





 Categories
 Top Downloads









Login
Register
Upload











Search












	
Categories

	
Top Downloads

	
	
Login

	
Register







Search











	
Home

	Hydraulic Machines Question Bank

 Hydraulic Machines Question Bank


August 18, 2017 | Author: Adit Gaur | Category: Turbine, Jet Engine, Pump, Turbomachinery, Transparent Materials 


 DOWNLOAD PDF - 111KB



 Share
 Embed
 Donate



 Report this link







Short Description

Download Hydraulic Machines Question Bank...



Description


Question Bank on Hydraulic Machines (AM601) ON DIAMENSIONAL SIMILARITY & MODEL ANALYSIS: 1. A radial flow hydraulic turbine is required to be designed to produce 30MW under a head of 14m at a speed of 95 rpm. A geometrically similar model with an output of 40KW and a head of 5m is to be tested under dynamically similar conditions. At what speed, must the model be run? What is the required impeller diameter ratio between the model and prototype and what is the volume flow rate through the model if its efficiency can be assumed to be 90%? [Ans. 721.4 rpm, 0.079, 0.906m3/s] 2. Specification for an axial flow coolant pump for one loop of a pressurized water nuclear reactor: Head=85m. Flow rate=20,000m3/hr., Speed= 1490 rpm, Diameter=1.2m, Water density=714 kg/m3, Power=4MW (electrical). The manufacture plants to build up a model of the above. Test conditions limit the available electrical power to 500kW and flow to 1.5m3/s of cold water. If the model and prototype efficiencies are assumed equal, find the head (H2/H1), Speed (N2/N1) and scale ratio (D2/D1) of the model. Calculate the ‘dimensionless specific speed’ of the prototype and confirm that it is identical with the model. [Ans. 1.0, 3.3, 0.3, 2.35 radian] 3.



A projected low head hydro-electric scheme is to be set up, where 283.17 m3/s of water are available under a head of 3.66 m. Alternative schemes to use Francis turbines having a specific speed of 467.5 or Kaplan turbines with a specific speed of 804.1 rpm(Metric HP)0.5/m5/4 are investigated. The normal running speed is to be 50 rpm. In both the cases. Determine the dimensionless specific speeds and compare the two proposals in so far as the numbers of the machines are concerned. Estimate the power developed by each machine. The units in either installation are to be of equal power and the efficiency of each type may be assumed to be 0.9. [Ans. 2.5 radian for Francis, 4.3 radian for Kaplan, 1716 kW per Francis turbine, 5209 kW per Kaplan turbine, 6 Francis machines, 2 Kaplan machines]



ON PELTON TURBINE: 1. A generator is to be driven by a small Pelton wheel with a head of 91.5m at inlet to the nozzle and discharge of 0.04m3/s. The wheel rotates at 720 rpm. And the velocity coefficient of the nozzle is 0.98. If the efficiency of the wheel (based on the energy available at the nozzle is 80% and the ration of bucket speed to jet speed is 0.46,



determine the wheel –to jet- diameter ratio at the centre-line of the buckets, and the speed of the wheel. What is the dimensionless power specific speed of the wheel? [Ans. 14.5, 19.1 m/s, 0.082 radian] 2. A reservoir with a height of 280m. is connected to the power house of a hydroelectric plant through three pipes each 2.5 kg long and with friction factor (f)= 0.006, in which the head loss is not exceed 34m. it is a requirement that a total shaft output of 18MW be developed, and to achieve this, it is decided to install a number of single-jet Pelton wheels, each with a dimensionless specific speed not exceeding 0.23 radian. The ratio of bucket speed to jet speed is 0.46, while the wheel speed is to be 650 rpm. If the nozzle have a discharge coefficient (Ku1) of 0.49 and the velocity co-efficient (Kv1) of 0.96and assuming that each wheel has an overall efficiency of 87%, find: (a) the no. of Pelton wheels required, (b) the wheel diameter, (c) the jet nozzle diameter and (d) the diameter of supply pipes. [Ans. 6, 0.901m., 0.174m., 1.07m] 3. The buckets of a Pelton wheel deflect the jet through an angle of 1700, while the relative velocity of the water is reduced by 12% due to bucket friction. Calculate the theoretical hydraulic efficiency from the velocity triangles for a bucket to jet speed ratio of 0.47. Under a gross head of 600m the wheel develops 1250 kW, when the loss of head due to pipe friction between the reservoir and nozzle is 48m. The bucket-circle diameter of the wheel is 900mm and there are two jets. The nozzle velocity coefficient is 0.98. Find the speed of rotation of the wheel and the diameter of the nozzles if the actual hydraulic efficiency is 0.9 times that calculated above. [Ans. 93%, 1017 rpm, 42.3mm] 4. A twin-jet Pelton turbine has a mean bucket-circle diameter of 1.68 m. and runs at 500rpm. When the jets are 152.5 mm diameter, the available head at the nozzle is 488m. Assuming coefficient of velocity for the nozzle as 0.98, outlet angle of bucket 150, relative velocity for water leaving the bucket 0.88 of that of inlet; and windage and mechanical losses 3% of the water horse-power supplied, find: (a) the water horsepower supplied and break horsepower: (b) the force of one jet on the bucket: (c) the overall efficiency. Note: 1HP = 0.746 kW, 1 kgf = 9.81 N. Students may convert answers in SI units accordingly. [Ans. 22.740 HP; 19.300 HP; 17,000kgf; 84.7%] 5. A Pelton wheel is working under a gross head of 400m. The water is supplied the penstock of diameter 1m. and length 4 km, from reservoir to the Pelton wheel. The coefficient of friction for the penstock is given as 0.008. The jet of water of diameter



