
_____________________________________________________________________________ 

Instructions: 
(i) Answer all the questions. 
(ii) Write neatly and legibly. 

______________________________________________________________________ 
Part A 

                     (12 M + 8 M + 8 M = 28 Marks)  
1. Consider a fluid entering a pipe at constant velocity. Explain the development of  the 

velocity boundary layer in the pipe with a neat sketch. Your explanation and sketch 

must cover the following: the average velocity of the flow, the velocity boundary 

layer, the irrotational (core) flow region, the hydrodynamic entrance region, the 

hydrodynamic fully developed region, the developing velocity profile and the fully 

developed velocity profile. 
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(b) Classify the flow as subsonic, sonic, supersonic or hypersonic with a reason. 

(c) Distinguish between a nozzle and a diffuser based on inlet and outlet air speeds. 

(d) State whether the speed of air at the outlet of the diffuser is slower, faster or equal 

to its speed at the inlet.

2. Air enters the diffuser shown in Figure 1 with a velocity 

of !  m/s. It is known that the ratio of specific heats 

of air is !  and that its gas constant !  J/kg ! K. 

(a) Determine the speed of sound at !  C and the Mach 

number at the inlet of the diffuser.
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1.4 R = 287 ⋅

25o !  
Figure 1: Air Flowing 
Through a Diffuser

Inlet
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3. Are the statements in (a) thru (d) true or false? Argue your claim in each case. 

(a) Internal flow is driven by gravity while external flow is driven by pressure difference. 

(b) The centrifugal pump is an energy absorbing device. 

(c) A flow dominated by viscous forces and not by inertial forces is a laminar flow. 

(d) We always prefer analytical solutions to computational ones in fluid flow problems. 

Part B 

(11 M + 17 M = 28 Marks) 

4. A fluid is flowing in a ! -mm diameter pipe at an average velocity of !  m/s. The 

density and viscosity of the fluid are !  kg/m!  and !  kg/m! s, 

respectively. Answer the following questions assuming the flow is steady and that 

the length of the pipe is 8 m. 

(a) Determine the Reynolds number and classify the flow as laminar, transitional or 

turbulent based on your answer. 

(b) Determine the pressure drop and head loss in the pipe. 

(c) Determine the pumping power required to overcome this pressure drop. 

5. This question will cover the part of the course related to fluid machinery. 

(a) Distinguish between energy absorbing and energy producing devices. 

(b) Is it correct to say that the purpose of a turbine is to extract energy from a fluid 

resulting in a reduction in its pressure and necessarily resulting in a reduction in its 

speed across the turbine? If it is wrong to say so, then correct this statement.. 

(c) What is a turbomachine? Give one example of an energy absorbing turbomachine 

and one example of an energy producing turbomachine. 

(d) The following questions test your knowledge of the pelton wheel turbine. 

i. Is the flow of water radial, tangential or axial in the pelton wheel turbine? Is this an 

impulse or a reaction turbine? Does it operate under a “high” or a “low” head? 

ii. Sketch the pelton wheel turbine showing its parts, like the runner, buckets, nozzle, 

casing, penstock and the flow control needle. Explain the function and construction 

of these parts. 

iii. Explain the “working principle” of the pelton wheel turbine. 

2 1.2
1000 3 1.6 × 10−3 ⋅

Page !  of !2 3



Part C 

(12 M + 12 M = 24 Marks)    

The End 

6. This question tests you on the equation of linear 

momentum for fully developed, steady, laminar 

flow of an incompressible fluid in a pipe.  

(a) Draw a free body diagram and perform a force 

balance on the ring shaped differential element 

in Figure 2 to derive the equation of linear 

momentum, viz., 

 ! .r
d P
d x

+ d
dr

(τr) = 0

!  
Figure 2: A Ring Shaped 

Differential Element in a Fluid 
Flowing in a Pipe

X<latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit>

O
<latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit><latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit><latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit>

r
<latexit sha1_base64="+bWfWkp5oCSLj29GkVTv3nQe+Y4=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaqlepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuuc2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifP0s7jMk=</latexit><latexit sha1_base64="+bWfWkp5oCSLj29GkVTv3nQe+Y4=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaqlepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuuc2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifP0s7jMk=</latexit><latexit sha1_base64="+bWfWkp5oCSLj29GkVTv3nQe+Y4=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaqlepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuuc2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifP0s7jMk=</latexit>

r
<latexit sha1_base64="+bWfWkp5oCSLj29GkVTv3nQe+Y4=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaqlepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuuc2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifP0s7jMk=</latexit><latexit sha1_base64="+bWfWkp5oCSLj29GkVTv3nQe+Y4=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaqlepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuuc2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifP0s7jMk=</latexit><latexit sha1_base64="+bWfWkp5oCSLj29GkVTv3nQe+Y4=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaqlepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuuc2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifP0s7jMk=</latexit>

dx
<latexit sha1_base64="Wp/6eG95WX1q42+PbX1Op7Pm8Ck=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl262YTdiVhC/4EXDype/Une/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPJsk04z5LZKJbITVcCsV9FCh5K9WcxqHkzXB4PfGbj1wbkah7HKU8iGlfiUgwila66z11K1W35k5BFolXkCoUaHQrX51ewrKYK2SSGtP23BSDnGoUTPJxuZMZnlI2pH3etlTRmJsgn146JsdW6ZEo0bYUkqn6eyKnsTGjOLSdMcWBmfcm4n9eO8PoIsiFSjPkis0WRZkkmJDJ26QnNGcoR5ZQpoW9lbAB1ZShDadsQ/DmX14k/mntsubenlXrV0UaJTiEIzgBD86hDjfQAB8YRPAMr/DmDJ0X5935mLUuOcXMAfyB8/kDEM+NPQ==</latexit><latexit sha1_base64="Wp/6eG95WX1q42+PbX1Op7Pm8Ck=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl262YTdiVhC/4EXDype/Une/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPJsk04z5LZKJbITVcCsV9FCh5K9WcxqHkzXB4PfGbj1wbkah7HKU8iGlfiUgwila66z11K1W35k5BFolXkCoUaHQrX51ewrKYK2SSGtP23BSDnGoUTPJxuZMZnlI2pH3etlTRmJsgn146JsdW6ZEo0bYUkqn6eyKnsTGjOLSdMcWBmfcm4n9eO8PoIsiFSjPkis0WRZkkmJDJ26QnNGcoR5ZQpoW9lbAB1ZShDadsQ/DmX14k/mntsubenlXrV0UaJTiEIzgBD86hDjfQAB8YRPAMr/DmDJ0X5935mLUuOcXMAfyB8/kDEM+NPQ==</latexit><latexit sha1_base64="Wp/6eG95WX1q42+PbX1Op7Pm8Ck=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl262YTdiVhC/4EXDype/Une/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPJsk04z5LZKJbITVcCsV9FCh5K9WcxqHkzXB4PfGbj1wbkah7HKU8iGlfiUgwila66z11K1W35k5BFolXkCoUaHQrX51ewrKYK2SSGtP23BSDnGoUTPJxuZMZnlI2pH3etlTRmJsgn146JsdW6ZEo0bYUkqn6eyKnsTGjOLSdMcWBmfcm4n9eO8PoIsiFSjPkis0WRZkkmJDJ26QnNGcoR5ZQpoW9lbAB1ZShDadsQ/DmX14k/mntsubenlXrV0UaJTiEIzgBD86hDjfQAB8YRPAMr/DmDJ0X5935mLUuOcXMAfyB8/kDEM+NPQ==</latexit>

