
 

Teaching Assistant Instruction Guide for  

Hydraulics Lab – CE381  

Lab 1 – Data Analysis/Flow Measurements Lab 

Equipment 

 Flume with flowmeter 

 Several “Flowshperes” – e.g, Easter egg, tennis ball, whiffle ball, ping-pong ball 

 Weir (optional) 

 Stopwatches or timers 

 Ruler 

 Whiteboard marker 

Procedure (preparation) 

 Decide the angle of elevation of the flume (discuss how zero elevation will result in a more 

uniform cross-sectional area, which is important based on the simplified version of the 

conservation of mass (flowrate) equation that we are using. 

 Discuss other ways to make the flow more level, e.g. use a weir. 

 Have the students measure the cross sectional area of the flow once it is developed 

 Decide the distance over which to time the Flowspheres’ movement down the channel.  Discuss 

how a longer distance will be less impacted by error associated with timing the Flowsphere 

events.  Have the students measure and mark the chosen distance with white board markers. 

Procedure (experiment) 

 Have the students work in groups of 2-4, each assigned to a flowsphere. 

 Have the students decide how many trials they want to perform.  Perform the same number of 

trials for each Flowsphere. 

 Have each group place the Flowsphere in the flume and time its motion over the marked distance.  

Have them note the flow rate for each trial using the flowmeter.  From velocity and area, they can 

determine experimental flow rate values to compare with the value reported by the flowmeter. 

Lab 2 – Viscosity Lab 

Equipment 

 Scale (small for weighing spheres) 

 Scale (large for weighing fluid cylinders) 

 Ruler for measuring dimensions of graduated cylinders 

 Stopwatches or timers for timing the spheres moving through oil 



 Fluid-filled graduated cylinders 

 Empty graduated cylinder of the same size and material 

 Small spheres – need to order more 

 Calipers for measuring the diameter of the spheres 

Procedure - Preparation 

 Have students measure the cylinder to get all necessary dimensions (diameter for corrected 

velocity calculation, height of fluid for volume/density calculation, or just note the fill level using 

graduations) 

 Measure the distance over which the timing of the falling spheres will be performed.  Currently, 

there are three markings on each cylinder.  The students should measure distance between top-

middle and middle-bottom. 

 Weigh the empty cylinder and then the fluid-filled cylinder (or fill the empty cylinder) to 

determine the weight of the fluid. 

 Instruct student on use of stopwatch or timer.  The available timers have a “lap” function to 

measure the time required for several events 

Procedure – Experiment 

 Have the students measure the diameter and weight of each sphere.   

 Have the student drop the sphere into the fluid.  Doing so from a few inches above the surface, 

and imparting some initial velocity upon the sphere, will help it better approximate terminal 

velocity  

 Have the students time the sphere falling from point A-B, then B-C (using the supplied timers, the 

students will be measuring A-B and A-C.  A-B times can be compared with B-C times to make an 

observation about terminal velocity (i.e., if tAB = tBC, or is close, then approximately terminal 

velocity is met). 

Notes 

 Students should be clear that they need to calculate μ based on laminar assumption, then check 

that the assumption holds by finding the Reynold’s number based on μ.  If Re>2, then they should 

calculate μ for transitional flow. 

Lab 3 - Hydrostatics 

Equipment 

 Three hydrostatic lab apparatuses (one blue, two orange) 

 Three hanging 50 g weights (with hook) 

 Various weights (primarily 25 g and 50 g) to add to the hanging weight 

 Ruler 

 Sink 

 Filled water jug with dispenser/spout for ease of filling the apparatus tanks 

 



Procedure (preparation) 

 Level the device using the bubble level on the blue apparatus.  The two orange ones can only be 

leveled in one axis unless you have another level. 

 Measure all distances needed on the apparatus 

o Remember the goal is to find the moment about the pivot axis 

o Moment arm 

o Base and height of the plane surface (“gate”) 

 Level the arm on each apparatus 

o Question for students – should they put the weight on first, or fill with water first? 

o Put the 50 g hook on the end of the arm 

o Fill slowly with water until the arm level indicates that it is horizontal 

o Measure the depth of the water (or distance from pivot point to water) and note the 

weight on the arm (50 g) 

Procedure (experiment) 

 Once the arm is level, students should take 10 measurements: 

o Add a small weight (start with the smallest denomination, e.g. 25 g), and add water until 

arm is level.  Measure the depth of the water.  Note the depth and total weight on the arm 

(e.g. 50 g + 25 g). 

o Perform 5 measurements with the planar surface partially submerged, and 5 

measurements with the surface fully submerged. 

o When the surface is fully submerged, although there are forces from water acting on the 

curved surface, these act normal to the surface and directly through the pivot point of the 

arm (i.e. don’t contribute to moment about pivot axis). 

