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ENERAL INSTRUCTIONS 

 

Rough record and Fair record are needed to record the experiments conducted in the 

laboratory. Rough records are needed to be certified immediately on completion of the 

experiment. Fair records are due at the beginning of the next lab period. Fair records must be 

submitted as neat, legible, and complete. 

Instructions to Students for Writing the Fair Record: 

In the fair record, the index page should be filled properly by writing the corresponding 

experiment number, experiment name, date on which it was done and the page number. 

On the right-side page of the record following has to be written: 

1. Title: The title of the experiment should be written in the page in capital letters. 

2. In the left top margin, experiment number and date should be written. 

3. Aim: The purpose of the experiment should be written clearly. 

4. Apparatus/Tools/Equipment/Components used: A list of the Apparatus/Tools/ 

Equipment/Components used for doing the experiment should be entered. 

5. Principle: Simple working of the circuit/experimental set up/algorithm should be written. 

6. Procedure: steps for doing the experiment and recording the readings should be briefly 

described. 

7. Observations: 

i) Data should be clearly recorded using Tabular Columns. 

ii) Unit of the observed data should be clearly mentioned 

iii) Relevant calculations should be shown. 

8. Results: The results of the experiment must be summarized in writing and should be 

fulfilling the aim. 

9. Inference: Inference from the results is to be mentioned. 

GENERAL RULES FOR PERSONAL SAFETY 

1. Always wear tight shirt/lab coat, pants and shoes inside workshops. 

2. Make sure that equipment working on electrical power are grounded properly. 

3. Avoid standing on metal surfaces or wet concrete. Keep your shoes dry. 

4. Never handle electrical equipment with wet skin. 

5. Hot soldering irons should be rested in its holder. Never leave a hot iron unattended. 

6. Avoid use of loose clothing and hair near machines and avoid running around inside lab. 

7. INFORM YOUR INSTRUCTOR about faulty equipment so that it can be sent for repair. 

8. Do not MOVE EQUIPMENT around the room except under the supervision of an 

instructor. 

COURSE OUTCOME 

Students will be able to: 

• Understand the basic properties of fluids and apply Newton's Law of Viscosity in solving 

practical problems. 

• Understand the significance of basic principles of fluid statics and application of 

hydrostatic law in determining forces on surfaces and hydraulic structures, floatation and 

stability of floating bodies like boats, ships, naval vessels etc. 

• Understand the principles of kinematics with specific emphasis on application of 

continuity equation, stream function etc. 

• Apply the principles of Bernoulli's equation in measurement of discharge in pipes, and in 

other pipe flow problems. 

• Computation of friction loss in laminar and turbulent flows. 
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EXPERIMENT 1:  

MEASUREMENT OF VISCOSITY 

Aim:  

The experiment is conducted to determine the viscosity of sample fluid using the stokes law. 

Apparatus: 

Cylindrical long column, viscous fluid, measuring scale, spherical objects of different 

materials (Aluminum, Steel, plastic beads), stop watch. 

Theory: 

Under low speed attached (unseparated) flow conditions, the drag acting on an object of 
spherical shape is given by Stokes’ Law 

FD = 3Ud 

where U is the approach velocity of the fluid (or the velocity of the object relative to a 

stationary fluid), d is particle diameter and  is dynamic viscosity of the fluid medium. 

Stokes’ law is valid if 

Re = Ud/  1 

For a spherical object falling in a gravity field, the object at zero velocity accelerates to a 

terminal velocity when drag becomes equal to weight. The net force acting on the sphere is 

then zero and its velocity remains unchanged with distance. Under these conditions, we have 

(including buoyancy) 

𝐹𝐷 = 𝑚𝑔 (1 −
𝜌𝑓

𝜌𝑠
) 

where f is the fluid density and s is the density of the spherical particle. This equation can 

be used to determine dynamic viscosity . The constraint, Re < 1 is accomplished by a 
suitable choice of the sphere diameter. 

For a wider range of Reynolds number, namely Re < 5, Stokes’ law can be extended to the form 

D = 3Ud (1 + (3/16)Re) 

This formula is called Oseen’s approximation. 

Spheres made of aluminum, mild steel and plastic beads of various diameters are dropped in a 

long column containing SAE 40 oil. Each sphere is allowed to move a certain distance before 

its velocity has become equal to the terminal velocity. The terminal velocity is measured by 

noting the time it takes for the sphere to move a predetermined distance. Time is measured 

using a photodiode arrangement. Liquid density is measured using a weighing balance.  

The following data can be used: 

steel = 7.75 gm/cm
2
, Al = 2.78 gm/cm

2
. For plastic beads, weight must be measured to 

calculate the density of the material. 



