
Expt. No. 9 

DIGITAL SIMULATION OF LIQUID LEVEL CONTROL SYSTEM USING 

LABVIEW 

 

Aim: 

 To model and simulate a tank liquid level control system. 

 To get hands on experience in the virtual instrumentation software LABVIEW. 

 

Mathematical Model 

The system to be simulated is a liquid tank, see the figure below. The simulator will calculate 

and display the level h at any instant of time. The simulation will run in real time, with the 

possibility of scaled real time, thereby giving the feeling of a "real" system. The user can adjust 

the inlet by adjusting the pump control signal, u. 

 

 

Liquid Tank 

Any simulator is based on a mathematical model of the system to be simulated. Thus, we start by 

developing a mathematical model of the tank. 



We assume the following (the parameters used in the expressions below are defined in the figure. 

 The liquid density is the same in the inlet, in the outlet, and in the tank. 

 The tank has straight, vertical walls. 

 The liquid mass and level are related through 

m(t) = ρAh(t) 

 The inlet volumetric flow through the pump is proportional to the pump control signal: 

qin(t) = Kuu(t) 

 The outlet volumetric flow through the valve is proportional to the square root of the 

pressure drop over the valve. This pressure drop is assumed to be equal to the hydrostatic 

pressure at the bottom of the tank (sqrt means square root): 

qout(t) = Kv sqrt[ρgh(t)] 

Mass balance (i.e., rate of change of the mass is equal to the inflow minus the outflow) yields the 

following differential equation: 

dm(t)/dt = ρqin(t) - ρqout(t)]        (1) 

or, using the above relations, 

d[ρAh(t)]/dt = ρKuu(t) - ρKvsqrt[ρgh(t)]        (2) 

We will now draw a mathematical block diagram of the model. This block diagram will then be 

implemented in the block diagram of the simulator VI. As a proper starting point of drawing the 

mathematical block diagram, we write the differential equation as a state-space model, that is, as 

a differential equation having the first order time derivative alone on the left side. This can be 

done by pulling ρ and A outside the differentiation, then dividing both sides by ρA. The resulting 

differential equation becomes 

d[h(t)]/dt = (1/A)*{Kuu(t) - Kv sqrt[ρgh(t)]}        (3) 

This is a differential equation for h(t). It tells how the time derivative dh(t)/dt can be calculated. 

h(t) is calculated (by the simulator) by integrating dh(t)/dt with respect to time, from time 0 to 

time t, with initial value h(0), which we here denote hinit. To draw a block diagram of the model 

(3), we may start by adding an integrator to the empty block diagram. The input to this integrator 

is dh/dt, and the output is h(t). Then we add mathematical function blocks to construct the 

expression for dh/dt, which is the right side of the differential equation (3). The resulting block 

diagram for the model (3) can be as shown in the figure below. 



 

Mathematical block diagram of Differential Equation (3) 

The numerical values of the parameters are shown in the front panel picture below. 

We will assume that there are level alarm limits to be displayed in the simulator. The limits are 

AH_h = 0.9m (Alarm High) 

AL_h = 0.1m (Alarm Low) 

The block diagram developed above will be implemented in a Simulation Loop in the Block 

diagram of our simulation VI. 

The Front Panel and Block Diagram 

The subsequent figures show the front panel and the block diagram of the complete VI. 

http://www.techteach.no/labview/lv86/sim_module/index.htm#fig_tanksim_fp


 

 

Front Panel 



 

Block Diagram



Excersise: 

1. Obtain the mathematical model for a liquid level control system which includes a suitable 

controller to maintain the height of the system to a set value. 

2. Build up a Labview VI with the controller, such that it includes a provision to vary the 

controller parameters through the front panel. 

3. Tune the controller parameters for best performance and report the variation of tank 

height with respect to time, for a step variation in the set point. 

 