dr
<latexit sha1_base64="ieG7LDv9c3yS9WrQYPi49pdU/xc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx6rGFtoQ9lsJu3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGHosEYnqBFSj4BI9w43ATqqQxoHAdjC6mfrtJ1SaJ/LBjFP0YzqQPOKMGivdh6pfrbl1dwayTBoFqUGBVr/61QsTlsUoDRNU627DTY2fU2U4Ezip9DKNKWUjOsCupZLGqP18dumEnFglJFGibElDZurviZzGWo/jwHbG1Az1ojcV//O6mYku/ZzLNDMo2XxRlAliEjJ9m4RcITNibAllittbCRtSRZmx4VRsCI3Fl5eJd1a/qrt357XmdZFGGY7gGE6hARfQhFtogQcMIniGV3hzRs6L8+58zFtLTjFzCH/gfP4AB72NNw==</latexit><latexit sha1_base64="ieG7LDv9c3yS9WrQYPi49pdU/xc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx6rGFtoQ9lsJu3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGHosEYnqBFSj4BI9w43ATqqQxoHAdjC6mfrtJ1SaJ/LBjFP0YzqQPOKMGivdh6pfrbl1dwayTBoFqUGBVr/61QsTlsUoDRNU627DTY2fU2U4Ezip9DKNKWUjOsCupZLGqP18dumEnFglJFGibElDZurviZzGWo/jwHbG1Az1ojcV//O6mYku/ZzLNDMo2XxRlAliEjJ9m4RcITNibAllittbCRtSRZmx4VRsCI3Fl5eJd1a/qrt357XmdZFGGY7gGE6hARfQhFtogQcMIniGV3hzRs6L8+58zFtLTjFzCH/gfP4AB72NNw==</latexit><latexit sha1_base64="ieG7LDv9c3yS9WrQYPi49pdU/xc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx6rGFtoQ9lsJu3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGHosEYnqBFSj4BI9w43ATqqQxoHAdjC6mfrtJ1SaJ/LBjFP0YzqQPOKMGivdh6pfrbl1dwayTBoFqUGBVr/61QsTlsUoDRNU627DTY2fU2U4Ezip9DKNKWUjOsCupZLGqP18dumEnFglJFGibElDZurviZzGWo/jwHbG1Az1ojcV//O6mYku/ZzLNDMo2XxRlAliEjJ9m4RcITNibAllittbCRtSRZmx4VRsCI3Fl5eJd1a/qrt357XmdZFGGY7gGE6hARfQhFtogQcMIniGV3hzRs6L8+58zFtLTjFzCH/gfP4AB72NNw==</latexit>R

<latexit sha1_base64="8mW/SPpquRsPaxpRNgPpdBWiGdQ=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMbbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZq3vXKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8a24yp</latexit><latexit sha1_base64="8mW/SPpquRsPaxpRNgPpdBWiGdQ=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMbbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZq3vXKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8a24yp</latexit><latexit sha1_base64="8mW/SPpquRsPaxpRNgPpdBWiGdQ=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMbbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZq3vXKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8a24yp</latexit>

u(r)
<latexit sha1_base64="2UBJAuHWIVPzocSRDVbBuQMCnUQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBfVW9OKxgrGFNpTNdtMu3d2E3Y1QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5Db3O09UaRbLBzNNaCDwSLKIEWxyKa2r80G15jbcOdAq8QpSgwLtQfWrP4xJKqg0hGOte56bmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE10FGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JZfXiX+ReO64d43a62bIo0ynMAp1MGDS2jBHbTBBwJjeIZXeHOE8+K8Ox+L1pJTzBzDHzifP+dsja0=</latexit><latexit sha1_base64="2UBJAuHWIVPzocSRDVbBuQMCnUQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBfVW9OKxgrGFNpTNdtMu3d2E3Y1QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5Db3O09UaRbLBzNNaCDwSLKIEWxyKa2r80G15jbcOdAq8QpSgwLtQfWrP4xJKqg0hGOte56bmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE10FGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JZfXiX+ReO64d43a62bIo0ynMAp1MGDS2jBHbTBBwJjeIZXeHOE8+K8Ox+L1pJTzBzDHzifP+dsja0=</latexit><latexit sha1_base64="2UBJAuHWIVPzocSRDVbBuQMCnUQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBfVW9OKxgrGFNpTNdtMu3d2E3Y1QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5Db3O09UaRbLBzNNaCDwSLKIEWxyKa2r80G15jbcOdAq8QpSgwLtQfWrP4xJKqg0hGOte56bmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE10FGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JZfXiX+ReO64d43a62bIo0ynMAp1MGDS2jBHbTBBwJjeIZXeHOE8+K8Ox+L1pJTzBzDHzifP+dsja0=</latexit>

(b) Assuming the fluid in the pipe is Newtonian make an appropriate modification to the 

shear stress !  in terms of the velocity gradient ! .τ
d u
dr

7. A scaled down model of a car was tested in a 

wind tunnel to study the forces exerted on its 

windshield. In this problem we consider the 

readings from a sensor located at a point on 

its windshield. The direction of the pressure 

force !  and the shear force !  

acting at the point !  are shown in Figure 3.

P ⋅ d A τw ⋅ d A
B

!  
Figure 3: Pressure and Shear Forces 

Acting at a Point B on a Car

P · dA
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The sensor measures the pressure and shear forces to be !  N and !  N, 

respectively. The windshield makes an angle !  with respect to the horizontal. 

Answer the following questions based on this information.  

NOTE: Your final answers representing forces in vector notation should be in terms 

of the unit vectors !  and !  only. If you decide to introduce other unit vectors, you 

must transform all vectors in terms of the !  and !  unit vectors in your final answers. 

(a) Write down the horizontal component of the shear force in vector notation. 

(b) Write down the vertical component of the pressure force in vector notation. 

(c) Write down the drag, lift and resultant forces acting at the point !  in vector notation. 

What are the magnitudes and directions of these forces?

100 40
θ = 45o

̂i ̂j
̂i ̂j
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Solution  
to Q. 1

3. The irrotational (core) flow region has negligible friction effects and a 
constant velocity profile.  

4. The velocity boundary layer gets thicker from the entrance and eventually 
“meets” the centerline. This phenomenon explains the developing 
velocity profile and the fully developed velocity profile shown in the figure. 

5. The region from the entrance to this “meeting point” is called the 
hydrodynamic entrance region. 

6. The flow after this “meeting point” is “fully developed” and is called the 
hydrodynamic fully developed region.

Scheme  
of 

Marking

Explanation of each point - 1 M 
Each of the six points shown in Figure 1 - 1 M

L. O. No. (vi)
Max Time 15 minutes

Figure 1 shows the development of 
the velocity boundary layer in laminar 
flow in a pipe from the entrance of the 
pipe when the fluid is viscous. An 
explanation of Figure 1 is as follows. 
1. The average velocity of the flow is 

shown as !  in the figure. This 
remains the same at all cross 
sections in the pipe. 

2. The velocity boundary layer is the 
region in which shear stresses are 
present due to viscosity.

V̄

� 

Figure 1: The Development of the Velocity 

Boundary Layer in a Pipe

V̄
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<latexit sha1_base64="+LOI2CgupK9goyxIwJL22Eyskl4=">AAAB/3icbVA9SwNBEN3zM8avUwsLm8UgWIWLCGoX1MIyijGBJIS9zVyyZG/v2J0LhuMa/4qNhYqtf8POf+Pmo9DEBwOP92aYmefHUhj0vG9nYXFpeWU1t5Zf39jc2nZ3dh9MlGgOVR7JSNd9ZkAKBVUUKKEea2ChL6Hm969Gfm0A2ohI3eMwhlbIukoEgjO0UtvdbyI8YnoNA5BRDB16B11rZG234BW9Meg8KU1JgUxRabtfzU7EkxAUcsmMaZS8GFsp0yi4hCzfTAzEjPdZFxqWKhaCaaXjBzJ6ZJUODSJtSyEdq78nUhYaMwx92xky7JlZbyT+5zUSDM5bqVBxgqD4ZFGQSIoRHaVBO0IDRzm0hHEt7K2U95hmHG1meRtCafbleVI9KV4UvdvTQvlymkaOHJBDckxK5IyUyQ2pkCrhJCPP5JW8OU/Oi/PufExaF5zpzB75A+fzB5b2lpk=</latexit><latexit sha1_base64="+LOI2CgupK9goyxIwJL22Eyskl4=">AAAB/3icbVA9SwNBEN3zM8avUwsLm8UgWIWLCGoX1MIyijGBJIS9zVyyZG/v2J0LhuMa/4qNhYqtf8POf+Pmo9DEBwOP92aYmefHUhj0vG9nYXFpeWU1t5Zf39jc2nZ3dh9MlGgOVR7JSNd9ZkAKBVUUKKEea2ChL6Hm969Gfm0A2ohI3eMwhlbIukoEgjO0UtvdbyI8YnoNA5BRDB16B11rZG234BW9Meg8KU1JgUxRabtfzU7EkxAUcsmMaZS8GFsp0yi4hCzfTAzEjPdZFxqWKhaCaaXjBzJ6ZJUODSJtSyEdq78nUhYaMwx92xky7JlZbyT+5zUSDM5bqVBxgqD4ZFGQSIoRHaVBO0IDRzm0hHEt7K2U95hmHG1meRtCafbleVI9KV4UvdvTQvlymkaOHJBDckxK5IyUyQ2pkCrhJCPP5JW8OU/Oi/PufExaF5zpzB75A+fzB5b2lpk=</latexit><latexit sha1_base64="+LOI2CgupK9goyxIwJL22Eyskl4=">AAAB/3icbVA9SwNBEN3zM8avUwsLm8UgWIWLCGoX1MIyijGBJIS9zVyyZG/v2J0LhuMa/4qNhYqtf8POf+Pmo9DEBwOP92aYmefHUhj0vG9nYXFpeWU1t5Zf39jc2nZ3dh9MlGgOVR7JSNd9ZkAKBVUUKKEea2ChL6Hm969Gfm0A2ohI3eMwhlbIukoEgjO0UtvdbyI8YnoNA5BRDB16B11rZG234BW9Meg8KU1JgUxRabtfzU7EkxAUcsmMaZS8GFsp0yi4hCzfTAzEjPdZFxqWKhaCaaXjBzJ6ZJUODSJtSyEdq78nUhYaMwx92xky7JlZbyT+5zUSDM5bqVBxgqD4ZFGQSIoRHaVBO0IDRzm0hHEt7K2U95hmHG1meRtCafbleVI9KV4UvdvTQvlymkaOHJBDckxK5IyUyQ2pkCrhJCPP5JW8OU/Oi/PufExaF5zpzB75A+fzB5b2lpk=</latexit>