150mm. strikes the buckets of the wheel and gets deflected through an angle of 1650. The relative velocity of water at outlet is reduced by 15% due to friction between inside surface of the bucket and water. If the velocity of the buckets is 0.45 times the jet velocity at inlet and mechanical efficiency as 85%, determine: (a) power given to the runner, (b) shaft power, (c) hydraulic efficiency and overall efficiency. [Ans. 5033.54 kW, 4278.5 kW, 90.14%, 76.62%] 6. The following data is related to a Pelton turbine: Head at the base of the nozzle=90m., diameter of jet=100mm, Discharge of the nozzle=0.30m3/s, Power at the shaft=206kW, Power absorbed in mechanical resistance=4.5kW. Determine: (a) Power lost in the nozzle and (b) Power lost due to hydraulic resistance in the runner. [Ans. 16.59kW, 8.35 kW] 7. the three-jet Pelton turbine is required to generate 10mw under a net head of 400m.the blade angle at the outlet is 150 and the reduction in the relative velocity while passing over the blade is 5%.if the overall efficiency of the wheel is 80%, flow ratio=0.98 and speed ratio =0.46, then find ;(a)the diameter of jet ,(b)total flow in m3/s, and (c)force exerted by the jet on the bucket. [Ans. 125mm, 3.18m3/s, 94.08kN] 8. In a hydroelectric scheme, a number of Pelton wheel are to be use under the following condition: Total output required =30mw, gross head=245km, speed=6.25 rev/s, 2jets/s, flow ratio=0.97, maximum overall efficiency=81.5%, dimensionless power specific speed not to exceed 0.022 rev per jet, head lost to friction in pipeline not to exceed 12m. Calculate (a) the number of wheel required, (b) the diameter of jet and wheels, (c) the hydraulic efficiency, if the blades deflect the water through 1650 and reduce its relative velocity by 15%, and (d) the percentage of the input power which remains as kinetic energy of the power at the discharge. [Ans. 5,177mm,1.537m, 85.1%,1.35% based on optimum speed ratio 0.46]



ON FRANCIS TURBINE: 1. In a vertical shaft inward flow reaction turbine, the sum of the pressure and the kinetic heads at entrance to the spiral casing is 120mand the vertical distance between the section and tailrace level is 3m. The peripheral velocity of runner at entry is 30m/s, the radial velocity of the water is constant at 9m/s and discharge from the runner is without whirl. the estimated hydraulic loses are: (1) between turbine entrance and exit from the guide vanes, 4.8m, (2) in the runner, 8.8m, (3) in the draft tube, 790mm, (4) kinetic head rejected in the tail race ,460