 

 

Fig. Viscosity measurement using Stokes law of drag acting on a spherical particle 

Procedure: 

The experiment consists of a vertically mounted long cylinder tube filled with the liquid 

whose viscosity is to be determined. A small sphere of known size is gently placed on the 

surface of the liquid and is allowed to fall due to its own weight under gravity. After the 

sphere has attained a constant velocity, the time of fall through a known distance L is 

observed. Thus viscosity of any given liquid may be determined using above equation. Since 

the extent of the fluid is limited and the wall effect due to the proximity of the tube wall is 

considerably large, the correction to the observed velocity of the falling body can be done as 

below 

𝑼

𝑼𝟎
= 𝟏 +

𝟗𝑫

𝟒𝑩
+ (

𝟗𝑫

𝟒𝑩
)
𝟐

+. ..  

 

Where, U0 is the observed velocity of fall in the tube, D is the diameter of sphere, and B is 

the diameter of the tube. 

Viscosity of fluid determined using following equation: 

𝑈 =
(𝜌𝑠 − 𝜌𝑓)𝐷

2

18𝑔𝜇
 

Observations: 

 

Diameter of the container  =  

Specific gravity of fluid used  =  

Specific gravity of steel ball   = 

Specific gravity of plastic ball  = 

 

 

 

 

 



 

S. 

No. 

Sphere 

Material 

Dia of 

Sphere 

Height 

of drop 

in 

column 

Time 
Observed 

Velocity 

Corrected 

velocity 

Dynamic 

Viscosity 

Reynolds 

Number 

1. Steel        

2.         

3.         

4.         

5. Plastic        

6.         

7.         

 

Results and Discussion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

EXPERIMENT: 2 

STUDY OF PRESSURE MEASURING DEVICES 

Aim:  

The experiment is conducted to study of Pressure gradient at different ones, verification of 

Bernoulli’s equation, and Comparative analysis under different flow rates. 

Apparatus: 

Venturimeter, Pizoemeter, Overhead Tank, Sump Tank, Centrifugal Pump 

Theory: 

Bernoulli’s Theorem gives the relationship between pressure head, velocity head and the 

datum. Here the attempt has been made to study the relationship of the above said parameters 

using venturimeter. 

The apparatus consist of a specially fabricated clear ACYLIC Venturimeter with necessary 

tappings connected to a Multibank Pizeometer also made of clear ACRYLIC. The apparatus 

consists of two overhead tanks interconnected with the venturimeter, which is placed in 

between the tanks. 

The overhead tanks are provided with the head variation mechanism for conducting the 

experiments at various heads. Water in the sump tank is pumped using a Centrifugal Pump 

which passes through the control valve to the overhead tank. The height of the water in the 

collecting tank is measured using the acrylic Piezometer to find the flow rate. 

Procedure: 

1. Fill in the stump tank with clean water. 

2. Keep the delivery valve closed. 

3. Check and give necessary electrical connections to the system. 

4. Switch on the pump & slowly open the delivery valve. 

5. Adjust the flow through the control valve of the pump. 

6. Allow the system to attain the steady state. i.e, let the water pass from second overhead 

tank to the collecting tank. 

7. Note down the pressure head at different points of the venture meter on the multi-tube 

piezometer. (Expel if any air is the by inserting the thin pin into the piezometer openings) 

8. Close the ball valve of the collecting tank and measure the time for the known rise of 

water. 

9. Change the flow rate and repeat the experiment. 

 

 

 

 

 

 

 

 

 



 

Observation: 

 

Sl. 

No 

Static Head Loss, h 

Time for R cm 

rise in water 

‘T’ sec 

1 2 3 4 5 6 7 8 9 10  

1            

2            

3            

4            

 

Results and Discussion 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Experiment No. 03 

 

STABILITY OF FLOATING BODY 

Aim:  

To analyze the stability of a floating body by determining the metacentric height of a typical 

float. 

Apparatus:  

Metacentric height instrument, measuring scale, weighing scale etc 

Theory:  

Metacentre is the point, where the line of buoyant force and the perpendicular passing 

through the centre of gravity intersect. 

The metacentric height, GM = w x/W tanθ 

where, GM = metacentric height in mm, w is the mass of the slider in kg, x is the distance to 

the movable weight from the central position in mm, W is the mass of the trough and the 

slider in kg, θ is the angle of inclination 

The distance between the buoyancy and the metacentre, BM = I/V 

where, V is the volume in the displaced water, I is the moment of inertia of the plane of water 

respect to the longitudinal axis = lb3 / 12 

Hence, the metacentric height, GM = BM – BG 

Procedure 

1) Weigh the adjustable transversal mass as well as the floating prismatic base and assembly. 

2) Displace the sliding mass up to upper part of the mass in such a way that the gravity 

center be in the upper part of the floating assembly 

3) Fill the volumetric tank with water. 

4) Move the adjustable mass to the right of the center in 10mm steps of x, until the end of 

the scale, recording the angular displacement for every position. 

Observations: 

Mass of movable slider w = 0.302 kg 

Mass of trough  W* = 1.649 kg 

Mass of slider and trough W = 1.951 kg 

 

 

 

 

 

 

 

 



 

OBSERVATION TABLE: 

Distance from the 

movable mass to the 

right of the center, 

X(cm) 

Position of vertical slider 

Y (cm) 

Inclination 
Metacentric 

height 

GM(cm) 
angle θ tan θ 

2     

4     

6     

8     

-2     

-4     

-6     

-8     

 

Results and Discussion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Experiment No. 04 

HYDROSTATICS FORCE ON FLAT SURFACES/CURVED SURFACES 

Aim:  

To determine the hydrostatic force due to water acting on a partially or fully submerged 

surface. 