Irr. (Core) Flow Reg.
<latexit sha1_base64="ZcisaBAhHOhx7erNl2f4jpVtu/4=">AAACBHicbVA9SwNBEN3z2/h1aqnFYhC0OS4iqJ0YEO2iGA0kR9jbTOKSvdtjd04NRxob/4qNhYqtP8LOf+MmXqHRBwOP92aYmRcmUhj0/U9nbHxicmp6ZrYwN7+wuOQur1walWoOVa6k0rWQGZAihioKlFBLNLAolHAVdssD/+oGtBEqvsBeAkHEOrFoC87QSk13vYFwh9mp1h7dKisN2/RYqlt6Dh2v33SLvucPQf+SUk6KJEel6X40WoqnEcTIJTOmXvITDDKmUXAJ/UIjNZAw3mUdqFsaswhMkA2/6NNNq7RoW2lbMdKh+nMiY5ExvSi0nRHDazPqDcT/vHqK7f0gE3GSIsT8e1E7lRQVHURCW0IDR9mzhHEt7K2UXzPNONrgCjaE0ujLf0l1xzvw/LPd4uFRnsYMWSMbZIuUyB45JCekQqqEk3vySJ7Ji/PgPDmvztt365iTz6ySX3DevwD9k5co</latexit><latexit sha1_base64="ZcisaBAhHOhx7erNl2f4jpVtu/4=">AAACBHicbVA9SwNBEN3z2/h1aqnFYhC0OS4iqJ0YEO2iGA0kR9jbTOKSvdtjd04NRxob/4qNhYqtP8LOf+MmXqHRBwOP92aYmRcmUhj0/U9nbHxicmp6ZrYwN7+wuOQur1walWoOVa6k0rWQGZAihioKlFBLNLAolHAVdssD/+oGtBEqvsBeAkHEOrFoC87QSk13vYFwh9mp1h7dKisN2/RYqlt6Dh2v33SLvucPQf+SUk6KJEel6X40WoqnEcTIJTOmXvITDDKmUXAJ/UIjNZAw3mUdqFsaswhMkA2/6NNNq7RoW2lbMdKh+nMiY5ExvSi0nRHDazPqDcT/vHqK7f0gE3GSIsT8e1E7lRQVHURCW0IDR9mzhHEt7K2UXzPNONrgCjaE0ujLf0l1xzvw/LPd4uFRnsYMWSMbZIuUyB45JCekQqqEk3vySJ7Ji/PgPDmvztt365iTz6ySX3DevwD9k5co</latexit><latexit sha1_base64="ZcisaBAhHOhx7erNl2f4jpVtu/4=">AAACBHicbVA9SwNBEN3z2/h1aqnFYhC0OS4iqJ0YEO2iGA0kR9jbTOKSvdtjd04NRxob/4qNhYqtP8LOf+MmXqHRBwOP92aYmRcmUhj0/U9nbHxicmp6ZrYwN7+wuOQur1walWoOVa6k0rWQGZAihioKlFBLNLAolHAVdssD/+oGtBEqvsBeAkHEOrFoC87QSk13vYFwh9mp1h7dKisN2/RYqlt6Dh2v33SLvucPQf+SUk6KJEel6X40WoqnEcTIJTOmXvITDDKmUXAJ/UIjNZAw3mUdqFsaswhMkA2/6NNNq7RoW2lbMdKh+nMiY5ExvSi0nRHDazPqDcT/vHqK7f0gE3GSIsT8e1E7lRQVHURCW0IDR9mzhHEt7K2UXzPNONrgCjaE0ujLf0l1xzvw/LPd4uFRnsYMWSMbZIuUyB45JCekQqqEk3vySJ7Ji/PgPDmvztt365iTz6ySX3DevwD9k5co</latexit>

Vel. Bd. Lay.
<latexit sha1_base64="NtZL/CLU9rsXBWGhrEU93Y1sUnU=">AAAB/HicbVDLTgJBEJzFF+Jrfdy8TCQmnjaLMVFvBC8ePGDiAgkQMjs0MGH2kZleI26Iv+LFgxqvfog3/8YB9qBgJZ1UqrrT3eXHUmh03W8rt7S8srqWXy9sbG5t79i7ezUdJYqDxyMZqYbPNEgRgocCJTRiBSzwJdT94dXEr9+D0iIK73AUQztg/VD0BGdopI590EJ4wLQG0qGVrkNv2MgZd+yi67hT0EVSykiRZKh27K9WN+JJACFyybRultwY2ylTKLiEcaGVaIgZH7I+NA0NWQC6nU6vH9Njo3RpL1KmQqRT9fdEygKtR4FvOgOGAz3vTcT/vGaCvYt2KsI4QQj5bFEvkRQjOomCdoUCjnJkCONKmFspHzDFOJrACiaE0vzLi8Q7dS4d9/asWK5kaeTJITkiJ6REzkmZXJMq8Qgnj+SZvJI368l6sd6tj1lrzspm9skfWJ8/cN6UHA==</latexit><latexit sha1_base64="NtZL/CLU9rsXBWGhrEU93Y1sUnU=">AAAB/HicbVDLTgJBEJzFF+Jrfdy8TCQmnjaLMVFvBC8ePGDiAgkQMjs0MGH2kZleI26Iv+LFgxqvfog3/8YB9qBgJZ1UqrrT3eXHUmh03W8rt7S8srqWXy9sbG5t79i7ezUdJYqDxyMZqYbPNEgRgocCJTRiBSzwJdT94dXEr9+D0iIK73AUQztg/VD0BGdopI590EJ4wLQG0qGVrkNv2MgZd+yi67hT0EVSykiRZKh27K9WN+JJACFyybRultwY2ylTKLiEcaGVaIgZH7I+NA0NWQC6nU6vH9Njo3RpL1KmQqRT9fdEygKtR4FvOgOGAz3vTcT/vGaCvYt2KsI4QQj5bFEvkRQjOomCdoUCjnJkCONKmFspHzDFOJrACiaE0vzLi8Q7dS4d9/asWK5kaeTJITkiJ6REzkmZXJMq8Qgnj+SZvJI368l6sd6tj1lrzspm9skfWJ8/cN6UHA==</latexit><latexit sha1_base64="NtZL/CLU9rsXBWGhrEU93Y1sUnU=">AAAB/HicbVDLTgJBEJzFF+Jrfdy8TCQmnjaLMVFvBC8ePGDiAgkQMjs0MGH2kZleI26Iv+LFgxqvfog3/8YB9qBgJZ1UqrrT3eXHUmh03W8rt7S8srqWXy9sbG5t79i7ezUdJYqDxyMZqYbPNEgRgocCJTRiBSzwJdT94dXEr9+D0iIK73AUQztg/VD0BGdopI590EJ4wLQG0qGVrkNv2MgZd+yi67hT0EVSykiRZKh27K9WN+JJACFyybRultwY2ylTKLiEcaGVaIgZH7I+NA0NWQC6nU6vH9Njo3RpL1KmQqRT9fdEygKtR4FvOgOGAz3vTcT/vGaCvYt2KsI4QQj5bFEvkRQjOomCdoUCjnJkCONKmFspHzDFOJrACiaE0vzLi8Q7dS4d9/asWK5kaeTJITkiJ6REzkmZXJMq8Qgnj+SZvJI368l6sd6tj1lrzspm9skfWJ8/cN6UHA==</latexit> Fully Dvlpd.