mm. Calculate the guide vane angle and the runner blade angle at inlet and the pressure head at the entry to and exit from the runner . [Ans. 14017’, 59012’, 47.3m, 5.87m] 2. An inward flow Reaction turbine has an inlet vane angle of 300and the inlet edge of the runner blade are 1200to the direction of the whirl. The breadth of the runner at inlet is a quarter of the diameter at the inlet and there is no velocity of whirl at outlet .the overall head is 15m and the speed 16.67rev/s. the hydraulic and overall efficiency may be assumed to be 88% and 85%. Calculate the runner diameter at the inlet and power developed .(thickness neglected) [Ans. 251mm, 35.2 kW] 3. A vertical shaft Francis turbine has an overall efficiency of 90% and runs at 7.14rev/s with a water discharge of 15.5m3/s. the velocity at the inlet of the spiral casing is 8.5m/s and the pressure head at this point is 240m, the centre line of the casing inlet being 3m. above the tailrace level. The diameter if he runner at the inlet is 2.23m and the width at the inlet is 300mm.the hydraulic efficiency is 93% guide vane angle, (d) the runner blade angle at inlet, (e) the percentage of the net head, which is kinetic at entry to the runner. Assume that there is no whirl at outlet from the runner and neglect the thickness of the blades. [Ans. 33.76MW, 0.0773 rev, 9018’, 124008’, 43.0%] 4. The runner of the vertical shaft Francis turbine is 450mm, diameter and 50mm wide at inlet and 300mm, diameter and 75mm wide at outlet the blades occupy 85 of circumference. the guide vane angle is 240, the inlet angle of the runner blade is 950,and the outlet angle is 300.the pressure head at the inlet to the machine is 55m.above that at exit from the runner ,and this head hydraulic friction losses account for 12%and mechanical friction 6%.calculate the speed at which there is no shock at inlet ,and the output power. [Ans. 14.65rev/s, 235.5kw] 5. A vertical shaft Francis turbine is to be installed in a situation where a much longer draft tube then usual must be used. The turbine runner is 760mmdiameter and circumferential area of flow at inlet is .2m2, the overall operating head is 30m.and the speed 6.25rev/s. the guide vane angle is 150and the inlet angle of the runner blade 750, at outlet, water leaves the runner without whirl. the axis of draft tube is vertical ,its diameter at the upper end is 450mm and the total expansion angle of the tube is 160.the friction loss in the tube is given by hf = 0.03*Q2*L, here Q is flow rate in m3/s the L is length. If the absolute pressure head at the top of the tube is not fall below 3.6m of water ,calculate the hydraulic efficiency of the turbine and show that the maximum permissible length of draft tube above the level of the tailrace is about 5.36 m. (the length of the tube below tailrace level may be neglected .atmospheric pressure=10.33 m of water column)



[Ans. 81.54%] 6. An inward flow radial turbine has an overall efficiency of 74%.the net head across the turbine is 5.5mand the required power output is 125kw.the runner tangential velocity is 0.97(2gh)1/2,while the flow velocity is 0.42(2gh)1/2.if the speed of the runner is 230rpm , with hydraulic loss accounting for 18%of the energy available ,calculate the inlet guide vane exit angle ,the inlet angle of the runner vane, the runner diameter at the inlet and the height of the runner at the inlet . Assume that the discharge is radial. [Ans. 43.40, 143.80, 0.836m, 0.287m] 7. A Francis turbine has a diameter of 1.4m,and rotates at speed 430rpm.water enter the runner without shock with a flow velocity of 9.5m/s and leave the runner without whirl with an absolute velocity of 79 m/s and leaves the runner without whirl with an absolute velocity of 7 m/s. the difference between the sum of the static and potential heads at entrance to the runner and the exit from the runner is 62m. If the turbine develop 12.25 MW and has a flow rate of 12m3/s of the water then the net head is 115m., find (a)the absolute velocity of water at entry to the runner and the angle of inlet guide vanes ,(b)the entry angle of the runner blade and (c)the head lost in the runner . [Ans. 33.8m/s, 16.30, 84.60, 13.7m] 8. An inward flow reaction turbine runs at speed of 375rpm. Under an available net total head from inlet flange to tailrace of 62m.the external diameter of the runner is 1.5m.and the dimensionless power specific speed based on the power transfer to the runner is 0.14rev.water enter the runner without shock with a flow velocity of 7m/s. it discharge to the tailrace with a velocity of 2m/s. the static pressure head is 2.2m.below atmospheric pressure .assuming a hydraulic efficiency of 90%,find (a)the runner blade entry angle ,(b)the head lost in the absolute casing and guide vanes ,in the runner and in the draft tube and (c)the draft tube entry diameter. [Ans. 140.40, 3.27m, 0.92m, 1.8m of water , 0.88mm] 9. (a) Show that the hydraulic efficiency  h for a Francis turbine having velocity of flow through runner as constant, is given by the equation



h 



1   0.5 tan 2  1  tan   1 tan  



    



where, α =guide blade angle & θ =runner vane angle at inlet .the turbine is having radial discharge at outlet.



