 1260 1320 1360 1430 

h     cm/min 0 42.9 54.5 63.2 70.6 80 85.7 92.3 100 104 

 

 Calculated Data : 

Length of the tank L = 73 cm,   Length of arm = 17.5 cm  

Width of the tank W = 22.5 cm 

H = PGS + PGD  m w , (1 cm Hg = 13.6/100 m w) 

Q = 
1000

hLW 
 1it/min = 

1000

*5.22*73 h
 = h6425.1   1it /min 

B.H.P. = 2  N*F*Arm / (1000*100*60*75) = 7.134*10-4*F  hp 

 =  Q H /(75*60*B.H.P.) = Q H / (4500*B.H.P.) 

 

Q  lit/min 0 70.5 89.5 103.8 116 131.4 140.8 151.6 164.3 170.0 

H  m w 17.88 17.22 16.36 15.50 14.63 13.84 11. 90 10.04 8.18 6.31 

B.H.P.  hp 0.25 0.62 0.68 0.74 0.78 0.83 0.90 0.94 0.97 1.02 

 0 0.435 0.475 0.482 0.480 0.488 0.414 0.359 0.308 0.234 
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LOW SPEED : “ N = 1490 r.p.m. ” 

 Laboratory Data : 

PGS   cm Hg 6.2 7 7.5 8 9 9.8 10 

PGD   m w 3.7 3.5 3 2.5 2 1.5 1 

Force F  gmf 80 200 250 300 320 330 360 

h       cm/min 0 22 30 39 43 47 50 

 

 Calculated Data : 

B.H.P. = 3.64075*10-4*F  hp 

Q lit/min 0 36.14 49.28 64.06 70.63 77.20 82.13 

H    m w  4.543 4.452 4.020 3.588 3.224 2.833 2.360 

B.H.P.  hp 0.029 0.073 0.091 0.109 0.117 0.120 0.131 

 0 0.491 0.484 0.469 0.434 0.405 0.329 
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 الثبًيتالخجزبت 

 

 :بيبًبث عبهت 

 ....Performance of Two Centrifugal Pumps In Parallel Operation: إسن الخجزبت

 : .....انزاتـــعـــح.............................................................الفزقت الوقزر عليهب الخجزبت

 ......الأٔل....................................................................................: الفصل الدراسي

 : الأدواث الوطلىبت للخجزبت

 (Centrifugal pumpطهثًثح طاردج يزكشٚح )2  -

 (Pipelineخظ أَاتٛة ) -

 (Pressure sensorعـــــذاد ضــغــظ ) -

 (Flow meterجٓاس قٛاص يعذل انتـصـــزف ) -

 

  :الأسبص الٌظزي للخجزبت 

Introduction 

The centrifugal pump is the most widely used type of the hydraulic 
machines. All engineers need to be acquainted with its operation and 
performance characteristics. In many installations more than one centrifugal 
pump are employed and operating either in parallel for high flow rates or in 
series for high discharge pressures. 

Pump Set Description: 

The test set and its measuring equipment are shown in the following 
figure. It contains two identical separately driven centrifugal pumps. It is 
arranged to run separately and also to run either in series or in parallel. 
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Diagrammatic representation of parallel-series pump set 
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Performance of Two Centrifugal Pumps 

In Parallel Operation 

In this test, the two pumps must create the same head. The analogy of this 

test is the parallel connection for two electrical resistances where Q = i, H = V 

as shown in figure. 

 

 

 

1. Set the two pumps in parallel operation by closing valve DV2, and fully 

opening valves SV1, SV2 and DV3. 

2. Start up the two motors (after checking pump priming) until they reach the 

normal operating speed (N1). 

3. Make sure that the two heads created by the pumps are equal (by reading 

the pressure gauges). 

4. Let the DV1 1/10 fully opened, and measure the discharge Q, read the 

manometric reading, the torque balance reading, then calculate the head, 

the torque, power and efficiency by the same way as in Test (1). 

5.  Repeat step 4 for several DV1 openings and tabulate the results as in Test 

(1). 