<latexit sha1_base64="NejswRsRDOh+3fCyQ/5VTST6ej0=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSyCp5CIoN6KinisYGyhDWWz2bRLNx/sTooh1L/ixYOKV/+IN/+N2zYHrT4YeLw3w8w8PxVcgW1/GZWl5ZXVtep6bWNza3vH3N27V0kmKXNpIhLZ8YligsfMBQ6CdVLJSOQL1vZHl1O/PWZS8SS+gzxlXkQGMQ85JaClvlnvAXuA4joTIsdXY5EG1qRvNmzLngH/JU5JGqhEq29+9oKEZhGLgQqiVNexU/AKIoFTwSa1XqZYSuiIDFhX05hETHnF7PgJPtRKgMNE6ooBz9SfEwWJlMojX3dGBIZq0ZuK/3ndDMIzr+BxmgGL6XxRmAkMCZ4mgQMuGQX9dsAJlVzfiumQSEJB51XTITiLL/8l7rF1btm3J43mRZlGFe2jA3SEHHSKmugGtZCLKMrRE3pBr8aj8Wy8Ge/z1opRztTRLxgf3y+qlKk=</latexit><latexit sha1_base64="NejswRsRDOh+3fCyQ/5VTST6ej0=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSyCp5CIoN6KinisYGyhDWWz2bRLNx/sTooh1L/ixYOKV/+IN/+N2zYHrT4YeLw3w8w8PxVcgW1/GZWl5ZXVtep6bWNza3vH3N27V0kmKXNpIhLZ8YligsfMBQ6CdVLJSOQL1vZHl1O/PWZS8SS+gzxlXkQGMQ85JaClvlnvAXuA4joTIsdXY5EG1qRvNmzLngH/JU5JGqhEq29+9oKEZhGLgQqiVNexU/AKIoFTwSa1XqZYSuiIDFhX05hETHnF7PgJPtRKgMNE6ooBz9SfEwWJlMojX3dGBIZq0ZuK/3ndDMIzr+BxmgGL6XxRmAkMCZ4mgQMuGQX9dsAJlVzfiumQSEJB51XTITiLL/8l7rF1btm3J43mRZlGFe2jA3SEHHSKmugGtZCLKMrRE3pBr8aj8Wy8Ge/z1opRztTRLxgf3y+qlKk=</latexit><latexit sha1_base64="NejswRsRDOh+3fCyQ/5VTST6ej0=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSyCp5CIoN6KinisYGyhDWWz2bRLNx/sTooh1L/ixYOKV/+IN/+N2zYHrT4YeLw3w8w8PxVcgW1/GZWl5ZXVtep6bWNza3vH3N27V0kmKXNpIhLZ8YligsfMBQ6CdVLJSOQL1vZHl1O/PWZS8SS+gzxlXkQGMQ85JaClvlnvAXuA4joTIsdXY5EG1qRvNmzLngH/JU5JGqhEq29+9oKEZhGLgQqiVNexU/AKIoFTwSa1XqZYSuiIDFhX05hETHnF7PgJPtRKgMNE6ooBz9SfEwWJlMojX3dGBIZq0ZuK/3ndDMIzr+BxmgGL6XxRmAkMCZ4mgQMuGQX9dsAJlVzfiumQSEJB51XTITiLL/8l7rF1btm3J43mRZlGFe2jA3SEHHSKmugGtZCLKMrRE3pBr8aj8Wy8Ge/z1opRztTRLxgf3y+qlKk=</latexit>

Prfl.
<latexit sha1_base64="3Lx901og9TDDXBr9VTEoJ5sV9FY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgKSQiqLeiF48VjC00oWy2m3bpZhN2J2IJ/RtePKh49dd489+4bXPQ1gcDj/dmmJkXZYJrdN1vq7Kyura+Ud2sbW3v7O7V9w8edJorynyailR1IqKZ4JL5yFGwTqYYSSLB2tHoZuq3H5nSPJX3OM5YmJCB5DGnBI0UBMiesGipWDiTXr3hOu4M9jLxStKAEq1e/SvopzRPmEQqiNZdz80wLIhCTgWb1IJcs4zQERmwrqGSJEyHxezmiX1ilL4dp8qURHum/p4oSKL1OIlMZ0JwqBe9qfif180xvgwLLrMcmaTzRXEubEztaQB2nytGUYwNIVRxc6tNh0QRiiammgnBW3x5mfhnzpXj3p03mtdlGlU4gmM4BQ8uoAm30AIfKGTwDK/wZuXWi/VufcxbK1Y5cwh/YH3+AKgEkaA=</latexit><latexit sha1_base64="3Lx901og9TDDXBr9VTEoJ5sV9FY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgKSQiqLeiF48VjC00oWy2m3bpZhN2J2IJ/RtePKh49dd489+4bXPQ1gcDj/dmmJkXZYJrdN1vq7Kyura+Ud2sbW3v7O7V9w8edJorynyailR1IqKZ4JL5yFGwTqYYSSLB2tHoZuq3H5nSPJX3OM5YmJCB5DGnBI0UBMiesGipWDiTXr3hOu4M9jLxStKAEq1e/SvopzRPmEQqiNZdz80wLIhCTgWb1IJcs4zQERmwrqGSJEyHxezmiX1ilL4dp8qURHum/p4oSKL1OIlMZ0JwqBe9qfif180xvgwLLrMcmaTzRXEubEztaQB2nytGUYwNIVRxc6tNh0QRiiammgnBW3x5mfhnzpXj3p03mtdlGlU4gmM4BQ8uoAm30AIfKGTwDK/wZuXWi/VufcxbK1Y5cwh/YH3+AKgEkaA=</latexit><latexit sha1_base64="3Lx901og9TDDXBr9VTEoJ5sV9FY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgKSQiqLeiF48VjC00oWy2m3bpZhN2J2IJ/RtePKh49dd489+4bXPQ1gcDj/dmmJkXZYJrdN1vq7Kyura+Ud2sbW3v7O7V9w8edJorynyailR1IqKZ4JL5yFGwTqYYSSLB2tHoZuq3H5nSPJX3OM5YmJCB5DGnBI0UBMiesGipWDiTXr3hOu4M9jLxStKAEq1e/SvopzRPmEQqiNZdz80wLIhCTgWb1IJcs4zQERmwrqGSJEyHxezmiX1ilL4dp8qURHum/p4oSKL1OIlMZ0JwqBe9qfif180xvgwLLrMcmaTzRXEubEztaQB2nytGUYwNIVRxc6tNh0QRiiammgnBW3x5mfhnzpXj3p03mtdlGlU4gmM4BQ8uoAm30AIfKGTwDK/wZuXWi/VufcxbK1Y5cwh/YH3+AKgEkaA=</latexit>