(b) If vanes are radial at inlet, show that  h 



2 2  tan 2 



10. The following data is given for a Francis turbine: net head=70m, speed=600rpm, shaft power=367.875 kW, overall efficiency =85%, hydraulic efficiency 95%, flow ratio=0.25, breadth ratio=0.1, outer diameter of the runner =2×inner diameter of the runner. The thickness of the vanes occupy10%of the circumferential area of the runner. Velocity of flow is constant at inlet and the outlet and discharge is radial at outlet. Determine (a) guide blade angle (b) runner vane angle at inlet and outlet (c) diameter of runner at inlet and outlet (d) width of wheel at inlet. [Ans. 12020’, 18057’, 0.49m, 0.245m, 49mm] 11. A reaction turbine work at 500rpm.under a head of 100m.the diameter of turbine at inlet is 100cm.and the flow area is 0.35m2.the angle made by absolute and relative velocity at inlet are 150 and 600 with the tangential velocity .determine (a)the volume flow rate (b)the power developed (c)efficiency ,assume whirl at outlet to be zero. [Ans. 2.90m3/s, 2355.4kw, 82.6%] 12. A conical draft tube having inlet and outlet diameters 1m and 1.5m.discharges water at outlet with a velocity of 2.5m/s. the total length of the draft tube is 6m.and 1.2m.of the length of the draft tube is immersed in water .if the atmospheric draft tube is equal to 0.2into velocity head at the outlet of the tube, find (a) pressure head at the inlet and (b) efficiency of the draft tube. [Ans. 4.27m. absolute, 76.3%] ON KAPLAN TURBINE: 1. An axial flow hydraulic turbine has a net head of 23 m. across it, and, when running at a speed of 150 rpm, develops 23MW. The blade tip and hub diameter are 4.75 m. and 2.0 m. respectively. If the hydraulic efficiency is93%and the overall efficiency85%, calculate the inlet and outlet blade angle at the mean radius assuming axial flow at outlet. [Ans. 156.20, 17.20] 2. A Kaplan turbines operating under a net head of 20 m. develop 16MW with an overall efficiency of 80%. The diameter of the runner is 4.2 m. while the hub diameter is 2 m. and the ‘dimensionless power specific speed’ is 3 radian. If the hydraulic efficiency is 90% calculate the inlet and exit angles of the runner blades at the tip and at the hub if the flow leaving the runner is purely axial. [Ans. 163.40, 14.50; 127.60, 28.60]



3. An axial flow turbine with tip and hub diameter 2mand 8m.rotates at 250rpm.the turbine is fitted with fixed stator blades upstream of the rotator and at the mean diameter these are set at 420to the direction of the blades rotation, also at the mean diameter measured from the direction of the blade rotation, the blade angle at the inlet is 1480 (a) Assuming a constant axial velocity across the annulus, what is the flow rate for which the angle of incidence of the rotor blade is zero? (b) Determine the outlet angle of the rotor blade if the whirl component at outlet is zero. [Ans. 17.84m3/s, 20.240] 4. A Kaplan turbine working under ahead of 20m.develop 11.772mw shaft power.the outer diameter of the runner is 3.5m.and hub diameter 1.75mthe guide blade angle at the extreme edge of the runner is 350.the hydraulic and overall efficiency of the turbines are 88% and 84% respectively. if the velocity of the whirls zero at the outlet, determine (a)runner vane angle at inlet and outlet at the extreme edge of the runner .(b)speed of the turbine. [Ans. 78.970, 39.0350, 66.63rpm.] 5. A Kaplan runner is to be designed to develop 7357.5kw shaft power .the net available head is 5.50massume that the speed ratio is 2.09 and flow ratio 0.68,and overall efficiency is 60%.the diameter of the boss is one third of the diameter of the runner .find the diameter of the runner ,its speed and specific speed. [Ans. 6.788m, 2.262m, 6108rpm, Nsp=622 S.I.unit] 6. A Kaplan turbine develop 1471kw under a head of 6m.the turbine is set 2.5m.above tailrace level. A vacuum gauge inserted at the turbine outlet record a suction head of 3.1m.if the turbine efficiency is 85%, what will be the efficiency of the draft tube having inlet diameter of 3m. [Ans. 68.33%] 7. A Kaplan turbine has a vertical conical draft tube. The diameter of the tube on the upper side connected to the outlet of the runner is 0.6m.and that of the tube outlet 0.9m.the tube is running is full with water flowing downward, and it is 6 the top and the bottom points is 0.15 times the velocity head at the top point where the water has a velocity of 6 m/s. Find the water pressure at the top point of the draft tube in kgf/cm2 and meters of water column. [Ans. 0.57 kgf/cm2, 5.7]