Lab 4 - Bernoulli 

Equipment 

 Venturi apparatus and adapter 

 Hydraulic bench 

 Timer/stopwatch 

Procedure (preparation) 

 Lab instructor should connect Venturi apparatus to the bench using the adapter, and get the device 

set up – it can be finicky, so you may have to try the following steps several times or in different 

orders 

 Turn on bench 

 Lower the flow as much as possible, and attempt to get rid of air bubbles in the tubes.  Tapping 

lightly may break up the bubbles.  Open the backpressure (red) knob all the way 

 Remove the large screw on top right of device to make the tubes at atmospheric pressure 

 Increase flow rate by adjusting knob on the bench (near the “On” switch) 

 Tighten red knob all the way  

 Let tubes fill 



 Re-pressurize by screwing vent knob back in 

 Lower flow rate 

 Release back pressure knob 

 Once there are no bubbles, release the vent knob (top right), then tighten again. 

Procedure (experiment) 

 Students should record the diameters from the apparatus 

 At one flow rate, students should measure the height (mm) of the water columns. 

 Find the flow rate by plugging the drain with the ball, and timing how long it takes to fill from 0L 

to 5L.   

 Repeat for each group (at least 3 flow rates) 

Notes 

 One assumption is that there is no head loss in the device 

Lab 5 – Minor Losses 

Equipment 

 Minor loss apparatus and adapter 

 Hydraulic bench 

 Timer/stopwatch 

Procedure (preparation) 

 Lab instructor should connect minor loss apparatus to the bench using the adapter, and get the 

device set up – it can be finicky, so you may have to try the following steps several times or in 

different orders 

 Turn on bench 

 Flow on all the way – it might feel as if flow is on all the way, but when you feel tension in the 

knob, it is just the valve engaging, and you need to turn on more. 

 Remove the large screw on top right of device to make the tubes at atmospheric pressure 

 Lower flow 

 Tighten large screw 

 Remove large screw (vent) and small screw (vent) to remove all air bubbles 

 Once air bubbles are out, crank up flow 

 Make sure that the last set of readings (far right tubes) do not go below the bottom of the device. 

 If you do this in advance, you can close the red knob (valve) and turn off flow.  BEFORE YOU 

START AGAIN, open the red knob and then turn on the flow. 

 Note that the first (upstream) red knob is also upstream of the last fitting (the Mitre).  If you 

adjust this too much, the Mitre flow and heights will be affected.   

Procedure (experiment) 

 Students should record the diameters from the apparatus – 18.3 mm diameter for all devices, 

except for the expansion which is 24 mm 



 At one flow rate, students should measure the height (mm) of the water columns for the tappings 

on each side of each device/fitting – record h1and h2 

 Find the flow rate by plugging the drain with the ball, and timing how long it takes to fill from 0L 

to 5L.   

 Repeat for each group (at least 3 different flow rates) 

Notes 

 The students need to take into account the change in velocity head for head loss 

Lab 5 

Equipment 

 Minor loss apparatus 

 Timer 

 Hydraulic Bench 

Procedure (Preparation) 

 Attach the minor loss apparatus to the hydraulic bench 

 Turn flow on, most likely all the way up 

 Open top valve (silver) to release pressure and remove air bubbles 

 Once air bubbles are out, crank up flow 

 You may have to adjust the two red valves (downstream) and the flow rate to get all the bubbles 

out and get the heights at the right level.  This can take several iterations. 

 Inform the students about the diameters of the fittings.  All tubing and fitting diameters are 18.3 

mm.  For the expansion valve, the diameter goes from 18.3 mm to 24 mm.  For contraction, the 

diameter goes from 24 mm to 18.3 mm. 

 The fittings are:  Expansion, Contraction, Long Bend, Short Bend, Elbow, Mitre 

 Explain that the flow must be turbulent in order to meet the assumptions of the equations 

discussed in lecture (i.e. they need to calculate the Reynolds number) 

Procedure (Experiment) 

 Split the class into groups of 3-4. 

 Each group should come up to apparatus and observe the different fittings, the heights, and how 

the tappings are connected from the flow path to the manometer tubing 

 Have each group record the heights of each tube and measure the flow rate (time to fill 5 L) 

 Each group should repeat the measurements at a different flow rate.  Students should use the 

entire dataset to show the linearity of the relationship of velocity head to headloss 

 

 



Lab 6 – Pipe Design video lecture 

 The class before this lab, go over the instructions with the class.  This lab may be able to fall over 

a holiday (e.g. fall break or spring holiday) 

 The video will be available during the time of the next lecture session 

 If you want, have students should identify groups of 2-3 by a certain date 

 Go over the three deliverables and delivery method (you could request them all via Moodle, via 

email, or spreadsheet by email and hardcopies of design report and student evaluations). 