Apparatus:  

Hydrostatic Pressure Apparatus, A jug, and Calipers or rulers, for measuring the actual 

dimensions of the quadrant. 

Theory:  

Hydrostatic forces are the resultant force caused by the pressure loading of a liquid acting on 

submerged surfaces. Calculation of the hydrostatic force and the location of the center of 

pressure are fundamental subjects in fluid mechanics. The center of pressure is a point on the 

immersed surface at which the resultant hydrostatic pressure force acts. The location and 

magnitude of water pressure force acting on water-control structures, such as dams, levees, 

and gates, are very important to their structural design. Hydrostatic force and its line of action 

is also required for the design of many parts of hydraulic equipment. In this experiment, the 

hydrostatic force and center of pressure acting on a vertical surface will be determined by 

increasing the water depth in the apparatus water tank and by reaching an equilibrium 

condition between the moments acting on the balance arm of the test apparatus. The forces 

which create these moments are the weight applied to the balance arm and the hydrostatic 

force on the vertical surface. 

 

Fig. Hydrostatic Pressure Apparatus 

Experimental Procedure: 

Begin the experiment by measuring the dimensions of the quadrant vertical endface 

(B and D) and the distances (H and L), and then perform the experiment by taking the 

following steps: 



 

• Wipe the quadrant with a wet rag to remove surface tension and prevent air bubbles from 

forming. 

• Place the apparatus on a level surface, and adjust the screwed-in feet until the built-in 

circular spirit level indicates that the base is horizontal. (The bubble should appear in the 

center of the spirit level.) 

• Position the balance arm on the knife edges and check that the arm swings freely. 

• Place the weight hanger on the end of the balance arm and level the arm, using the 

counter weight, so that the balance arm is horizontal. 

• Add 50 grams to the weight hanger. 

• Add water to the tank and allow time for the water to settle. 

• Close the drain valve at the end of the tank, then slowly add water until the hydrostatic 

force on the end surface of the quadrant is balanced. This can be judged by aligning the 

base of the balance arm with the top or bottom of the central marking on the balance rest. 

• Record the water height, which displayed on the side of the quadrant in mm. If the 

quadrant is partially submerged, record the reading in the partially submerged portion of 

the Raw Data Table. 

• Repeat the steps, adding 50 g weight each time, until the final weight of 500 g is reached. 

When the quadrant is fully submerged, record the readings in the fully submerged part of 

the Raw Data Table. 

• Repeat the procedure in reverse by progressively removing the weights. 

• Release the water valve, remove the weights, and clean up any spilled water. 

Observations: 

• Height of quadrant end face, D (m) = 

• Width of submerged, B (m) = 

• Length of balance arm, L (m) = 

• Distance from base of quadrant to pivot, H (m) = 

Test 

No. 
Mass Depth of Immersion Hydrostatic Force 

1.    

2.    

3.    

4.    

5.    

6.    

 

 

 

 

 



 

Experiment No. 05 

VERIFICATION OF BERNOULLI’S THEOREM 

Aim:  

Verification of Bernoulli’s Theorem 

Theory:  

Bernoulli's law indicates that, if an in viscid fluid is flowing along a pipe of varying cross 

section, then the pressure is lower at constrictions where the velocity is higher, and higher 

where the pipe opens out and the fluid stagnates. The well-known Bernoulli equation is 

derived under the following assumptions: 

1. Fluid is incompressible and density is constant.  

2. flow is steady 

3. flow is frictionless 

4. along a streamline; 

Then, it is expressed with the following equation: 

𝑃

𝜌𝑔
+
𝑉2

2𝑔
+ 𝑍 = ℎ ∗= 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

Where (in SI units): 

p = fluid static pressure at the cross section in N/m
2
. 

ρ=density of the flowing fluid in kg/m3 

g = acceleration due to gravity in m/s
2
 (its value is 9.81 m/s

2
 = 9810 mm/s

2
) 

v = mean velocity of fluid flow at the cross section in m/s 

z = elevation head of the center of the cross section with respect to a datum z=0 

h* = total (stagnation) head in m 

The terms on the left-hand-side of the above equation represent the pressure head (h), 

velocity head (hv ), and elevation head (z), respectively. The sum of these terms is known as 

the total head (h
*
). According to the Bernoulli‟s theorem of fluid flow through a pipe, the 

total head h
*
 at any cross section is constant (based on the assumptions given above). In a 

real flow due to friction and other imperfections, as well as measurement uncertainties, the 

results will deviate from the theoretical ones. 

In our experimental setup, the centerline of all the cross sections we are considering lie on the 

same horizontal plane (which we may choose as the datum, z=0), and thus, all the ‘z’ values 

are zeros so that the above equation reduces to: 

𝑃

𝜌𝑔
+

𝑉2

2𝑔
= ℎ∗ = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

For our experiment, we denote the pressure head as hi and the total head as h
*
i, where i 

represents the cross section we are referring to. 