ON CENTRIFUGAL PUMP: 1. The impeller of a centrifugal pump has backward-facing blades inclined at 300 to the tangent at impeller outlet. The blades are 20 mm. In depth at the outlet, the impeller is 250 mm in diameter and it rotates at 1450 mm rpm. The flow rate through the pump is 0.028 m3/s and a slip-factor of 0.77b may be assumed. Determine the theoretical head developed by the impeller and the number of impeller blades. [Ans. 23.74m, 8] 2. An impeller with an eye radius of 51 mm and an outside diameter of 406 mm rotates at 900 rpm. The inlet and outlet blade angles measured from the radial flow direction are 750 and 830 respectively; while the blade depth is 64 mm. assuming zero whirl at inlet, zero slip and an hydraulic efficiency of 89%. Calculate, (a) the volume flow-rate through the impeller, (b) the stagnation and static pressure rise across the impeller, (c) the power transferred to the fluid and (d) the input power to the transferred to the impeller. [Ans. 0.0265m3/s,278.5 kpa, 143.5 kpa, 7.13 kW, 8.35 kW] 3. When a laboratory test was carried out a pump, it was found that , for a pump total head of 36m, at a discharge of 0.05m3/s , cavitation began when the sum of static pressure plus the velocity head at inlet was reduced to3.5 m. The atmospheric pressure was 750mm of Hg and the vapour pressure of water 1.8kPa. If the pump is to operate at a location where atmospheric pressure is reduced to 620mm of Hg and the vapour pressure of water is 830Pa, what is the value of the cavitation parameter when the pump develops the same total head and discharge? It is necessary to reduce the height of the pump above the supply, and is so by how much? [Ans. σTH =



= 0.0921; lower by 1.67 m]



4. The impeller of a centrifugal pump has an outer diameter of 250 mm and runs at 25 rev/s. It has 10 blades each 5 mm thick; they are backward-facing at 300 to the tangent and the breadth of the flow passage at outlet is 12.5 mm. Pressure gauges are fitted close to the pump casing on the suction and discharge pipes and both are 2.50 m. above the tail-race level .The suction pipe is 120mm. diameter .When the discharge is 0.026m3/s ,the gauge reading are 4m vacuum and 16.5m respectively .Assuming that there is no whirl at inlet and no slip, estimate the manometric efficiency of the pump and the losses in the impeller ,if 50% of the velocity head at outlet from the impeller is recovered as static head in the volute casing . [Ans. 71.2%, 3.05m.] 5. A single-stage centrifugal pump impeller has an outer diameter of 250mm and a suction and discharge opening are 0.15 m. and 0.125m. respectively. At 24.2 rev/s discharge