6. Draw curves for the head and power against Q, and the head, power and 

efficiency against Q/2 (the performance of one pump only). 
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Parallel : 

 

N = 2920 r.p.m.,    Length of arm = 17.5 cm 

Length of the tank L = 73 cm,   Width of the tank W = 22.5 cm 

 

h   cm/min 0 20.3 60 100 150 181.8 188 

PGS*13.6/100  m w  0.599 0.816 1.088 1.36 1.909 2.09 2.176 

PGD    m w 17.5 16.7 16.5 15.2 10.5 8 7.5 

Force F   gmf 820 890 1660 2000 2620 2780 2800 

Q - H : 

H = PGS + PGD   m w,      Q = L.W. h /1000 lit/min = 1.6425 h   lit/min 

 Parallel : 
Q  lit/min 0 33.3 98.6 164.3 246.4 298.6 308.8 

H  m w 18.10 17.52 17.59 16.56 12.41 10.09 9.68 

 

 Single : 
Q  lit/min 0 70.5 89.5 103.8 116 131.4 140.8 151.6 164.3 169.9 

H  m w 17.88 17.22 16.36 15.5 14.63 13.84 11.9 10.04 8.18 6.31 

 

Q - B.H.P. : 

B.H.P. = 2  N*F*Arm / (1000*100*60*75) = 7.134*10-4*F  hp 

 Parallel : 
Q  lit/min 0 33.3 98.6 164.3 246.4 298.6 308.8 

B.H.P.   hp 0.58 0.63 1.18 1.43 1.87 1.98 2.00 
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 Single : 

 

Q  lit/min 0 70.5 89.5 103.8 116 131.4 140.8 151.6 164.3 169.9 

B.H.P.   hp 0.25 0.61 0.68 0.74 0.78 0.83 0.9 0.94 0.97 1.02 

 

Q -  : 

 =  Q H /(75*60*B.H.P.) = Q H / (4500*B.H.P.) 

 Parallel : 
Q  lit/min 0 33.3 98.6 164.3 246.4 298.6 308.8 

 0 0.204 0.325 0.424 0.363 0.338 0.332 

 

 Single : 
Q  lit/min 0 70.5 89.5 103.8 116 131.4 140.8 151.6 164.3 169.9 

 0 0.435 0.475 0.482 0.480 0.488 0.414 0.359 0.308 0.234 
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الثبلثت الخجزبت  

 

 :بيبًبث عبهت 

 ....Performance of Two Centrifugal Pumps In Series Operation: إسن الخجزبت

 : .....انزاتـــعـــح.............................................................الفزقت الوقزر عليهب الخجزبت

 : ......الأٔل....................................................................................الفصل الدراسي

 : الأدواث الوطلىبت للخجزبت

 (Centrifugal pumpطهثًثح طاردج يزكشٚح )2  -

 (Pipelineخظ أَاتٛة ) -

 (Pressure sensorعـــــذاد ضــغــظ ) -

 (Flow meterجٓاس قٛاص يعذل انتـصـــزف ) -

 

  :الأسبص الٌظزي للخجزبت 

Introduction 

The centrifugal pump is the most widely used type of the hydraulic 
machines. All engineers need to be acquainted with its operation and 
performance characteristics. In many installations more than one centrifugal 
pump are employed and operating either in parallel for high flow rates or in 
series for high discharge pressures. 

Pump Set Description: 

The test set and its measuring equipment are shown in the following 
figure. It contains two identical separately driven centrifugal pumps. It is 
arranged to run separately and also to run either in series or in parallel. 
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Diagrammatic representation of parallel-series pump set 
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Performance of Two Centrifugal Pumps 

In Series Operation 

 

In this test the electrical analogy is the series connection of two resistances as 

shown in figure. 

 

 

 

- To set the two pumps in series operation, close SV1 and DV3, and open 
SV2 and DV2. 

- Repeat steps 2, 3, 4, and 5. 

- Draw curves for the head, power, and efficiency against Q. 

- Draw also the Head differences for the single pump (1) against Q. 
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Series : 

 

N = 2920 r.p.m.,    Length of arm = 17.5 cm 

Length of the tank L = 73 cm,   Width of the tank W = 22.5 cm 

 

h   cm/min 0 41.4 52.2 58.8 60.2 70.5 76.9 82.2 84.5 100 

PGS*13.6/100 m w 0.68 1.13 1.36 1.5 1.632 1.77 1.9 2 2.18 2.45 

PGD    m w 34 32 30 28 24 23 22 20 16 2 

Force F   gmf 840 1880 2060 2220 2360 2560 2600 2700 2822 3060 

 

Q - H : 

H = PGS + PGD   m w 

Q = L.W. h /1000 lit/min = 73*22.5* h /1000= 1.6425 h    lit/min 

 Series : 
Q  lit/min 0 68 85.74 96.58 98.88 115.8 126.3 135.0 138.8 164.3 

H  m w 34.68 33.13 31.36 29.5 25.63 24.77 23.9 22 18.18 4.45 

 

 Single : 
Q  lit/min 0 70.5 89.5 103.8 116 131.4 140.8 151.6 164.3 170.0 

H  m w 17.88 17.22 16.36 15.50 14.63 13.84 11.90 10.04 8.18 6.31 

 

