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Preface: 
Welcome from Chairman of 2nd ISFACHE 2014 

It is our great pleasure to have you at the 2nd International Seminar on Fundamental and Application 
of Chemical Engineering 2014 in Bali Island, Indonesia in conjunction with the 2nd joint symposium 
ITS-NTUST 2014. The international seminar on Chemical Engineering has become an important 
annual forum for academicians, researchers and professionals from both public and private 
organizations in the South East Asia and the Asia-Pacific regions. It is organized to serve as venue 
to exchange knowledge and information of relevance to the chemical engineering.  
The conference covered all aspects in chemical engineering including biochemical engineering, 
catalysis and reaction engineering, clean energy systems and the environment, conventional and 
renewable energy, nanomaterials and nanotechnologies, polymer engineering and material 
processing, process system engineering, thermodynamics and transport phenomena. It was a good 
opportunity to discuss the recent progress in chemical engineering. We hoped the conference would 
provide the young scientists to gather together and form a network in the South East Asia and in the 
Asia-Pacific for the future collaboration. 
Thank you very much for your participation and contribution for the conference. 

Surabaya, 1  

Prof. Renanto Handogo 
Organizing Committee Chair 
Department of Chemical Engineering 
Institut Teknologi Sepuluh Nopember 
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Abstract 

The open loop experiment of pure capacity system for 2 liquid tanks in series has been successfully done in laboratory [1]. 
Two square tanks were designed and arranged in series for investigation in laboratory. The water stream with its 
volumetric rate of fi(t) [cm3/min] was flowed to the 1st tank (Tank-1). The liquid in Tank-1 was then be pumped to the 2nd 
tank (Tank-2), with its volumetric rate of f1(t) [cm3/min]. The volumetric rate of f1(t) can be adjusted by changing the 
voltage of the pump, m(t) [volt]. This study has proposed the liquid level control configuration of 2 tanks in series 
system. In this work, the water volumetric rate  of fi(t) was considered as a disturbance. The liquid level of Tank -1 h1(t) 
was kept constant by manipulating the voltage of the pump m(t). The output volumetric rate of Tank-2 f2(t) was chosen 
as a manipulated variable to control the liquid level of Tank -2 h2(t). The P-only-control was implemented to control the 
liquid level of Tank-1 and PI-control to control the liquid level of Tank-2. Control parameters were tuned by trial and 
error with minimum integral criteria. The controller gain (Kc) for liquid level control of Tank-1 (LC-1) was found -50 
volt/cm, and for Tank-2 (LC-2) was -500 cm2/minute. The integral time ( I) for LC-2 are 2 minute and 0.1 minute. In 
order to examine the control configuration, the input water volumetric rate disturbance (with amount of ±14%) was made 
based on step function. The closed loop dynamic simulation using computer programming has been done. The developed 
mathematical model of liquid level control in this system was solved numerically. Scilab software was chosen to 
examine such mathematical model. Integral of the absolute value of the error (IAE) for LC-1 and LC-2 were 6.1 and 3.6, 
respectively. This study revealed that the proposed control configuration with its tuning parameters gave a stable 
response to a change in the input water volumetric rate. 
 
Keywords: Closed Loop; Dynamic Simulation; Open Loop  ; PI Control; Pure Capacity; Step Function;. 

1. Introduction 

Pure capacity system is also known as an integrating system and widely used in chemical process 
industries. The pure capacity or integrating system is defined as a system with the transfer function equals to 
1/s[7]. This system can be found in the multi-capacity processes such as non-interacting-tank and interacting-
tank. This pure capacity process consists of two (or more) tanks arranged in series, where the fluid from one 
tank is flowed to the other tank by means of a transfer pump. The input disturbance changes (e.g. the inlet 

of automatic liquid level control is therefore very important. 
Some experiments in field of process dynamic and control have been done in laboratory. The open loop 

liquid level and temperature dynamic in a non-interacting-tank system with recycle stream has been done[4], [5]. 
Also, the design of process control configuration for non-interacting-tank system by using quantitative analysis 
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of Relative Gain Array (RGA) has been presented by Hermawan, Y.D. et al. [3]. This research was then 
continued with study on the dynamic simulation and control in a non interacting tank [2]. Recently, the open loop 
experiment of 2 tanks in series as a pure capacity system has been successfully done by Hermawan, Y.D. et al. 
in 2014 [1].  The study on closed loop dynamic simulation and liquid level control in 2 tanks in series will be 
done in this work. The closed loop responses of liquid level contro l configuration will also be explored. 