 



 

Procedure: 

1. Open the inlet valve slowly and allow the water to flow from the supply tank. 

2. Now adjust the flow to get a constant head in the supply tank to make flow in and out 

flow equal. 

3. Under this condition the pressure head will become constant in the piezometer tubes. 

4. Measure the height of water level “h” (above the arbitrarily selected plane) in different 

piezometric tubes. 

5. Compute the area of cross-section under the piezometer tubes. 

6. Note down the quantity of water collected in the measuring tank for a given interval of 

time. 

7. Change the inlet and outlet supply and note the reading. 

8. Take at least two reading as described in the above steps. 

 

Observations: 

Result and Discussion: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Experiment No. 06 

VENTURIMETER 

Aim:  

To determine the coefficient of discharge of liquid flowing through venturimeter 

Apparatus:  

Venturimeter, Stop watch, Collecting tank, Differential U-tube manometer, scale etc. 

Theory: 

Venturimeter is a device consisting of a short length of gradual convergence and a long 

length of gradual divergence. Pressure tapping is provided at the location before the 

convergence commences and another pressure tapping is provided at the throat section of a 

Venturimeter. The difference in pressure head between the two tapping is measured by means 

of a U-tube manometer. On applying the Continuity equation & Bernoulli‟s equation 

between the two sections, the following relationship is obtained in terms of governing 

variables. 

 

Fig. Experimental setup with venturimeter 

 

Fig. Venturimeter 

 

Theoretical Discharge = Qtheo 

𝑄𝑡ℎ𝑒𝑜 = 𝑎1𝑎2√
2𝑔𝐻

𝑎1
2 − 𝑎2

2 



 

Where, H= (H1-H2)(Sm/S1-1) 

Sm and S1 are Specific gravity of manometric fluid (mercury) and water flowing through 

pipeline system. 

a1= Area of inlet pipe in m2 & a2= Area of throat in m2 

Procedure: 

The pipe is selected for conducting experiment. 

The motor is switched on; as a result water flows through pipes. 

The readings of H1and H2 are noted. 

The time taken for 10cm rise of water in collecting tank is noted. 

The experiment is repeated for different discharges in the same pipe. 

Coefficient of Discharge is calculated 

Observations: 

Volume of Collecting tank (Ah) = 30 cm (L) * 30 cm (W) * 10 cm (h) = 

a1= Area of inlet pipe in m
2
 = 

a2= Area of throat in m
2
 =  

Actual Discharge: Qactual = Ah/t (m
3
/sec) 

Where H1 and H2 are Manomertic heads in first and second limbs 

Sm and S1 are Specific gravity of manometric fluid (mercury) and water flowing through 

pipeline system. 

Coefficient of Discharge Cd = Qactual/ Qtheo 

Observation Table: 

Diameter of the inlet pipe = 25 mm 

Diameter of the throat = 12.5 mm 

Sl. 

No. 
H1 (m) H2 (m) 

H=(H1-H2)*12.6 

(m) 

Time taken for 

10cm rise of 

water(sec) 

Qactual 

(m3/sec) 

(1) 

Qtheo. 

(m3/sec) 

(2) 

Cd=(1) /(2) 

1        

2        

3        

4        

Mean Coefficient of Discharge = 

Result and Discussion: 



 

Experiment No. 07 

ORIFICEMETER 

Aim:  

To determine the value of coefficient of contraction, coefficient of velocity and coefficient of 

discharge for the given orifice. 

Apparatus:  

Orifice meter experimental setup, stopwatch. 

Theory: 

An orifice meter is another simple device used for measuring the discharge through a pipe. 

Orifice meter also works on the same principle as that of venturimeter i.e. by reducing the 

cross sectional area of the flow passage a pressure difference between the two sections is 

developed and the measurement of the pressure difference enables the determination of the 

discharge through the pipe. An orifice meter is a cheaper arrangement for discharge 

measurement through pipes and it’s installation requires a smaller length, as compared with 

venturimeter. As such where the space is limited, the orifice meter may be used for discharge 

of through pipes. 

An orifice meter consists of a flat circular plate with circular perforated hole called orifice 

which is concentric with the pipe axis. The thickness of the plate is less than an equal to 0.05 

times the diameter of the pipe. The diameter of the orifice may vary from 0.2 to 0.85 times 

the pipe diameter but generally the diameter is kept as 0.5 times pipe diameter. 

Two pressure taps are provided at section -1 on the upstream side of the orifice plate and 

other at section -2 on the downstream side of the orifice plate since in the case of an orifice 

change in the cross section as area of the flow passage is provided and there being a gradual 

change in the cross sectional area of the flow passage as in the case of venturimeter there is a 

gradual loss of energy in a orifice meter than in a venturimeter. 

The experimental setup consist of 20mm pipe lines fixed to an MS stand .The pipe is 

connected with an orifice meter with the action valves for pressure tapping’s. The meter is 

connected to a common middle chamber, which is in turn connected to a mercury chamber. 

