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Laboratory Assignment 

Background
This assignment is based on the discussion on Toricelli’s Principle in the subject HET124 Energy and Motion. A 1.2 m high, 0.9 m diameter cylindrical water tank with an open top is initially filled with water. Now the discharge plug at the bottom of the tank is pulled out. A jet of water flows from the tank and has a 1.3 cm diameter. The average velocity of the water jet is given by Torricelli’s Principle as:
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Equation 1
where Vjet is the jet velocity, g is the gravitational acceleration and h is the height of the water in the tank.
The time that it takes to drain the tank may seem easy to calculate at first as the tank volume is known (and hence the mass of water in the tank) and the jet mass flow rate can easily be calculated:
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Equation 2
where V is the volume of the tank and ρ is the density of water

and
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Equation 3
where 
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 is the jet outlet water mass flow rate and Ajet is the water jet cross sectional area.
However, as water flows out of the tank, the tank level h continually decreases and hence the jet velocity Vjet reduces with time.  This problem can be solved in two ways. 

Firstly, a differential equation can be established for the problem and then integrated to find the precise time. The differential equation for this problem is given by the conservation of mass principle:
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Equation 4

There is no inflow into the tank, and the outflow rate is given by equation 3. The mass of water in the tank mtank is given by equation 2. Hence equation 4 can be rewritten as:
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Equation 5
Taking the constants ρ and Atank out of the differential on the right-hand-side, replacing the areas Ajet and Atank with diameters Djet and Dtank and separating the variables give:
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Equation 6
The time can now be obtained by integrating equation 6:
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Equation 7
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Equation 8

Secondly, the time can be solved numerically (using a parametric table) by applying equations 1, 2 and 3 for small time steps, with each time step taking account of the reduced water level h and hence a reduced jet velocity Vjet. Note that this is strictly speaking the same as taking small differential increments (hence setting up a differential set of equations) and summating the results (integration). In this respect, it is no different from the first method.

Variables and Naming

Use the following names for the variables:


Variables used in both methods

h_0 

(initial tank water level height)

h_1 

(final tank water level height)

D_tank

(water tank diameter)

D_jet 

(water jet diameter)

g


(gravitational acceleration)

T


(water temperature)

P


(water pressure)

rho


(water density)

A_tank

(tank cross sectional area)
A_jet 

(water jet cross sectional area)
Variables used in the analytical (first) method
t

(time needed to drain the tank from h_0 to h_1 using equation 8)

t_int
(time needed to drain the tank from h_0 to h_1 using EES to integrate equation 6)

Variables used in the numerical (second) method
t




(total time from start to the current run, equal to t_old + DELTAt)

DELTAt 


(time increment to be used in the parametric table approach)
t_old 



(the time in the previous parametric table run)

h_old 



(the height in the previous parametric table run)

V_jet 



(the jet velocity, based on h_old)
m_dot 



(the mass flow rate of the water jet)
DELTAm_tank 
(the change of the mass of water in the tank over the period DELTAt)
DELTAh 


(the change in tank water level height over the period DELTAt)
h 




(the new height of the tank water level height after the period DELTAt)
m_tank


(the mass of water left in the tank after the period DELTAt)
Setup and Initial Values:

Set the unit system using a directive ($UnitSystem) at the top of the file to appropriate units.

Assume the following constant values:


h0 = 1.2 m


h1 = 0.6 m


Dtank = 0.9 m


Djet = 1.3 cm


g = (to be obtained from the predefined constants in the EES library)


T1 = 15 C

P1 = 100 kPa
Use the EES library to establish the density of water ρ (constant) at T1 and P1.
Task 1:
Calculate the time needed to drain the tank from h0 to h1 by solving equation 8. Also, use EES’s built-in integration function to solve equation 6 to obtain the same result. These calculations are done by pressing the F2 key.

Wrap these two equations in the following directive to ensure that they are not solved when the second method (parametric table) is run:


$IfNot ParametricTable


….
Equation 8 goes here


….
Equation 6 goes here


$EndIf
Task 2:

Task 2 consists of solving for the time needed to drain the tank as before, but using a parametric table. As explained before, one can solve for the time by performing calculations on the tank system in small time increments and summating the results. To do this, wrap the appropriate equations in another directive so that they are only solved when the parametric table is run: 
$If ParametricTable

…. All calculations are placed between these directives
….

$EndIf
The method follows the following steps (placed between the above directives):

· Define the time increment (Δt) as 5 seconds (but you can play with this).
· Obtain the time from the previous run (told). To retrieve values from the parametric table, use the TableValue function. The current run (row) number in the parametric table is given by TableRun#, so the previous run is given by TableRun# - 1.
· Obtain the tank water level height from the previous run (hold). This is obtained in exactly the same way as told above.
· Calculate the current time (t) by adding the time increment Δt to told
· Calculate the jet velocity (
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) based on hold using equation 2.
· Calculate the jet mass flow rate (
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) using equation 3.
· Calculate change in the mass of water in the tank (Δmtank) by multiplying the jet mass flow rate [kg/s] with the time increment [s].
· Calculate the change in tank water level (Δh) from knowing Δmtank, the density of the water ρ and the tank cross sectional area Atank.
· From this, the new tank water level h can be calculated since hold and Δh is known.
· With this new value of the tank water level height h, the mass of water now in the tank (mtank) can be calculated.
Create a parametric table with 160 runs that contains the following variables (and in this order) and ensure that their units are correctly set:


t


h


Vjet
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mtank
Manually enter the first run value for t as 0 seconds and h as 1.2 m. From the Calculate > Solve Table menu, set the first run number as 2. This is necessary as the calculations need only be done from the second table run onwards as the first table row is now used to give only the fixed starting conditions.

Running the table will now increase the value of t whilst solving for all the other variables listed in the table. Since the solution occurs when the value of h is equal to h1 (0.6 m), scroll down the table and note the time t when this occurs. This time should be very close to the results obtained before.
Create a plot of tank water level height h vs time t and indicate on it the time when a tank water level height of 0.6 m is reached. 
Save your file precisely in the format given below. If you don’t, it will not be marked:
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