Dvlping. Vel. Prfl.
<latexit sha1_base64="dh0Mm4mjeqIEFfyxIhJuaXl9+w8=">AAACAnicbVDLSgNBEJyNrxhfUW96GQyCp2UjgnoL6sFjBPOAJITZSW8yZHZ2mekNhiXgxV/x4kHFq1/hzb9x8jhoYkFDUdVNd5cfS2HQ876dzNLyyupadj23sbm1vZPf3auaKNEcKjySka77zIAUCiooUEI91sBCX0LN71+P/doAtBGRusdhDK2QdZUIBGdopXb+oInwgOnNQMZCdV1aBenSsg6kO2rnC57rTUAXSXFGCmSGcjv/1exEPAlBIZfMmEbRi7GVMo2CSxjlmomBmPE+60LDUsVCMK108sOIHlulQ4NI21JIJ+rviZSFxgxD33aGDHtm3huL/3mNBIOLVipUnCAoPl0UJJJiRMeB0I7QwFEOLWFcC3sr5T2mGUcbW86GUJx/eZFUTt1L17s7K5SuZmlkySE5IiekSM5JidySMqkQTh7JM3klb86T8+K8Ox/T1owzm9knf+B8/gB5Y5b0</latexit><latexit sha1_base64="dh0Mm4mjeqIEFfyxIhJuaXl9+w8=">AAACAnicbVDLSgNBEJyNrxhfUW96GQyCp2UjgnoL6sFjBPOAJITZSW8yZHZ2mekNhiXgxV/x4kHFq1/hzb9x8jhoYkFDUdVNd5cfS2HQ876dzNLyyupadj23sbm1vZPf3auaKNEcKjySka77zIAUCiooUEI91sBCX0LN71+P/doAtBGRusdhDK2QdZUIBGdopXb+oInwgOnNQMZCdV1aBenSsg6kO2rnC57rTUAXSXFGCmSGcjv/1exEPAlBIZfMmEbRi7GVMo2CSxjlmomBmPE+60LDUsVCMK108sOIHlulQ4NI21JIJ+rviZSFxgxD33aGDHtm3huL/3mNBIOLVipUnCAoPl0UJJJiRMeB0I7QwFEOLWFcC3sr5T2mGUcbW86GUJx/eZFUTt1L17s7K5SuZmlkySE5IiekSM5JidySMqkQTh7JM3klb86T8+K8Ox/T1owzm9knf+B8/gB5Y5b0</latexit><latexit sha1_base64="dh0Mm4mjeqIEFfyxIhJuaXl9+w8=">AAACAnicbVDLSgNBEJyNrxhfUW96GQyCp2UjgnoL6sFjBPOAJITZSW8yZHZ2mekNhiXgxV/x4kHFq1/hzb9x8jhoYkFDUdVNd5cfS2HQ876dzNLyyupadj23sbm1vZPf3auaKNEcKjySka77zIAUCiooUEI91sBCX0LN71+P/doAtBGRusdhDK2QdZUIBGdopXb+oInwgOnNQMZCdV1aBenSsg6kO2rnC57rTUAXSXFGCmSGcjv/1exEPAlBIZfMmEbRi7GVMo2CSxjlmomBmPE+60LDUsVCMK108sOIHlulQ4NI21JIJ+rviZSFxgxD33aGDHtm3huL/3mNBIOLVipUnCAoPl0UJJJiRMeB0I7QwFEOLWFcC3sr5T2mGUcbW86GUJx/eZFUTt1L17s7K5SuZmlkySE5IiekSM5JidySMqkQTh7JM3klb86T8+K8Ox/T1owzm9knf+B8/gB5Y5b0</latexit>
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Part B 
(11 M + 17 M = 28 Marks)  

Solution  
to Q. 2

Scheme  
of 

Marking

Note: Evaluators may choose to deduct to a maximum of half a mark for 
incorrect units in the entire solution to this problem.  

Formulas - 2M, Final answers - 2 M 
Classifying the flow - 1 M 
Nozzles accelerate flow - 1 M, Diffusers decelerate flow - 1 M, 
Saying that the air speed at the outlet of the diffuser is lower - 1 M

L. O. No. (viii)
Max Time 15 minutes

Solution  
to Q. 3

(a) False! Internal flow is driven by pressure difference while external flow is 
driven by gravity. 

(b) True! A centrifugal pump absorbs energy to raise the pressure of a fluid. 
(c) True! Flows dominated by viscous forces have low Reynolds numbers 

which correspond to laminar flows. 
(d) True! Analytical solutions are exact while computational solutions are 

approximate.
Scheme  

of 
Marking

Correct truth value - 1 M 
Correct explanation - 1 M

L. O. No. (vi), (vii) and (ix)
Max Time 10 minutes

(a) The speed of sound at the conditions given is  
!  = ! !  m/s. 

The Mach number at the inlet to the diffuser is Ma! ! . 

(b) The flow is subsonic because the Mach number Ma! . 
(c) Flow is accelerated in an nozzle. Therefore, the air speed at the outlet of 

a nozzle is faster than the air speed at its inlet. A diffuser, on the other 
hand, is used to decelerate flow. Therefore, the air speed at the outlet of 
a diffuser is slower than the air speed at its inlet. 

(d) From (c) we conclude that the air speed at the outlet of the diffuser in 
Figure 1 is lower than !  m/s.

c = kRT 1.4 ⋅ 287 ⋅ (273 + 25) ≈ 346
= 165

346 ≈ 0.48
≈ 0.48 < 1

165

Solution  
to Q. 4

(a) The Reynolds number of the flow is 

! . 

Since this Reynolds number !  the flow is laminar. 
(b) The pressure drop in the pipe is 

!  Pa. 

The head loss corresponding to this loss in pressure is 

!  m. 

ℛe = ρV̄D
μ

= 1000 ⋅ 1.2 ⋅ 0.002
1.6 × 10−3 = 1500

ℛe < 2300

ΔP = 8μLV̄
R2 = 8 ⋅ 1.6 × 10−3 ⋅ 8 ⋅ 1.2

0.0012 = 1,22,880

h L = ΔP
ρg

= 1,22880
1000 ⋅ 9.81 ≈ 12.53
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Solution  
to Q. 4 

Continues

Scheme  
of 

Marking

Note: Evaluators may choose to deduct to a maximum of half a mark for 
incorrect units in the entire solution to this problem. 

Correctly expressing the pipe diameter in meters - 1 M 
Each formula - 1M, final answers - 1 M 
Classifying the flow - 1 M, giving the correct reason for it - 1 M

L. O. No. (vi)
Max Time 15 minutes

Solution  
to Q. 5

(a) A fluid machine is called an energy absorbing device when energy is 
supplied to this machine and it transfers most of this energy to a fluid, 
usually via a rotating shaft. The increase in energy of the fluid is usually 
felt as an increase in pressure of the fluid. An energy producing device 
extracts energy from a fluid and transfers most of this energy to some 
form of mechanical energy output, usually as a rotating shaft. 

(b) It is incorrect to say so. A correct statement would be: The purpose of a 
turbine is to extract energy from a fluid resulting in a reduction in its 
pressure and not necessarily resulting in a reduction in its speed across 
the turbine. 

(c) Pumps and turbines in which energy is supplied or extracted by a 
rotating shaft is called a turbomachine. A centrifugal pump is an example 
of an energy absorbing turbomachine. A wind turbine is an example of 
an energy producing turbomachine. 

(d) The answers to this part of the question are as follows. 
(i) The pelton wheel turbine is a tangential flow, impulse turbine that 

usually operates under a high head. 
(ii) The construction of a pelton wheel turbine is shown in Figure 2. We 

now discuss each of the parts. 
The runner is a disc which has blades or buckets or Pelton cups 
attached to its rim. 
The buckets on the runner are hemispherical in shape. The impact of 
water on the buckets makes the runner rotate.

The loss in pressure can also be calculated using !  

where the Darcy friction factor ! . This formula also gives us 

!  Pa. 

We get the same head loss !  m. 
(c) The pumping power required to overcome the loss in pressure of !
!  Pa is given by 
!  W. 

ΔP = f
L
D

ρV̄ 2

2
f = 64

ℛe
ΔP = 64

1500 ⋅ 8
0.002 ⋅ 1000 ⋅ 1.22

2 = 1,22,880
h L = 12.53

ΔP
= 1,22,880·Wpump = V̄ ⋅ (πR2) ⋅ ΔP = 1.2 ⋅ (π ⋅ 0.0012) ⋅ 122880 ≈ 0.46
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Part C 
(12 M + 12 M = 24 Marks)  

Solution  
to Q. 5 

Continues

The nozzle is a circular guide 
mechanism which guides the water 
to flow in a desired direction. 
The casing made of cast iron or alloy 
steel provides safety against 
accidents. 
The penstock is a pipe through 
which water with high potential 
energy from a reservoir. 
A needle regulates the flow through 
the nozzle.

(iii) The working principle of the pelton turbine is explained as follows. The 
nozzle increases the kinetic energy of water from the inlet to outlet. This 
water hits the buckets on the runner causing the runner rotate. This 
rotation is  caused due to the “impulse action” of the water. 

Scheme  
of 

Marking

Energy absorbing device - 1 M, energy producing device - 1 M 
Stating the statement in (b) is wrong and correcting it - 1 M 
Definition of turbomachinery - 1 M, Two examples - 1 M 
Answer to (d)-(i) - 1 M 
Sketch of the turbine showing all the six parts listed in the question - 3 M 
Explanation of the six parts - 6 M 
Explanation of the working principle of the pelton wheel turbine - 2 M

L. O. No. (ix)
Max Time 20 minutes

  
Figure 2: The Construction of a 

Pelton Wheel Turbine

 
22. Pelton Wheel 
 

The Pelton wheel, also called as Pelton turbine is a tangential flow impulse turbine used 

for high heads of water. It consists of a runner on which the blades or buckets (Pelton cups) are 

fixed, nozzle, flow controlling needle as shown in figure 2.16(a). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a) Parts of a Pelton wheel   

(i) Runner: It is a disc on which blades or buckets (Pelton cups) are fixed to the rim of it.  
 