The pipe line is provided with a flow control valve. 

Experimental Procedure: 

1. Select the required flow meter. 

2. Open its pressure valves and close the other pressure valves so that only pressure for 

the meter in use is communicated to the manometer 

3. Open the flow control valve and allow certain a flow rate 

4. Vent the manometer if required. 

5. Observe the reading in the manometer 

6. Collect the water in the collecting tank .close the drain valve and find the time taken 

for 5cm rise in the tank. 

Calculations of Orificemeter: 

Theoretical discharge(Qt) 

h1 = manometric head in the left limb in cm 



 

 

h2 = manometric head in the right limb in cm 

Difference in the manometer level =hx=h1-h2 cm 

t = time taken for hcm rise of water in tank. 

Theoretical discharge Qt = K √h 

a1= area of cross section of the pipe. 

a2=area of the throat. 

The area of the collecting tank =50cm*50 cm 

Rise of water level in the tank =5 cm 

Time taken for collecting h water head in the collecting tank =  

Qa=AR/t 

Coefficient of discharge Cd=Qa/Qt 

 

Observations:  

S. 

No. 
Manometer Reading 

H=x( SO Sw 
-1) 

Time taken  

for 5cm 

water rise 

(t sec) 

Qtheo 

(cm3/sec) 

Qact 

(cm3/sec) 

Coefficient 

discharge of 

orifice-meter 

(Cd) 

 h1(cm) h2(cm) 
Hx=h2-

h1(cm) 

 
    

1         

2         

3         

4         

 

Graphs: 

1. Actual discharge versus Theoretical discharge. 

2. Actual discharge versus Coefficient of discharge. 

Result: The coefficient of discharge (Cd) for orificemeter is = 

 

 

 

 

 

 

 

 

 

 



 

EXPERIMENT 8: 

IMPACT OF JET 

Aim:  

To determine the force acting on flat and curved surfaces as a function of jet velocity. 

Apparatus:  

Impact of jet apparatus consisting pump, spring weighing scale, measuring scale, main tank, 

inlet, outlet, rod to connect flat and curved plates. 

Theory and experimental procedure:  

A jet of fluid emerging from a nozzle has some velocity and hence it possesses a certain 

amount of kinetic energy. If this jet strikes an obstruction placed in its path, it will exert a 

force on the obstruction. This impressed force is known as impact of the jet. Since, a dynamic 

force is involved by virtue of fluid motion; it always involves a change of momentum. 

 

 

Fig. Impact of jet apparatus 

The experimental set-up consists of a nozzle through which a water jet emerges in the 

vertically upward direction. The jet is visible through the transparent cover. It strikes the 

target surface positioned above it. The force generated by the jet can be measured by 

applying weights to balance the jet reaction. Account first for the dead weight of the target 

surface and the connecting rod. Target surfaces are interchangeable, namely flat or curved. 

The flow rate is determined by measuring the volume of water collected in the tank over a 

known period of time. Measure the geometric dimensions as needed for calculations. 

Repeat the experiment for various flow rates and target shapes. Compare the experimentally 

determined forces in the vertical direction with those derived from the control volume 

formulation, namely (for a spherical cap): 



 

F = 2QU 

Here ρ is the fluid density, Q is volume flow rate, and U is the average velocity of the fluid 

impacting the cap and nearly equal to that leaving the nozzle. A similar expression holds for a 

flat impacting surface. 

Data sheet: 

Exit diameter of the nozzle: 8 mm 

Cross-section of the collection tank: 244 × 394 mm
2 

Mass of cup-rod-pan assembly: 443 grams 

Mass of flat piece-rod-pan assembly: 318 grams 

Mass of spring: 12 grams 

Procedure: 

1. Fill up clean water in the sump tank up to the mark 

2. Fix the flat plate to the fixing rod. Fix the nozzle in perspex box at centre and close the 

top covers. 

3. Adjust the balance weight. Locking bolt is provided so that the vane fixing rod is in 

horizontal position. 

4. Connect the electric supply and hose pipe connection to inlet of the nozzle. 

5. Fully open the bypass valve. Start the pump. 

6. Slowly close bypass valve. The jet strikes the vane. 

7. Now, the vane fixing rod gets unbalanced. Put the sliding weight over the rod and adjust 

its distance such that vane fixing rod is in balanced position. 

8. Note down the balance weight and its distance from the centre of the pivot. 

9. Close the discharge valve of the measuring tank. Turn the funnel towards the measuring 

tank so that the water gets collected in the measuring tank. Start stop watch at 0 liter and 

measure the time required for 10 liter. 

10. For next reading use same procedure. 

Observations:  

S. No. 
Time for 10 liter 

discharge t (sec) 

Weight added 

m (kg) 

Distance of 

sliding weight, 

l (m) 

Theoretical 

Force 

(kg) 

Observed 

Force 

(kg) 

01  0.1    

02  0.1    

03  0.1    

 

Results and Discussion: 



 

EXPERIMENT 9: 

FLOW VISUALISATION – IDEAL FLOW 

Aim:  

Visualization of flow pattern over or around immersed objects in open channel flow. 