Q - B.H.P. : 

B.H.P. = 2  N*F*Arm / (1000*100*60*75) = 7.134*10-4*F  hp 
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 Series : 
Q  lit/min 0 68 85.74 96.58 98.88 115.8 126.3 135 138.8 164.3 

B.H.P.   hp 0.6 1.34 1.47 1.58 1.68 1.83 1.85 1.93 2.01 2.18 

 

 Single : 
Q  lit/min 0 70.5 89.5 103.8 116 131.4 140.8 151.6 164.3 170.0 

B.H.P.   hp 0.25 0.62 0.68 0.74 0.78 0.83 0.90 0.94 0.97 1.02 

 

Q -  : 

 =  Q H /(75*60*B.H.P.) = Q H / (4500*B.H.P.) 

 Series : 
Q  lit/min 0 68 85.74 96.58 98.88 115.8 126.3 135 138.8 164.3 

 0 0.373 0.407 0.400 0.335 0.349 0.362 0.343 0.279 0.074 

 

 Single : 
Q  lit/min 0 70.5 89.5 103.8 116 131.4 140.8 151.6 164.3 170.0 

 0 0.435 0.475 0.482 0.480 0.488 0.414 0.359 0.308 0.234 
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 الزابعتالخجزبت 

 :بيبًبث عبهت 

 ............................................ Hydraulic Losses in a Water Pipeline: إسن الخجزبت

 : .....الأٔنـــــــــٗ............................................................الفزقت الوقزر عليهب الخجزبت

 ...........: ......انثـاَــٙ......................................................................الفصل الدراسي

 : الأدواث الوطلىبت للخجزبت

 (Centrifugal pumpطهثًثح طاردج يزكشٚح ) -

 (Pipelineخظ أَاتٛة ) -

 (Pressure sensorعـــــذاد ضــغــظ ) -

 

  :الأسبص الٌظزي للخجزبت 

الاسـاص انُظزٖ ْٕ أٌ انضغظ عُذ طزد انطهًثح ٚتأثرز تًأد دل انسزٚأـاٌ ي حٛأه أَأّ يأد سٚأادج يعأذل 

 ٚقم ضغظ انطزد تذرٚجٛا تًُٛا ٚصم انضغظ لأعهٗ قًٛح نّ عُذ تٕقف انسزٚاٌ تًايا. انسزٚاٌ

 

 خطىاث حٌفيذ الخجزبت: 

ٚأتى تغأأغٛم انطهًثأح يأأد فأتح انصأأًاو نهتثكأذ يأأٍ انٕصإٔل نحانأأح الاسأتقزار ٔطأأزد أ٘ فقاعأأاخ   -1

 ْٕائٛح تانذٔرج.

 ٚتى غهق انصًاو تًايا ٔٚتى أخذ قزاءج كم يٍ جٓاس قٛاص يعذل انتصزف ٔعذاد انضغظ.  -2

 %(.20ٚتى فتح انصًاو تغكم تذرٚجٙ )حٕانٗ   -3

 ( يزج أخز2ٖٚتى تكزار انخطٕج رقى )  -4

 %(.100( حتٗ تصم َسثح فتح انصًاو إنٗ )4(ي)3ٚتى تكزار انخطٕتٍٛ )  -5
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قًٛأح انضأغظ فتكإٌٔ ْأٙ يعثأزج عأٍ يُحُأٗ أدء ٚتى رسى علاقح تٍٛ كم يٍ يعذل انتصزف ٔ  -6

 انطهًثح.

 

  :الٌخبئج 

 :ٗٚتى جًد انُتائج فٗ انجذٔل كانتان 

     Discharge (Q) [LPM] 

     Pressure (P) [bar] 

     Head (H)     [m] 

 

Where, 

  H= (P*1E05)/.g)  

And  

  H= Pressure head, [m] 

  P= Pressure sensor reading, [bar] 

  = Fluid density, [kg/m
3
] 

  g= Gravity acceleration, [m/s
2
]  



 
 

 
24 

 

 :هٌبقشت الٌخبئج 

ٚقأم يأد  ٚلاحظ يٍ شكم انزسى أٌ ضغظ تسهٛى انطهًثح ٚصم لأعهٗ قًٛح نّ عُأذ غهأق انصأًاو تًايأا ٔ

 سٚادج يعذل انسزٚاٌ. 

 :أسئلت عبهت 

 قى تٕضد يعادنح تٕصف يُحُٗ أداء انطهًثح عهٗ انصٕرج: 

[H= a.Q
2
 + b.Q + c] 

 