(ii) Buckets: These are made of bronze or stainless steel. These are in the form of 
hemispherical cups. The impact of water on the surface of buckets produces a force which 

causes the runner to start rotating.  
 

(iii)Nozzle: It is a circular guide mechanism which guides the water to flow at a designed 
direction. The water in the form of jet strikes from the nozzle.  

 
(iv) Casing: The casing is generally made up of cast iron or alloy steel. Particularly, it has no 

function to perform but it is used as a safeguard against accidents.  
 
 
 

Solution  
to Q. 6 (a)

�
Figure 3: Free Body Diagram of the Ring 
Shaped Differential Element Given in the 

Question

(⌧ · 2⇡rdx)r
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Figure 3 shows the free body 
diagram of the di fferent ia l 
e lement sugges ted in the 
question. Since the flow is steady 
the acceleration of the element 
along the ! axis is zero. 
Therefore, Newton’s

X−

second law reduces to ! . Applying this law to the element gives us 
! .  
We rewrite this as follows 
!  
!   

Dividing this by !  gives us !  

!  and then we get !  This is the 

equation of linear momentum for fully developed, steady, laminar flow of a 
viscous fluid in a pipe. 

ΣFX = 0
(P ⋅ 2πrdr)x − (P ⋅ 2πrdr)x+ d x + (τ ⋅ 2πrd x)r − (τ ⋅ 2πrd x)r+ dr = 0

Px ⋅ 2πrdr − Px+ d x ⋅ 2πrdr + (τr)r ⋅ 2πd x − (τr)r+ dr ⋅ 2πd x = 0,
(Px − Px+ d x)2πrdr + [(τr)r − (τr)r+ dr]2πd x = 0.

2πdrd x r
Px − Px+ d x

d x
+

(τr)r − (τr)r+ dr

dr
= 0,

−r
d P
d x

− d (τr)
dr

= 0, r
d P
d x

+ d (τr)
dr

= 0.
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Solution  
to Q. 6 (b)

Scheme  
of 

Marking

Each force on the free body diagram - 1 M 
Referring to Newton’s second law with or without acceleration - 1 M 
Applying the law to the element to get the first equation - 2 M 
Reducing this first equation to the one given in the question - 2 M 
Mathematical relation for a Newtonian fluid - 1 M 
Having the right sign in the relation for Newtonian fluids - 1 M 
Final equation even without “going a step further” - 1 M

L. O. No. (vi)
Max Time 20 minutes

Solution  
to Q. 7

For a Newtonian fluid we have !  We know !  from ! . So 

we must write !  in the equation of linear momentum we have 

derived in (a). Doing this gives us !  We can go a 

step further by assuming the viscosity !  of the fluid in the pipe is constant to 

get !

τ = μ
d u
dr

. d u
dr

< 0 u (r)

τ = − μ
d u
dr

r
d P
d x

+ d
dr

(μr
d u
dr

) = 0.
μ

r
d P
d x

+ μ
d
dr

(r d u
dr

) = 0.

  
Figure 4: The Forces Acting on the 

Windshield of the Car

45o
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100N
<latexit sha1_base64="f9yDLPUS7ivb6/I9z5yaCGNKBq4=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEIHqRsRFBvRS+epIKxhSaUzXbTLt18sDsRa+gv8eJBxat/xZv/xm2bg7Y+GHi8N8PMvCCVQgMh31ZpaXllda28XtnY3Nqu2ju79zrJFOMuS2Si2gHVXIqYuyBA8naqOI0CyVvB8Gritx640iKJ72CUcj+i/ViEglEwUteuOoRg7xh7wB8hvxl37RqpkynwInEKUkMFml37y+slLIt4DExSrTsOScHPqQLBJB9XvEzzlLIh7fOOoTGNuPbz6eFjfGiUHg4TZSoGPFV/T+Q00noUBaYzojDQ895E/M/rZBCe+7mI0wx4zGaLwkxiSPAkBdwTijOQI0MoU8LcitmAKsrAZFUxITjzLy8S96R+USe3p7XGZZFGGe2jA3SEHHSGGugaNZGLGMrQM3pFb9aT9WK9Wx+z1pJVzOyhP7A+fwBk+ZHU</latexit><latexit sha1_base64="f9yDLPUS7ivb6/I9z5yaCGNKBq4=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEIHqRsRFBvRS+epIKxhSaUzXbTLt18sDsRa+gv8eJBxat/xZv/xm2bg7Y+GHi8N8PMvCCVQgMh31ZpaXllda28XtnY3Nqu2ju79zrJFOMuS2Si2gHVXIqYuyBA8naqOI0CyVvB8Gritx640iKJ72CUcj+i/ViEglEwUteuOoRg7xh7wB8hvxl37RqpkynwInEKUkMFml37y+slLIt4DExSrTsOScHPqQLBJB9XvEzzlLIh7fOOoTGNuPbz6eFjfGiUHg4TZSoGPFV/T+Q00noUBaYzojDQ895E/M/rZBCe+7mI0wx4zGaLwkxiSPAkBdwTijOQI0MoU8LcitmAKsrAZFUxITjzLy8S96R+USe3p7XGZZFGGe2jA3SEHHSGGugaNZGLGMrQM3pFb9aT9WK9Wx+z1pJVzOyhP7A+fwBk+ZHU</latexit><latexit sha1_base64="f9yDLPUS7ivb6/I9z5yaCGNKBq4=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEIHqRsRFBvRS+epIKxhSaUzXbTLt18sDsRa+gv8eJBxat/xZv/xm2bg7Y+GHi8N8PMvCCVQgMh31ZpaXllda28XtnY3Nqu2ju79zrJFOMuS2Si2gHVXIqYuyBA8naqOI0CyVvB8Gritx640iKJ72CUcj+i/ViEglEwUteuOoRg7xh7wB8hvxl37RqpkynwInEKUkMFml37y+slLIt4DExSrTsOScHPqQLBJB9XvEzzlLIh7fOOoTGNuPbz6eFjfGiUHg4TZSoGPFV/T+Q00noUBaYzojDQ895E/M/rZBCe+7mI0wx4zGaLwkxiSPAkBdwTijOQI0MoU8LcitmAKsrAZFUxITjzLy8S96R+USe3p7XGZZFGGe2jA3SEHHSGGugaNZGLGMrQM3pFb9aT9WK9Wx+z1pJVzOyhP7A+fwBk+ZHU</latexit>

O
<latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit><latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit><latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit>

X
<latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit>

Y
<latexit sha1_base64="82IsHSv6nXAOk+/AhqxBVg6IPpE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbShrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8lcIyw</latexit><latexit sha1_base64="82IsHSv6nXAOk+/AhqxBVg6IPpE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbShrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8lcIyw</latexit><latexit sha1_base64="82IsHSv6nXAOk+/AhqxBVg6IPpE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbShrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8lcIyw</latexit>