2. Experimental 

Fig. 1 shows the experimental apparatus setup [1]. Water was used as a fluid in this work. As shown in 
Fig. 1, No 1 and No 2 are Tank-1 and Tank-2 respectively that arranged in series. The inlet water flowrate 
to the Tank-1 fi(t) could be adjusted by valve (No 7a). Water from the Tank -1 was then flowed to the 
Tank-  flowrate could be adjusted by means of an 
electric volt regulator (No 4). Thus, the outlet water flowrate from Tank-1, f1(t), was influenced by the 
electric voltage of pump m(t). But, the water outlet from Tank-2 depended on the liquid level in Tank-2. 
The steady state parameters of 2 tanks in series system had been found experimentally in laboratory, and 
they are shown in Table 1[1].  

 

 

Fig. 1. The experimental Apparatus Setup[1]. 

 
Mass balance of Tank-1 can be written as follows: 

 (1) 

The output flowrate of the Tank-1 f1(t  
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 (2) 

Mass balance of Tank-2 is: 

 (3) 

Table 1. Steady State Parameters[1].  

No Variable Steady State 
1 Volumetric flowrate of stream-i, fi [cm3/minute] 14,125.76 
2 Volumetric flowrate of stream-1, f1 [cm3/minute] 14,125.76 
3 Volumetric flowrate of stream-2, f2 [cm3/minute] 14,125.76 
4 m [volt] 63 
5 Liquid level in Tank-1, h1 [cm] 10 
6 Liquid level in Tank-2, h2 [cm] 10 
7 Pump process gain, Kp [cm3/(minute.volt)] 224.22 
8 Pump process time constant, p[minute] 1 
9 Cross-sectional area of Tank-1, A1 [cm2] 400 

10 Cross-sectional area of Tank-2, A2 [cm2] 400 
 

Liquid level control configuration of this system is illustrated in Fig. 2. There are 2 couples of CV-MV 
in the control configuration as shown in Table 2; they are liquid level controller for Tank-1 (LC-01) and 
liquid level controller for Tank-2 (LC-02). Since the Tank-1 with its pump is as a pure capacity system, the 
P-only control is enough for controlling its level. But, PI control would be implemented for controlling the 
liquid level of Tank-2. The control parameters for 2 level controllers were tuned by trial and error with 
minimum integral criteria and listed in Table 2 m(t) and the outlet flowrate of Tank-2 
f2(t) were chosen as the manipulated variables (MV) to control the liquid levels for Tank-1 and Tank-2, 
respectively.  

 

 

Fig. 2. The Liquid Level Control Configuration of 2 Tanks in Series. 

Table 2. Couples of CV-MV and Control Parameters 

Controller CV MV Control 
Type 

PI Control Parameters  IAE Kc I 
LC-01 h1(t) m(t) P -50 [volt/cm]  6.1 
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LC-02 h2(t) f2(t) PI -500 [cm2/minute] 0.1 [minute] 3.6 
Manipulated variables for 2 level controllers are as follows: 

Manipulated variable of LC-01:  (4) 

 where:  (5) 

Manipulated variable of LC-02:  (6) 

 where:  (7) 
Integral of the absolute value of the error (IAE) for both controllers can be calculated as bellows [6]: 

  IAE of LC-01:  (8) 

 IAE of LC-02:  (9) 

The developed mathematical model of the liquid level control configuration system was solved 
numerically with the easiest way of explicit Euler. The Scilab software was chosen to carry out the closed 
loop dynamic simulation. In order to examine the performance of the developed level control 
configuration, the input mass disturbance load was made based on step function. The input volumetric 
rate of Tank-1 fi(t) was changed ±14% from its initial value. The closed loop responses of control system 
to a change in the mass disturbance load will then be explored in this work. 