Apparatus:  

Flow Visualization Apparatus, broad crested weir, narrow crested weir, aerofoil. 

Theory and experimental procedure:  

Open channel: 

An open channel is a passage in which liquid flows with its upper surface exposed to 

atmosphere. In comparison to pipe flow, where flow occurs in closed passages under 

pressure, the flow in open channels takes place under the influence of gravity in open 

channels. 

The primary purpose of this piece of apparatus is to demonstrate visually a wide range of 

hydraulic effects associated with flow in open channels. 

Velocity Distribution over Channel Cross Section: 

Typical velocity distribution curves in a straight reach of a rectangular channel are shown in 

figure below. 

It is clear from the figure that the velocity diminishes towards the sides and the base of the 

channel because of frictional resistance. Theoretically the velocity of flow should be 

maximum at the topmost point on the vertical centre line. However due to effect of surface 

tension and resistance offered by the air the velocity is reduced at the free water surface. 

 

Figure: Horizontal velocity curve Figure: Vertical Velocity curve 

Source: F1-00, Armfield Ltd. England, April 1996 

Vertical velocity curve is a representation of velocity measured along a vertical line of 

channel cross section. Horizontal velocity curve is a representation measured along a 

horizontal line of channel cross section. 

Reynolds Number: 

It is the ratio of inertia force to the viscous force acting in any flow phenomenon. 

Inertia force = mass X acceleration 

Viscous force = viscous shear stress X area of flow 

For open channel, 

Reynolds Number (Re) = ρVR/μ 



 

Where, V = avg. velocity of flow in channel 

R = Hydraulic radius (ratio of area of flow to wetted parameter) 

Reynolds number is very useful in predicting whether the flow is laminar or turbulent and for 

finding out the coefficient of friction in order to determine the frictional loss of head 

accurately. 

Laminar flow: 

When the fluid particle move in layers called lamina, then the flow is called laminar flow. 

Laminar flow occurs when velocity of flow is small and viscous forces are predominant. It is 

smooth and regular and thus also known as stream-line flow. There is practically no influence 

of fluid particles of one layer over those of the adjacent layer. Velocity at any point remains 

nearly constant in magnitude and direction. Flow through circular pipes with Reynolds 

number < 2000 is always laminar. In case of channel flow, if Reynolds number < 500, then 

the flow is laminar. 

Turbulent flow: 

When the velocity of flow reaches a certain limit the fluid particles no longer move in layers 

or lamina. Violent mixing of fluid particles takes place due to which they move in chaotic 

and random manner. As a result the velocity at any point varies both in magnitude and 

direction from instant to instant. Such a flow is known as turbulent flow. Flow through 

circular pipes with Reynolds number > 4000 is turbulent. In case of channel flow, flow with 

Reynolds number > 2000 is turbulent. 

Steady and unsteady flow: 

If the condition of flow e.g. depth of flow, velocity etc. do not vary with respect to time, then 

the flow is said to be steady. Otherwise it is unsteady flow. 

Uniform and non uniform flow: 

If the velocity, depth, cross-section area of flow remains constant over a given length of the 

channel, then the flow is said to be uniform flow. If the flow conditions change from section 

to section along the length of channel, then it is non uniform flow. 

Boundary Layer: 

When a real fluid flows past a solid surface, a fluid particle on the surface will have the same 

velocity as that of the surface because of the viscosity of the fluid. The fact is generally 

known as the no-slip condition at the boundary. If the boundary is static, the fluid particle on 

it will also have zero velocity. Further away from the boundary, the fluid velocity gradually 

increases. This gives rises to large shear stresses at the boundary. At the outer edge of 

boundary layer, the fluid velocity is very nearly the same as the local main stream velocity. In 

the region outside of the boundary layer, the velocity variation at any section is small and 

hence the shear stresses are practically negligible. Thus the flow in this region can be 

regarded as frictionless. 

Boundary layer thickness: 

The velocity u at any section approaches the local free stream velocity U asymptotically i.e. 

u= U, as y = ∞. For practical purposes, however, the boundary layer thickness δ is defined as 

that distance from the plate at which u=0.99 U. 

 

 



 

Separation of boundary layer flow: 

When flow takes place over a curved body under adverse or positive pressure gradient i.e. 

pressure increasing in the direction of flow, then the flow near the boundary is retarded much 

and, very soon, a point is reached where it separates from the boundary. This is known as 

separation point. The reason of this phenomenon is the adverse pressure gradient which tends 

to reduce the momentum of flow within the boundary layer due to higher viscous stresses. 

Forces on immersed body: 

Whenever there is relative motion between a real fluid and a body, the fluid exerts a force on 

a body and the body exerts equal and opposite force on the fluid. A body wholly immersed in 

a real fluid may be subjected to two kinds of forces. 

a) Drag force: The component of force in the direction of flow on a submerged body is 

called drag force. 

b) Lift force: The component of force in the perpendicular to the flow is called the lift force. 