100 cos 45o
<latexit sha1_base64="dmVOI9lIhq1P/htBSJc3nKAkzeE=">AAAB83icbVBNTwIxEJ3FL8Qv1KOXRmLiiXQNRr0RvXjExBUSWEm3dKGhu13bLgnZ8Du8eFDj1T/jzX9jgT0o+JJJXt6bycy8IBFcG4y/ncLK6tr6RnGztLW9s7tX3j940DJVlHlUCqlaAdFM8Jh5hhvBWoliJAoEawbDm6nfHDGluYzvzThhfkT6MQ85JcZKvosx6lCpUe38UXbLFVzFM6Bl4uakAjka3fJXpydpGrHYUEG0brs4MX5GlOFUsEmpk2qWEDokfda2NCYR0342O3qCTqzSQ6FUtmKDZurviYxEWo+jwHZGxAz0ojcV//PaqQkv/YzHSWpYTOeLwlQgI9E0AdTjilEjxpYQqri9FdEBUYQam1PJhuAuvrxMvLPqVRXf1Sr16zyNIhzBMZyCCxdQh1togAcUnuAZXuHNGTkvzrvzMW8tOPnMIfyB8/kD9Q2Qdw==</latexit><latexit sha1_base64="dmVOI9lIhq1P/htBSJc3nKAkzeE=">AAAB83icbVBNTwIxEJ3FL8Qv1KOXRmLiiXQNRr0RvXjExBUSWEm3dKGhu13bLgnZ8Du8eFDj1T/jzX9jgT0o+JJJXt6bycy8IBFcG4y/ncLK6tr6RnGztLW9s7tX3j940DJVlHlUCqlaAdFM8Jh5hhvBWoliJAoEawbDm6nfHDGluYzvzThhfkT6MQ85JcZKvosx6lCpUe38UXbLFVzFM6Bl4uakAjka3fJXpydpGrHYUEG0brs4MX5GlOFUsEmpk2qWEDokfda2NCYR0342O3qCTqzSQ6FUtmKDZurviYxEWo+jwHZGxAz0ojcV//PaqQkv/YzHSWpYTOeLwlQgI9E0AdTjilEjxpYQqri9FdEBUYQam1PJhuAuvrxMvLPqVRXf1Sr16zyNIhzBMZyCCxdQh1togAcUnuAZXuHNGTkvzrvzMW8tOPnMIfyB8/kD9Q2Qdw==</latexit><latexit sha1_base64="dmVOI9lIhq1P/htBSJc3nKAkzeE=">AAAB83icbVBNTwIxEJ3FL8Qv1KOXRmLiiXQNRr0RvXjExBUSWEm3dKGhu13bLgnZ8Du8eFDj1T/jzX9jgT0o+JJJXt6bycy8IBFcG4y/ncLK6tr6RnGztLW9s7tX3j940DJVlHlUCqlaAdFM8Jh5hhvBWoliJAoEawbDm6nfHDGluYzvzThhfkT6MQ85JcZKvosx6lCpUe38UXbLFVzFM6Bl4uakAjka3fJXpydpGrHYUEG0brs4MX5GlOFUsEmpk2qWEDokfda2NCYR0342O3qCTqzSQ6FUtmKDZurviYxEWo+jwHZGxAz0ojcV//PaqQkv/YzHSWpYTOeLwlQgI9E0AdTjilEjxpYQqri9FdEBUYQam1PJhuAuvrxMvLPqVRXf1Sr16zyNIhzBMZyCCxdQh1togAcUnuAZXuHNGTkvzrvzMW8tOPnMIfyB8/kD9Q2Qdw==</latexit>

100 sin 45o
<latexit sha1_base64="7ewo2Zmpxo4hJ3Ib4f4hs6P1KqM=">AAAB83icbVBNTwIxEJ3FL8Qv1KOXRmLiiewajHojevGIiSsksJJu6UJDt13bLgnZ8Du8eFDj1T/jzX9jgT0o+JJJXt6bycy8MOFMG9f9dgorq2vrG8XN0tb2zu5eef/gQctUEeoTyaVqhVhTzgT1DTOcthJFcRxy2gyHN1O/OaJKMynuzTihQYz7gkWMYGOlwHNd1NFMoNr5o+yWK27VnQEtEy8nFcjR6Ja/Oj1J0pgKQzjWuu25iQkyrAwjnE5KnVTTBJMh7tO2pQLHVAfZ7OgJOrFKD0VS2RIGzdTfExmOtR7Hoe2MsRnoRW8q/ue1UxNdBhkTSWqoIPNFUcqRkWiaAOoxRYnhY0swUczeisgAK0yMzalkQ/AWX14m/ln1qure1Sr16zyNIhzBMZyCBxdQh1togA8EnuAZXuHNGTkvzrvzMW8tOPnMIfyB8/kD/M+QfA==</latexit><latexit sha1_base64="7ewo2Zmpxo4hJ3Ib4f4hs6P1KqM=">AAAB83icbVBNTwIxEJ3FL8Qv1KOXRmLiiewajHojevGIiSsksJJu6UJDt13bLgnZ8Du8eFDj1T/jzX9jgT0o+JJJXt6bycy8MOFMG9f9dgorq2vrG8XN0tb2zu5eef/gQctUEeoTyaVqhVhTzgT1DTOcthJFcRxy2gyHN1O/OaJKMynuzTihQYz7gkWMYGOlwHNd1NFMoNr5o+yWK27VnQEtEy8nFcjR6Ja/Oj1J0pgKQzjWuu25iQkyrAwjnE5KnVTTBJMh7tO2pQLHVAfZ7OgJOrFKD0VS2RIGzdTfExmOtR7Hoe2MsRnoRW8q/ue1UxNdBhkTSWqoIPNFUcqRkWiaAOoxRYnhY0swUczeisgAK0yMzalkQ/AWX14m/ln1qure1Sr16zyNIhzBMZyCBxdQh1togA8EnuAZXuHNGTkvzrvzMW8tOPnMIfyB8/kD/M+QfA==</latexit><latexit sha1_base64="7ewo2Zmpxo4hJ3Ib4f4hs6P1KqM=">AAAB83icbVBNTwIxEJ3FL8Qv1KOXRmLiiewajHojevGIiSsksJJu6UJDt13bLgnZ8Du8eFDj1T/jzX9jgT0o+JJJXt6bycy8MOFMG9f9dgorq2vrG8XN0tb2zu5eef/gQctUEeoTyaVqhVhTzgT1DTOcthJFcRxy2gyHN1O/OaJKMynuzTihQYz7gkWMYGOlwHNd1NFMoNr5o+yWK27VnQEtEy8nFcjR6Ja/Oj1J0pgKQzjWuu25iQkyrAwjnE5KnVTTBJMh7tO2pQLHVAfZ7OgJOrFKD0VS2RIGzdTfExmOtR7Hoe2MsRnoRW8q/ue1UxNdBhkTSWqoIPNFUcqRkWiaAOoxRYnhY0swUczeisgAK0yMzalkQ/AWX14m/ln1qure1Sr16zyNIhzBMZyCBxdQh1togA8EnuAZXuHNGTkvzrvzMW8tOPnMIfyB8/kD/M+QfA==</latexit>

45o
<latexit sha1_base64="Djg/1iSMn9Xsgoku80GL20/1rwk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkot6KXjxWMLbQxrLZbtqlm92wuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dkorq2vrG+XNytb2zu5edf/gQctUEeoTyaXqhFhTzgT1DTOcdhJFcRxy2g7HN7nffqJKMynuzSShQYyHgkWMYJNLjfNH2a/W3Lo7A1omXkFqUKDVr371BpKkMRWGcKx113MTE2RYGUY4nVZ6qaYJJmM8pF1LBY6pDrLZrVN0YpUBiqSyJQyaqb8nMhxrPYlD2xljM9KLXi7+53VTE10GGRNJaqgg80VRypGRKH8cDZiixPCJJZgoZm9FZIQVJsbGU7EheIsvLxP/rH5Vd+8ateZ1kUYZjuAYTsGDC2jCLbTABwIjeIZXeHNi58V5dz7mrSWnmDmEP3A+fwDjqY2r</latexit><latexit sha1_base64="Djg/1iSMn9Xsgoku80GL20/1rwk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkot6KXjxWMLbQxrLZbtqlm92wuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dkorq2vrG+XNytb2zu5edf/gQctUEeoTyaXqhFhTzgT1DTOcdhJFcRxy2g7HN7nffqJKMynuzSShQYyHgkWMYJNLjfNH2a/W3Lo7A1omXkFqUKDVr371BpKkMRWGcKx113MTE2RYGUY4nVZ6qaYJJmM8pF1LBY6pDrLZrVN0YpUBiqSyJQyaqb8nMhxrPYlD2xljM9KLXi7+53VTE10GGRNJaqgg80VRypGRKH8cDZiixPCJJZgoZm9FZIQVJsbGU7EheIsvLxP/rH5Vd+8ateZ1kUYZjuAYTsGDC2jCLbTABwIjeIZXeHNi58V5dz7mrSWnmDmEP3A+fwDjqY2r</latexit><latexit sha1_base64="Djg/1iSMn9Xsgoku80GL20/1rwk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkot6KXjxWMLbQxrLZbtqlm92wuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dkorq2vrG+XNytb2zu5edf/gQctUEeoTyaXqhFhTzgT1DTOcdhJFcRxy2g7HN7nffqJKMynuzSShQYyHgkWMYJNLjfNH2a/W3Lo7A1omXkFqUKDVr371BpKkMRWGcKx113MTE2RYGUY4nVZ6qaYJJmM8pF1LBY6pDrLZrVN0YpUBiqSyJQyaqb8nMhxrPYlD2xljM9KLXi7+53VTE10GGRNJaqgg80VRypGRKH8cDZiixPCJJZgoZm9FZIQVJsbGU7EheIsvLxP/rH5Vd+8ateZ1kUYZjuAYTsGDC2jCLbTABwIjeIZXeHNi58V5dz7mrSWnmDmEP3A+fwDjqY2r</latexit>
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(c) The forces in vector notation are: !