3. Results and Discussion 

Fig. 3 shows the closed loop responses to a change in the inlet volumetric rate of Tank-1 (fi). Solid lines 
in Fig. 3 are the closed loop responses to a step-increase change in the inlet volumetric rate of Tank-1 (fi). 
The volumetric rate fi was increased by an amount of 2000 cm3/minute (from 14,125 cm3/min to 16,125 
cm3/min). As can be seen from Fig. 3, all controlled variables oscillate and finally return to its set point. The 
liquid level of Tank-1 (h1) oscillates, dies out, and finally backs to its set point at time about 12 minutes 
(Fig.3.a). The pump  (m) is manipulated to maintain the liquid level in Tank-1 at its set point (Fig. 
3.b value of 71.8 volt at time equals 12 minutes (Fig. 
3.b). The characteristic change of Tank-1 propagates to the next tank, i.e. Tank-2. The dynamic behaviour of 
liquid level of Tank-2 is similar with that in Tank-1. However, the liquid level of Tank-2 can be returned to 
its set point of 10 cm at time equals 12 minutes (Fig. 3.c). The output volumetric rate of Tank-2 (f2) is 
manipulated to keep the liquid level of Tank-2 constant. The volumetric rate f2 rises a new steady state value 
of 16,125 cm3/min at time equals 12 minutes (Fig. 3.d). 

Dashed lines in Fig. 3 are the closed loop responses to a step-decrease change in the inlet volumetric rate of 
Tank-1 (fi). The volumetric rate fi was decreased by an amount of -2000 cm3/minute (from 14,125 cm3/min to 
12,125 cm3/min). Since the input volumetric rate of Tank-1 decreases, it is understandable that the liquid level 
in Tank-1 (h1) descends first, and then it can be returned to its set point at time about 12 minutes (Fig. 3.a). In 
order to keep the liquid level h1 constant at its set point, the volumetric rate of f1 should be decreased. This is 

m
54.2 volt at time equals 12 minutes (Fig. 3.b). Again, response of liquid level h2 is similar with that of liquid 
level h1. The liquid level h2 can finally be backed to its set point at time about 12 minutes (Figure 3.c), and the 
volumetric rate f2 drops to a new steady state value of 12,125 cm3/min at time equals 12 minutes (Fig. 3.d). The 
IAEs of LC-1 and LC-2 has also been found; they are 6.1 and 3.6, respectively, as listed in Table 2. 
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Fig. 3. The Closed Loop Responses to a Change in the Inlet Fowrate fi(t): (a) Liquid Level of Tank-
Voltage, (c) Liquid Level of Tank-2, (d) Outlet Flowrate of Tank-2. 
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4. Conclusion 

This paper has discussed dynamic simulation and liquid level control in a pure capacity system (2 tanks in 
series). The developed liquid level control configuration has been examined through rigorous dynamic 
simulation. As can be seen from our closed loop dynamic simulation, the control configuration with its P -
control and PI-control parameters gives stable responses to a change in the input mass disturbance load. This 
study also reveals that by tuning the appropriate control parameters, stable and fast responses can be achieved . 
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Nomenclature 

A1,2 cross sectional area of Tank 1,2 [cm 2]  

e1,2  error for LC-01 and LC-02 [cm] 

fi,1,2 volumetric rate of stream i, 1, 2 [cm3/minute] 

h1,2 liquid level of Tank 1, 2 [cm] 

h1
SP set point of liquid level of Tank-1 [cm] 

h2
SP set point of liquid level of Tank-2 [cm] 

Kp [cm3/(minute.volt)] 

Kc proportional gain of controller: Kc1 [volt/cm] ; Kc2 [cm2/minute] 

m  

t time (minute) 

V1,2 liquid volume of Tank 1,2 (cm3) 

Greek letters 

 liquid density (gr/cm3) 

I integral time constant (minute) 

p  
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