0.03m3/s, the pressure head at suction and discharge opening were respectively 4.5m. below and 13.3 m. above atmospheric pressure the measurement points being at the same level .The shaft power was 7.76kw .Water enters the impeller without shock or whirl .Assuming that the true outlet whirl component is 70% of the ideal. Find the overall and manometric efficiencies based on the true wheel component. [Ans. 68.1%, 81.3%] 6. A single stage centrifugal pump is to be used to pump water through a vertical distance of 30 m .at the rate of 45 litre/s .Suction and delivery pipes will have a combined length of 36m. and the friction factor (f) of 0.006. Both will be 150 mm diameter .Loses at valves etc. are estimated to total 2.4 times the velocity head in the pipes The basic diagram of the pump has ‘dimensionless specific speed ‘ of 0.074 rev. forward curved impeller blades with an outlet angle of 1250to the tangent and the width of impeller passages at outlet equal to1/10th of the diameter .The blades themselves occupy 5% of the circumference .If manometric efficiency (neglecting whirl slip) of 75% may be expected , find a suitable impeller diameter . [Ans. 238mm-say 250 mm.] 7. A centrifugal pump having outer diameter equal to two times the inner diameter and running at 1000 rpm .Work against a total head of 40 m. The velocity of flow through the impeller is constant and equal to 2.5 m/s. The vanes are set back at an angle of 400 at outlet. If the outlet diameter of the impeller is 0.5, and width at the outlet is 0.05m, Find (a) vane angle at inlet, (b) work done by impeller (on water) per second and (c) manometric efficiency. [Ans. 10.810, 119.23 kJ/s] 8. A centrifugal pump discharge 0.15m3/s of water against a head of 12.5 m, the speed of impeller being 600 rpm. The outer and inner diameter of impeller are 500 mm and 250 mm respectively and the vanes are bent back at 350 to the tangent at exist. If the area of flow remains 0.07 m2 from inlet to outlet, calculate (a) manometric efficiency, (b) vane angle at the inlet and (c) loss of head at the inlet of impeller when the discharge is reduced by 40% without changing the speed. [Ans.61.8%, 15012’, 0.5m] 9. Show that the pressure rise in the impeller of the centrifugal pump when the frictional and other losses in the impeller are neglected are given by 0.5g [Vf12+U2 + Vf2 cosec2β2] where Vf1 and Vf2 are the velocity of flow at inlet and outlet, U2 is tangential velocity of impeller at outlet and β2 is the vane angle at outlet.



10. Find the rise in pressure in the impeller of a centrifugal pump through water is flowing at the rate of 0.013 m3/s. The internal and the external diameters of the impeller are 0.15m 0.30m respectively. The width of the impeller at inlet and outlet are 1.2cm and 0.6 cm. The pump is running at 1500rpm. The water enters the impellers radially at inlet and impeller vane angle at outlet is 450. Neglect losses through the impeller. [Ans. 28.13m] 11. A centrifugal pump with 1.2m diameter runs at 200rpm. and pumps 180 the tangent to the impeller is 260 and the radial velocity of flow is 2.5 m/s. Determine the manometric efficiency and the least speed to start pumping against a head of 6m., the inner diameter of the impeller being 0.6m. [Ans. 63%, 200 rpm] 12. A three-stage centrifugal pump has impellers 40 cm in diameter and 2cm. Wide at outlet . The vanes are curved backward at the outlet at 450 and reduce the circumferential area by 10%. The manometric efficiency is 90% and the overall efficiency 80%. Determine the head generated by the pump when running at 1000 rpm. Delivering 50 liters/s. What should be the shaft power? [Ans. 107.94m, 66.175KW] 13. Find the power required to drive the centrifugal pump which delivers 0.02m3/s of water to a height of 30 m through a 10 cm diameter (d) and 90 m long (L) pipe. The overall efficiency of the pump is 70% and f=0.009 in the formulae hf = 4fLV2/2gD. Given: V=velocity of flow. [Ans. 11.5 kW] 14. A centrifugal pump running at 750 rpm discharge water at a rate of 56 liters/s against a head of 15m. Find the discharge and the head pumped, if the same pump is running at a speed of 1500rpm. [Ans. 112 liters/s, 60m.]



ON RECIPROCATING PUMPS: 1. A single-acting reciprocating pump having a cylinder diameter of 150 mm and stroke of 300 mm. is used to raise the water through a vertical height of 20m. Its crank rotates at 60rpm. Find the theoretical power required to run the pump and the theoretical discharge. If actual discharge is 5 liters/s, find the percentage slip, If delivery pipe is 100 mm in diameter and is 15m. long. Find the acceleration head at the beginning of the stroke. [Ans. 1.04kW, 0.0053m3/s,5.66%, 20.37m.]



2. A reciprocating pump has a suction head of 6m and delivery head of 15m. It has bore of 150mm and stroke of 250mm and piston makes 60 double strokes in a minute. Calculate the force required to move the piston during (a) suction stroke, (b) delivery stroke. Find also the power required to drive the pump. [Ans. 1.04kN, 2.60kN, 1.81kW] 3. A single-acting reciprocating pump runs at 60rpm. The diameter of piston is 12.5cm and a stroke of 30cm. The centre of the pump is 3.5cm above the water surface of the pump. The suction pipe diameter is 10cm and its length is 4m. Find the pressure heads at the commencement at the end of suction stroke. What conditions on the delivery side will cause 'negative slip'? [Ans. 3.1m and 10.5m of water absolute; 'negative slip' will occur if the pressure on the delivery side is less than 10.5m of water absolute]
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