! ! The 
magnitudes of these forces are !  N, !  N and 

!  N. The directions of these 

forces are as follows. The drag force acts along the ! axis in the 
positive direction, the lift force acts along the ! axis in the negative 
direction, and the resultant force acts at an angle 

!  with respect to the ! axis.  

⃗F drag = (70.7 + 28.3) ̂i = 99 ̂i,
⃗F lift = (−70.7 + 28.3) ̂j = − 42.4 ̂j, ⃗F resultant = 99 ̂i − 42.4 ̂j .

| ⃗F drag | = 99 | ⃗F lift | = 42.4
| ⃗F resultant | = 992 + (−42.4)2 ≈ 107.7

X−
Y−

tan−1(− 42.4
99 ) ≈ − 23.2o X−

Figure 4 shows the forces acting 
on the windshield with the 
information necessary to help 
resolve the forces along the !  
and ! axis. 
(a) The horizontal component of 

the shear force acting on the 
windshield is !  N
!  N. In vector notation 
we write it as ! . 

(b) The vertical component of the 
pressure force in vector 
n o t a t i o n i s !
! . 

X−
Y−

40 cos 45O

≈ 28.3
70.7 ̂i

−100 sin 45 ̂j
≈ − 70.7 ̂j
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The End

Scheme  
of 

Marking

A sketch that may not be as detailed as Figure 4 but something to show 
that the student is considering angles and resolving forces - 1 M 
Each quantity - 1 M
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PRESIDENCY UNIVERSITY, BENGALURU 

SCHOOL OF ENGINEERING 

Weightage: 20% Max Marks: 40 Max Time: 1 hr.  28 March Wednesday 2018 

 
                                                   TEST – 2                                        SET A 

 
Even  Semester 2017-18 Course: MEC 203   Fluid mechanics and                      

 Machines 
IV Sem. Mechanical 

_____________________________________________________________________________________ 

Instruction: 

(i) Read the question properly and answer accordingly.  

(ii) Question paper consists of 3 parts. 

(iii) Scientific and Non-programmable calculators are permitted 

(iv) Answer briefly 

______________________________________________________________________________ 

 

Part A 

                                                  (2 Q x 6 M = 12 Marks)  

1. Systems like particles and rigid bodies obey the law of conservation of mass, Newton’s 

laws of motion and the laws of thermodynamics. Write down the equations 

corresponding to such laws and explain each equation in one sentence. Which theorem 

“adapts” these laws to apply to control volumes? 

 

2. A garden hose attached to the nozzle is used to fill a bucket of 0.9385 m3. The inner 

diameter of the hose is 3 cm which reduces to 0.8cm at the exit of the nozzle. Assume it 

takes 30 seconds to fill the bucket. (a) Determine volume flow rate (b) mass flow rate of 

water through the hose. (c) Determine average velocity of water at nozzle exit. 

 

Part B 

                    (1Q x 10 M = 10 Marks)  

3. Derive the linear momentum equation in 1-d for a control volume considering the 

integral equation of a fluid flow using the schematic diagram.  
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Part C 

(3Q x 6 M = 18 Marks)    

4. A reducing elbow is used to deflect the water flow at a rate of 20 kg/s in a horizontal 

pipe 180° while accelerating it. The elbow discharges water into the atmosphere. The 

cross section area of the elbow is 80 cm2 at the inlet and 7 cm2 at the outlet. The 

elevation difference between inlet and outlet is 50 cm. Neglect weight of the elbow and 

the water in it.  (a) Determine gauge pressure at the inlet of the elbow. (b) Find the 

anchoring force needed to keep the elbow in its place. 

 

 

 

      

5.  Derive the equation of energy using Reynolds transport theorem by using the suitable 

parameters and schematic diagram 

 

6. The pump of a water distribution system is powered by 20kW electric motor who’s       

efficiency is 85%. The water flow rate through the Pipe is 15 litre per second. The 

diameter of the inlet and outlet pipe are same and elevation difference across the pump 

is negligible. Assume the pressure at the inlet and outlet of the pipe is 50 kpa and 100 

kpa respectively. Determine (a) The temperature rise of water from the inlet to outlet of 

the pump. (b) The mechanical efficiency of the pump. 

 

 



Instructions 
(i) Answer all the questions in Parts A and B. Answer any three questions in Part C!! 
(ii) You have sixty minutes to answer the test. Plan your test! 
(iii) It is your duty to make your work understood to the evaluator of your test. Write neatly! 
(iv) Freehand drawings are encouraged to save you time. 
(v) You will need to use non-programmable calculators to answer this test. 

Part A (Answer all questions!) 
(6 M + 4 M + 4 M = 14 Marks)  

1. Distinguish between solids and fluids using the Mohr’s circle. Keep your answer brief. 

2. Explain the concept of fluid as a continuum using density as an example. 

3. Define and give the units of each of the following thermodynamic properties of fluids. 

State the mathematical expression relating these properties for a perfect gas. 

Part B (Answer all questions!) 

           (2 Q x 4 M = 8 Marks) 

PRESIDENCY UNIVERSITY, BENGALURU 
SCHOOL OF ENGINEERING

Weightage: 20% Max Marks: 40 Max Time: 1 Hour  Tuesday, Feb 20, 2018

TEST – 1

Even Semester 2017-18 Course: MEC 203 Fluid Mechanics and 
Machines IV Sem Mechanical

!  

(a) Pressure (b) Density (c) Temperature

4. Derive an expression for the change in height !  in a 

circular tube of radius !  containing a liquid with surface 

tension !  and contact angle !  as shown in Figure 1. 

Assume the liquid has constant density !  and it is acted 

on by the acceleration due to gravity ! .

h
R

γ θ

ρ

g

!  
Figure 2: Viscous Flow between 

Flat Plates

u = 0

u = V

O

h

X

Y

!  
Figure 1: Capillary Rise

2R

h

✓

5. Figure 1 shows a fluid flowing between two plates. The 

bottom plate is fixed while the top one moves with a 

constant velocity !  m/s. Assume pressure does not 

vary along the ! -axis, the flow is not accelerating, the 

fluid is newtonian and the shear stress is constant 

throughout. Obtain a mathematical expression for 

velocity !  as a function of ! , i. e., obtain ! .

V
X

u y u(y)
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Part C (Answer any three of the four questions!) 

(3 Q x 6 M = 18 Marks)    

9. The velocity field in m/s in a flowing fluid is given by ! . 

(i) Determine all the stagnation points in the flow. 

(ii) Determine the magnitude and direction of the velocity vector at the point (1,1). Sketch 

this velocity vector showing its components along the horizontal and vertical directions. 

(iii) Determine the acceleration vector ! . What are the magnitudes and directions of 

the local acceleration and the convective acceleration?

6. Figure 3 shows water stored in a dam. Take 

the acceleration due to gravity as ! . 

(i) Determine the magnitudes of the horizontal 

and vertical point forces acting on the wall of 

the dam. What is the resultant force? 

(ii) Locate the point of action of the horizontal 

force from the free surface.

9.81 m/s2

7. Figure 4 shows a rectangular block in water. 

(i) What is the depth of immersion of the block 

in water? Assume ! . 

(ii) Determine the height of the centre of gravity 

and the point of action of the force of 

buoyancy from the bottom face of the block. 

(iii) Determine the height of the metacenter from 

the bottom of the block. 

(iv) Is the block stable to tilts by “small angles” in 

the front view?

g = 9.81 m/s2

!  
Figure 5: Sugared Tea in a Cup Placed in 

a Moving Truck

⇢
tea = 1080 kg/m 3

Dia. = 7 cm

6 cm

10 cm

ax

g

P

!  
Figure 4: A Rectangular Block in Water

4m
⇢water = 1000 kg/m3

2m

depth of immersion d

Top View

Front View

8m

⇢block = 700 kg/m3

8. A cup of sugared tea placed in a truck is 
shown in Figure 5. The figure also shows the 

directions of the acceleration of the truck 

!  and the acceleration due to 

gravity ! . These accelerations 

can be assumed to be constant. 
(i) For the dimensions of the cup and height of 

the tea in the cup determine if the tea spills 
out of the cup. If the tea does not spill out of 

the cup, sketch a figure showing how the tea 
rearranges itself in the cup. 

(ii) Find the pressure at the point P when the 
truck is in motion.

ax = 3 m/s2

g = 9.81 m/s2

!  
Figure 3: Water Stored in a Dam

X

Y

8m

4m

O

y =
x2

2
Width of the
Dam = 16m

⇢water = 1010 kg/m3

⃗V (x, y) = x ̂i + y ̂j

⃗a (x, y)
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