The component due to pressure is known as pressure drag while the component due to shear 

stress is known as friction drag / shear drag. The relative contribution of pressure drag and 

friction drag to the total drag FD in any particular case depends upon the shape of the body. 

In the symmetrical body moving through an ideal fluid (no viscosity) at a uniform velocity, 

the pressure distribution around a body is symmetrical and hence the resultant force acting on 

the body is zero. However real fluids such as air, water, posses viscosity and if the is moved 

through these fluid at a uniform velocity, it is observed that the body does experience a 

resistance to motion. 

For the symmetrical body such as sphere and cylinder facing the flow is symmetrical, here is 

no lift force. The production of lift force requires asymmetry of flow, while drag force exists 

always. It is possible to create drag without lift but impossible to create lift without drag. The 

fluid viscosity affects the flow around the body causes the force on the body accordingly; at 

low Reynolds' Number the fluid is deformed in very wide zone around the body causing 

pressure force & friction force and as Reynolds' Number increases, viscous effects are 

confined to the boundary layer causes predominant the friction force on the boundary. 

In case of real fluid flowing past a sphere, the varying pressure distribution present due to 

viscosity creates drag force. In case of body with sharp corners set normal to the flow, the 

wake extends across the full projected width of the body resulting in the fairly constant value 

of CD. If the body has curved sides, it is laminar/turbulent boundary layer. This determines 

the size of wake and in term the amount pressure drag. For very low Reynolds number (DV/ 

< 1) the flow about the sphere is completely viscous & the friction drag is given by strokes 

law: FD = 3 VD. 

The main objective of s streamline body is to move point of separation as back as possible to 

minimize size of turbulent wake. The optimization of SL is to minimize the sum of the 

friction and pressure drag 

 

 

 

 

 



 

Description of Equipment Set-Up: 

Figure: Flow Visualization Apparatus 

Source: F1-00, Armfield Ltd. England, April 1996 

The inlet pipe (1) is connected direct to the Hydraulics Bench outlet by a quick release 

connector. The model is positioned on the side channels of the bench top, with the overshot 

weir adjacent to the volumetric tank. Adjustable feet (13) are provided for leveling the 

apparatus. 

Water is fed to the streamlined channel entry via a stilling tank which incorporates marbles ( 

2) to reduce turbulence. The channel (8) consists of a Perspex working section of large depth 

to width ratio incorporating an undershot weir (7), and an overshot weir (10) at the Inlet and 

discharge ends respectively. 

Water discharging from the channel is collected in the volumetric tank of the Hydraulics 

Bench and returned to the sump for recirculation. A dye injection system, consisting of a 

reservoir (5), flow control valve (4), manifold (3) and hypodermic A tubes (6), is 

incorporated at the inlet to the channel and permits flow visualization in conjunction with a 

graticule on the rear face of the channel. The overshot weir (10) is fully raised for low 

visualisation experiments, this is achieved by releasing thumb screw (11) and weir support 

(12), moving the weir to the desired position and locking the screws. 

Before use the packet dye supplied must be diluted with 1 liter of deionised/distilled water. 

Open the 3gm packet of Blue Dye and pour the contents along with 1 liter of deionised or 

distilled water into the 1 l k e bottle (supplied), "shake well". The 1 liter bottle can be used to 

store the unused Blue Dye. 

Observations: 

The flow visualization technique involves the use of dye injected at the hypodermic tubes. In 

operation, the overshot weir should be raised fully and the undershot weir should be removed. 

With the overshot weir in the raised position, the channel run full of water enabling flow 

patterns around and over submerged objects to be demonstrated. 



 

CASE I: Immersed object: Broad crested weir 

 

Flow is laminar at the upstream of the weir and converted into turbulent at the downstream. 

Turbulence occurs near the weir only. Boundary layer can be clearly viewed. At the top of the 

downstream of weir, separation of flow occurs. 

CASE II: Immersed object: Symmetrical aerofoil placed horizontal 

 

Boundary layer separation is not clear. Flow is nearly laminar around the body except the 

formation of small wake on the upper side of the airfoil. 

CASE III: Immersed object: Asymmetrical airfoil inclined to horizontal 

 

The flow is laminar above the airfoil, though some wakes are present, while the flow below 

the airfoil is turbulent. The flow is turbulent around the airfoil only. Flow far from the airfoil 

remains laminar. 

 

 

 

 



 

CASE IV: Immersed object: Asymmetrical aerofoil 

 

Flow is laminar throughout the object except formation of small wake at the trailing edge of 

the airfoil. The boundary layer separation is clear. 

CASE V: Immersed object: Narrow crested weir 

 

The laminar flow converted into turbulent flow after passing through the narrow crested weir. 

The flow separation took place at the tip of the weir edge. The boundary layer separation is 

almost absent. 

CASE VI: Immersed object: Circular object 

 

Boundary layer can be viewed clearly around the boundary of circular object. No vortexes 

were found. The laminar characteristic of flow was not disturbed significantly 

Results and Discussions:  



 

EXPERIMENT 10: 

VELOCITY DISTRIBUTION IN PIPES 

Aim:  

To study the velocity distribution in a pipe and also to compute the discharge by integrating 

the velocity profile. 

