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Abstract. The background of this research is to understand the operation process which is the overall main goal for 
developing the process model. This model is often used for operator training, process design, safety system analysis or 

t temperature by using refrigerant unit. The 
process being investigated was a Packo brand milk cooling tank belong to KUD SAE Pujon (Malang). A fundamental 
method using heat balance were used to derive the model, leading to a first order transfer function process in Laplace 
Transform. Transient simulation then could be done in order to investigate the dynamic behavior of the cooling process. 
The process is first order. For 2 hr cooling process (to achieve the goal) then the gain and time constant values are 1.00 

 

Keywords: Laplace transfer function, simulation, dynamic study, batch cooling.  

INTRODUCTION 

Milk is a white liquid food that is rich in nutrients produced by mammalian milk glands [1]. This is the main 
source of nutrition for baby mammals, including human, before they can digest other types of food. Early lactation 
milk contains colostrum, which carries maternal antibodies to its young and can reduce the risk of many diseases. It 
contains many other nutrients including protein and lactose. Consumption of interspecies milk is common, 
particularly among humans, many of whom consume other mammalian milk. 

Milk collection schemes differ from country to country and there is no single scheme that can be applied 
universally. Raw milk is a very perishable product that must be collected and cooled in the next few hours to reduce 
losses due to spoilage and to preserve quality. As milk production is often far from markets and processing facilities, 
in Indonesia the milk cooling center at Koperasi Unit Desa provide the means to maintain quality through chilling 
and hygienic storage before further transportation to processing facilities (milk factory)[2].   

– and within three to four hours at 
the most - is recognized as the best way of preserving quality and avoiding spoilage. Therefore, it was done in 
Cooperatives (Koperasi unit Desa) as batch cooling process and this process are performed twice a day (in the 
morning and afternoon). However, in milk factory, milk cooling usually done in continuous process. 

The main problem that often occurs in dairy factories is the operator's lack of understanding of the process that 
occurs. This creates difficulties in controlling the process or in designing appropriate equipment when needed. 

The aim of this paper is to present the dynamic model of batch milk cooling process. The model in Laplace 
transform is important for controlling the process. Understanding the process operation is a major overall objective 
for developing a dynamic process model. This model is often used for operator training, process design, safety 
system analysis or design, or control system design [3]. 

Milk cooling is one of the largest consumers of elec
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Cooling Centers can be reduced by precooling the fresh warm milk using water from the mains supply or surface, 
well or groundwater. Precooling reduces the refrigeration load, thereby reducing costs and energy needs. When the 
temperature difference between the water and the fresh raw milk is significant, refrigeration costs can be reduced by 

temperature of water and fresh raw milk are about the same. The amount of energy needed for cooling depends 
mainly on the efficiency of the cooling system and the temperature difference in milk between the beginning and 

 
Chilled water can be used to gradually cool the milk in the bulk tank. Water can be chilled using a water chiller 

or an ice bank equipment, which usually consists of an insulated water tank with an evaporator and a holding vessel. 

circulation through an ice bank. Ice builds up around the copper tubes in cylindrical formation. Water is circulated 
 

and  

(precooling and refrigerant cooling) and tuned using Ziegler Nichols ultimate gain method [7]. However, no 
information for the plant models were provided.  

Coughanowr and LeBlanc [7] presented a fundamental method to obtain first order transfer function for mercury 
thermometer. In this paper, the method was adopted for derivation of milk cooling transfer function, which is similar 
in nature. 

atmosphere through condenser was recovered to improve the energy efficiency of the plant. The waste heat can be 
utilized to heat the water which was used to clean the milk processing equipment. Another modelling work but 
focuses on an ice bank for milk cooling after milking has also been performed [9]. Agustriyanto et.al [10,11] 
provided transfer function model for continuous milk cooling, while in this paper for batch cooling system. 

Operators in dairy factories often do not understand the process that occurs, so they cannot control or design 
equipment according to their needs. This is a major problem in dairy factories. 

The model addressed in this paper were based on fundamental theories or laws, such as the conservation of 
energy. Simulink were also used to simulate the model. Simulink is a block diagram environment for multidomain 
simulation and Model-Based Design. It supports system-level design, simulation, automatic code generation, and 
continuous test and verification of embedded systems. Simulink provides a graphical editor, customizable block 
libraries, and solvers for modeling and simulating dynamic systems. It is integrated with MATLAB, enabling us to 
incorporate MATLAB algorithms into models and export simulation results to MATLAB for further analysis. 
Therefore, it is easier for us to generate and analyze the data. 