Lab 7 – Jet Impingement  

Equipment 

 Jet Impingement apparatus attached to hydraulic bench 

 Timer 

 Case of small weights (20, 50, 100 g) and grey attachments (cone, inverted cone, flat plate) 

Procedure (Preparation) 

 Attach  the apparatus to the hydraulic bench 

 Get the case of weights and attachments out of the cabinet and take out the 60o cone, flat plate, 

and inverted cone.  Students can measure the cone to get the angle, or just tell them the angle 

 Divide class into groups of 3-4.  Each group will perform the trials for one of the three 

attachments.  Have the students measure the different fittings (diameter, angle of the cone, etc) 

 Have the students use the bubble balance to level the apparatus on the bench. 

 Highlight that the jet diameter is 8 mm 

Procedure (experiment) 

 Take off the top screws and put on the first attachment.  Replace the screw and TIGHTEN them! 

o With no flow and no weight, adjust the metal pointed indicator so that it is pointing at the 

metal ring. 

o Add a weight 

o Turn on the water, then adjust until the indicator is pointing at the metal ring again. 

o Measure the flow rate (time to fill 5 L) 

o Record the weight and the flow rate 

o Repeat until the group has completed 7 trials 

 Remove the top screws and switch the attachment.  The second and third groups should perform 

the same steps for the second and third attachments. 

 Note that the inverted cone can perform well with weights at larger increments (~100 g), but for 

the other two attachments the weight should be increased in small (~20 g) increments). 

 

 

 



Lab 8 – Open channel flow 

Equipment 

 Flume with flowmeter 

 Sluice gate 

 Measuring tape  

Procedure (Preparation) 

 Install the sluice gate somewhere in the middle of the rear half of the flume, secure with white 

bolts 

 Lower the gate almost to the bottom 

Procedure (Experiment) 

 Discuss and demonstrate how you know if flow is subcritcal or supercritical  

o If subcritical – you can make a wave propagate in the flow (using your hand) 

o If supercritical – it is moving too quickly 

 Subcritical upstream, supercritical downstream, note that the flow rate is the same up and down 

stream 

 Adjust the height of the sluice gate, and illustrate that upstream the depth reduces, downstream it 

increases 

 Measure upstream and downstream where flow is “uniform” depth.  Adjust the slope to get it at a 

uniform depth.   

 Do this for several different depths, and have students calculate the energy for a couple of them 

and show that the energy is the same for a particular subcritical depth and supercritical depth at 

the same flow rate.   

 Each student – adjust sluice gate.  Record slope and flow rate.  Take measurements upstream and 

downstream.  Calculate the specific energy upstream and downstream.   

Lab 9 – Hydraulic jump 

Equipment 

 Flume with flowmeter 

 Sluice gate 

 Measuring tape  

 

Procedure (Preparation) 

 Install the sluice gate near the back of the channel (somewhere behind the middle of the rear half 

of the flume, secure with white bolts) 

 Lower the gate almost to the bottom 

Procedure (Experiment) 



 Close two of the panels at the end of the channel 

 Adjust the sluice gate depth until you create a hydraulic jump 

 Adjust slope, flow rate, sluice gate height, end gate height to demonstrate different jumps 

 Students measure the height before the jump (supercritical) and after the jump (subcritical), and 

also the length of the transition (have at least three people measure the length of the jump and 

average it) 

 Record these height and length values and the flow rate for at least three trials.   

Lab 10 – Flow over weir 

Equipment 

 Flume with flowmeter 

 Rectangular weir and broad-crested weir 

 Measuring tape  

Procedure (Preparation) 

 Insert the weir (flat portion upstream) – rectangular crested weir 

 Hit the water so that an air pocket develops 

 When complete with first weir, turn off flow 

 Remove metal rod from bottom of flume, place it back in the same hole from the top 

 Get the broad-crested weir (wooden block, curved portion facing forward) and insert on top of the 

metal rod and push down.  Have a student or TA hold down the rod from below the flume 

Procedure (Experiment) 

 Note that flow reaches critical depth somewhere in the middle of broad-crested weir.  Measure 

height of weir (Hw) and critical depth (yc, height of water above weir). 

 Measure height of sharp-crested weir (Pw) and the height of the undisturbed flow (y_und).  H = 

y_und-Pw 

 Illustrate what a submerged weir looks like by closing all the downstream gates 

 Height upstream, critical depth over the weir 

 Discuss what the loss is over the weir (note that, as always in this lab, it is the same flow rate, 

both flows are subcritical) 

 