Theory: 

The flow of a fluid is said to be laminar if the flow is characterized by the fluid particles 

staying in laminate i.e. thin sheets. Each laminate may be considered to be a stream surface. 

The shape of laminar depends upon the shape of the boundaries of the passage. For example, 

if the flow takes place between two parallel plates, the lamina must be plane sheets parallel to 

each other. 

Laminar Flow through a Round Pipe: 

Consider a laminar flow through a horizontal round pope. This is also referred as HAGEN – 

POISEULLIE flow. The equilibrium of a cylinder of a radius ‘r’ contained in a lamina of 

radius ‘r + δr’ is considered. For equilibrium the net pressure force on its periphery due to the 

presence of cylindrical lamina over it. 

If the laminar flow in a pipe is fully developed i.e. the velocity profile does not change in the 

longitudinal direction, the velocity ‘u’ varies only with ‘r’ and the pressure ‘p’ remains 

constant over the cross section. 

Under such conditions, the longitudinal pressure gradient dp/dx remains constant Hence ‘τ’ is 

proportional to ‘r’. 

Which shows that the shear stresses varies linearly along the radius of the pipe. The 

maximum shear stress τmax occurs at the pipe wall i.e. at r = R. 
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The velocity distribution in the pope may be obtained by involving the relationship 

𝜏 = 𝜇
𝜕𝑢

𝜕𝑦
 

where y is measured from the wall Since, y = R – r 

and dy = -dr 

It follows that, 

𝜏 = −𝜇
𝜕𝑢

𝜕𝑟
 

Thus,  
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At r = R, u = 0 

Thus,  
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The above equation is known as HAGEN-POISEUILLE equation for laminar flow through 

the pipe. 

Result: 

In this way we can able to draw the velocity distribution in the pipe as well as we can 

calculate the discharge. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

EXPERIMENT 11: 

Laminar Flow 

Aim:  

Study of different types of flow using Reynold‟s apparatus. 

Theory: 

Consider the case of the fluid along a fixed surface such as the wall of a pipe. At some 

distance y from the surface the fluid has a velocity (v) relative to the surface. The relative 

movement causes a shear stress (τ) which tends to slow down the motion so that the velocity 

close to the wall reduced below u. It can be shown that the shear stress produces a velocity 

gradient (∂v/∂y) which is proportional to the applied stress. The constant of the 

proportionality is the coefficient of viscosity. The inertia force (Fi) is directly proportional to 

density (р), square of the diameter of the pipe (d2) and the velocity. 

Reynolds number is the ratio of inertia forces to the viscous forces given by 

𝑅𝑒 =
𝜌𝑣𝑑

𝜇
 

Where, 𝜌 = fluid density and d = diameter of pipe. 

The flow type is classified using the Re number 

𝑅𝑒 < 2000,  laminar flow 

2000 < 𝑅𝑒 < 4000, transitional flow 

𝑅𝑒 > 4000,  turbulent flow 

Apparatus Used: 

Reynolds number and Transitional Flow Demonstration Flow Apparatus 

Procedure: 

1 Set the apparatus, turn on the water supply and partially open the discharge valve at the 

base of the apparatus. 

2 Adjust the water supply until the level in the constant head is just above the overflow pipe 

and is maintained at this level by a small flow down the overflow pipe. 

3 Open and adjust the dye injector valve to obtain a fine filament of dye in the flow down 

the glass tube. A laminar condition should be achieved in which the filament of dye passes 

down the complete length of the tube without disturbance. 

4 Slowly increase the flow rate by opening the discharge valve until disturbances of the dye 

filament are noted. This is regarded as the starting point of the transition to turbulent flow. 

Increase the water supply as required maintaining the constant head conditions. 

5 Record the temperature of the water using the thermometer then measure the flow rate by 

timing the collection of the known quantity of water from the discharge pipe. 

6 Further increase the flow rate as described above until the disturbances increase such that 

the dye filament becomes rapidly diffused. Small eddies will be noted just above the point 

where dye filament completely breaks down. This is regarded as the onset of fully turbulent 

flow. Record the temperature and flow rate.  

7 Now decreases the flow slowly until the dye returns to a steady filament laminar flow and 



 

again record the temperature and flow rate. 

 

Fig. Experimental set up of Reynolds number apparatus. 

Observations: 

Coefficient of dynamic viscosity of fluid (𝜇) =  

Diameter of the pipe (d) = 

Area of collecting tank (A) = 

Sl. 

No. 

Rise of water 

level in 

collecting tank 

(h) 

Δt Discharge 
Flow 

velocity 
𝑅𝑒 

Flow 

type 

       

       

       

𝑣 = 4𝑄𝑎𝑐𝑡/𝜋𝑑2= 

𝑅𝑒= 𝜌𝑣𝑑/𝜇= 

Result: 

The flow in the pipe is found to be . 

 

 

 

 

 

 

 

 