BATCH MILK COOLING PROCESS AT KUD SAE PUJON 

The system being studied was the milk cooling facilities belong to Koperasi SAE Pujon as shown in Fig. 1. It is a 
rectangular milk cooling tank with a half cylinder tank contained therein. Rectangular tank as a place of cooling 
water, while the half cylinder tank as a container for milk. The scheme of the milk cooling tank is shown in Fig. 2. 

List of notations: 
V = Tank volume  

1T  = Temperature of chilled  

iT  =  

oT  =  

m  = Mass of milk in the tank (kg) 

pC  = Heat capacity of milk (kJ/kg.K) 

A  = Surface area of milk cooling tank (m2) 
U  = Overall heat transfer coefficient (kJ/kg) 

 = Density of milk (kg/m3) 
Q  = Heat released from milk to cooling water (kJ/min) 
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FIGURE 1. Packo milk cooling tank (courtesy of Koperasi SAE Pujon) 
 

 
FIGURE 2. Stirred milk cooling tank system seen for the side (Courtesy of Koperasi SAE Pujon) 

 
Table 1 shows steady state condition and parameter data for simulation. 

TABLE 1. Steady state and parameter data 

Parameters Values Units 
V   L 

iT  36  

oT    

1T  2  

pC  3.93 kJ/kg.K 
 1027 kg/m3 

m   kg 
U   kJ/min.m2  
A   m2 
Q  kJ/min
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density 
is known. The volume of chilled water is unknown, 1T  ) by using 
refrigerant. If we set the cooling time equal to 2 hours, then the total heat that must be released from milk to cooling 
water can be calculated as follows:            3693.3... TCmQ p                                                                                                      (1)  
                ..322  hkJ 2/  
     .   hkJ /  
        .2690    min/kJ                                                                                                                                 

Heat transfer area A  is the area of half cylinder can be calculated mathematically, where mr .0  and
mt .1  :                                  

       2.0..
2
1 mtrrA                  (2) 

Log mean temperature different (LMTD) for parallel flow then can be calculated [12] : 

 .11

2
236ln

2236

ln
1

2

12

T
T

TT
TLMTD                (3) 

Since      LMTDTAUQ ..                    
Then:  

 .U                    
Batch milk cooling process can be modelled based on energy balance as follows [7]: 
Unsteady state energy balance: 

 onAccumulatiOutIn                              (6) 
 onAccumulatiQQ outin          

 When 0inQ , then: 

 
dt
dQTAU ..0                                   

 
dt

dT
CmTTAU o

po ... 1                                

 
dt

dT
CmTTAU o

po ... 1                                 (7) 

Steady state energy balance: 
 0.. 1 oss TTAU                                 

Equation (7)-  

dt
dT

CmTTTTAU o
posos .. 11                (9) 

Taking Laplace Transform of both sides in Equation (9): 
 0... 1 oopo TssTCmsTsTAU               (10) 

When 0)0(oT , then: 
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The resulting Equation (11) is a first order process transfer function [3] with: 
Gain = pK = 1                 (12) 

 Time constant = p =  
AU

Cm p

.
.

                                                                                                                      (13) 

RESULTS AND DISCUSSION 

The milk cooling process in Cooperatives (Koperasi Unit Desa) is generally carried out as batch process. The 
batch process only depends on time. When the milk temperature has reached the expected, then the milk is released. 
Assume that the overall heat transfer coefficient (U) is constant, the result of the mathematical model according of 
Equation 11 is as follows: 

1.
1

)(
)(

1 ssT
sTo   

From the mathematical model of the batch system above, the simulation results were shown in Fig. 3. Based on 
Fig. 3, it can be seen that the 

 
 C at ab

times the time constant. The time constant is the time required for the first-order process to reach 63.2% to the new 
steady state value when a step disturbance is given to the input variable. 

 
FIGURE 3. Milk temperature profile 
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Now, suppose that cooling water temperature varies as shown in Fig.
tank can be investigated and shown in Fig. 
obtained easily using Simulink 

 
FIGURE 4. Temperature profile of inlet chilled water

 
FIGURE 5. Temperature profile of milk  
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CONCLUSION 

The result of the dynamic model is a first order transfer function as follows: 

1.
1

)(
)(

)(
1 ssT

sT
sG o  

The dynamic model of batch milk cooling process has been simulated using Simulink. Overall heat transfer 
coefficient (U) was assumed to be constant and could be calculated as the batch process finish in 2 hours. The milk 
temperature profile shows reasonable dynamic during the process. The proposed model can be useful for control 
purposes.  
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