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Abstract

This paper explains how water level in a tank of given specifications can be

predicted. Using differential equation, Torricelli’s equation for fluid velocity, we

calculate the water level. Gnu-Octave script helps us to plot the process of emptying

the tank in due course.

1 Introduction
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Figure 1: Tank Level

Refer to the figure 1. This tank has cross sectional area B. A water outlet has a hole
with cross sectional area A. We are to find out the relation between the change in water
level and time. For this purpose we use Torricelli’s equation.

V (t) = 0.600
√

2 ∗ g ∗ h(t) (1)

Here, V (t) is the velocity (function of time) of outcoming water,
h(t) is height of the water level (function of time) from the water outlet.
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g is earths gravitational accelration- 9.81 m/sec2

0.600 is Borda’s constant for a small outlet hole.

2 Mathematical Model

The data from the figure 1, is used to find out the relation between change in water level
and time. We develop a mathematical model using following concepts:

Outcoming water volume is proportional to water velocity V(t), c/s area of outlet A
and time ∆t.

Change in inside water volume ∆h ∗ B is proportional to the change in water level
and tank c/s area.

The above two water volumes must be equal.

B ∗∆h = V (t) ∗∆t ∗ Aoutlet, (2)

∆h

∆t
=

V (t) ∗ Aoutlet

B
(3)

From these equations, and equation 1, we form a differential equation:

dh

dt
=

0.6 ∗
√

(2 ∗ g ∗ h(t) ∗ Aoutlet

B
(4)

This differential equation can be used as the mathematical model for our problem.

3 Solving the Differential Equation

For sample parameters,
B = Tank c/s area = 1m2

Aoutlet = 1cm2 = 1 ∗ 10−4 m2

h(0) = 1.5 m = Initial water level
We form the differential equation:

h′ = −2.658e− 4 ∗
√
h (5)

3.1 GNU-Octave Code

GNU-Octave can be used to solve the differential equation:5. The source code is here:

#Predicting water level in a tank, solving differential equation.

#

clear();# clear all variables

clc();# clear console

h0 = 1.5;# water level in meters at time 0
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T = 0:.1:4800;

# Area of the tank hole

## usage: h = wlevel (y,x)

##

##

function ydot = f (y,x)

ydot = -2.658*2e-4*sqrt(y);#2e-4 is hole area

endfunction

X = lsode(’f’,h0,T);

plot(T,X,"linewidth",2);grid minor

xlabel("Seconds");ylabel("Height in Meters");

print -deps tank.eps

3.2 Tank Emptying Process

The gnu-octave script prints a plot in eps format which is produced here in figure 2. It
describes how the tank is emptied in due course of time.
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Figure 2: Emptying Tank
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