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Abstract 

The objective of this paper is to develop a mathematical model and an algorithm to design a multiple effect evaporator system. 

Also, it is required to make to evaluate the amount of steam saved by the use of vapour compression. The use of vapour compression 

allows us to use the energy in the vapour leaving the last effect. Since evaporators are energy intensive system, use of vapour 

compression can considerably reduce steam consumption, but at the cost of electrical energy needed to run the compressor. To 

achieve above targets a mathematical model based on non-linear equations is developed to design the multiple effect evaporator 

system of seven effects to concentrate black liquor.  The effect of mass to liquor ratio of 1.6, on response parameters for various 

time activities has been studied.  

Keywords: MLR RATIO, Dyeing Process, Souring, Optimization 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Evaporation ordinarily means vaporization of a liquid or that of a solvent from a solution. Thus water evaporates from a river or 

cane sugar juice is evaporated to concentrate it. In chemical engineering terminology, evaporation means removal of a part of the 

solvent from a solution of a non-volatile solute by vaporization. The objective of vaporization is to concentrate the solution. Typical 

examples are concentration of cane-sugar juice in a sugar plant, concentration of black liquor in paper mills, concentration of an 

aqueous solution of ammonium sulphate in a fertilizer plant and many others. However, if the entire solvent is vaporized out from 

a solution (or dispersion) leaving a solid residue as the product, the operations is called drying. Thus, milk is spray-dried to produce 

milk powder, and a detergent formulation is spray dried to get the detergent powder. Evaporation differs from distillation in the 

way that in the case of distillation a solution containing more than one ‘volatile’ compound is vaporized and the components are 

separated thereafter in a distillation column.  

II. LITERATURE SURVEY 

Dr. Nasir Mukhtar Gatawa and Prof. C. U. Aliyu (2013) [1] Presented that electricity consumption has significant positive influence 

on textile output. Stable and reliable power supply is necessary to generate optimum production at lower cost so as to enhance 

utilization of idle resources, expand factor incomes, improve competitiveness and expand overall textile output 

Prof. Tanaji Dabade and Dr. Shivaji Gawade (2012) [2] presented that the textile industry holds significant status in the India 

and it accounts for 14% of the total industrial production. It contributes to nearly 30% of the total exports and it is the second 

largest employment generator after agriculture.  

Khalil Elahee (2011) [3] Described the techniques and technologies of heat recovery from waste water and exhaust air are 

analyzed. Experiences prove that in most cases heat recovery requires low investment and has a low payback of normally less than 

2 years. The case of the Mauritian dyeing and finishing industry is highlighted, including the possible use of a low-cost heat 

recovery unit made from indigenous resources. 

Ali Hasanbeigi (2010) [4] presented information on energy-efficiency technologies and measures applicable to the textile 

industry. The guidebook includes case studies from textile plants around the world and includes energy savings and cost 

information when available.  An analysis of the type and the share of energy used in different textile processes have carried out. 

Subsequently, energy-efficiency improvement opportunities available within some of the major textile sub-sectors are given with 

a brief explanation of each measure. The conclusion includes a short section dedicated to highlighting a few emerging technologies 

in the textile industry as well as the potential for the use of renewable energy in the textile industry. 
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Mr. S. Ashok (2010) [5] presented that electricity consumption is increasing in Textile mills, due to prolonged use of the 

equipments in inefficient operating parameters. So focus area now is Energy consumption at load end and by optimizing the energy 

usage of textile machines, we can have multiple benefits of fewer units per kg of yarn and health of machines enhance. 

Ahmet Cay (2009) [6] described the study of the energetic assessment of exhaustion processes for textile fabrics using actual 

operational data. The process temperature and time, water inlet temperature and liquor ratio were found to be the main parameters 

that affect energy destruction rates. The effects of carry-over on energy destruction rates were also investigated. It was shown that, 

23% and 50% of total energy destruction rate were occurred by the bleaching and the washing steps for cotton finishing, 

respectively, while 32% of total was accounted for the dyeing step of polyester finishing. High temperature processes had higher 

energy efficiency values. 

Nahed S. E. Ahmed (2009) [7] described that the textile coloration is a wet process that uses dyes, chemicals, and large volume 

of water. The driving force being the need for cleaner, cost-effective, and value-added textile products. This review will provide a 

summary of recent developments in the coloration of textile fiber. Emphasis will be paid to the new technologies, in particular 

those based on physicochemical means such as nanotechnology, electrochemistry, supercritical carbon dioxide coloration, plasma, 

ultrasonic and microwave, and their uses in the coloration of textile fibers. 

III. MATHEMATICAL MODELING 

 Energy Balance: 

Energy conservation applied to a differential volume element gives:  

E|t+Δt - E|t = (Q –Qw) Δt 

Where, 

E = Energy (J), 

t = Time (s),  

Q = Rate at which energy enters the differential volume through the plate (J/s), 

Qw= Energy removed by the evaporation of water. 

Energy removal due to evaporation is given by:  

Qw = W × Cpv 

Where, 

W= Evaporated water mass flow rate (kg/s) 

W=[ a∆z × U × (Tw – T)] / Cpv 

Where, 

Cpv = Specific heat of evaporation (J/kg), 

a∆z = Mass of water evaporated from a surface of size 

Tw = Wall temperature on the steam side (K) 

T= Black liquor temperature (K) 

U = Overall heat transfer coefficient (w/ m2K), defined as 

U = 1/ [(
w

 /Kw) + (1/
*

E
h )] 

Where, 

= Plate wall thickness (m) 

Kw= Wall thermal conductivity (w/mK) 

= Dimensionless film heat transfer coefficient for evaporator  

= [ hF (V2/g)1/3] / KF 

Where,  

hF = Film heat transfer coefficient for evaporation (w/m2K) 

V= Black liquor volumetric flow rate (m3/s) 

g= Gravitational acceleration (m/s2) 

KF = Film thermal conductivity (w/m K) 

Heat transfer coefficient is function of the black liquor concentration, temperature, and mass flow rate. The amount of energy 

entering the differential volume is given by. 

Q = a∆z × U × (Tw – T) 

Dividing equation 3.2 by ∆ t and taking the limit as ∆ t → 0 gives 

w

dE
Q Q

dt
 

 

Thus it is assumed that there is no accumulation of energy and that only a phase change occurs.  Therefore  
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But we have seen that, there is a small accumulation of energy, due to the boiling point rise. However, at the operating limits 

for a single evaporator, this change can be neglected 

IV. RESULT AND DISCUSSION 

 
Fig. 4.1: Flow diagram for dyeing process 

Table - 4.1 

Scouring 

Shade-

BLACK 

Wt-

0.980kg 

MLR-

1:6 
         

Particulars Device Quantity 
Total 

mass 
Cp 

Temp 

In 

Temp 

Out 
∆T Q=MCp∆T 

Total 

Process 

time 

Heat 

from coil 

Total 

heat 

Unit  Kg Kg KJ/KgK K K K  hr KJ/sec KJ 

Cotton  0.98 0.98 1.339 308 363 55 72.2098    

Water  1:06 6 4.186 308 363 55 1381.38    

L.F 
Main 

Tank 
1% 0.01 4.186 308 363 55 2.3023    

       0 1455.89 0.83   

Water in 

M.T 
M T 1:06 6 4.186 308 353 45 1130.22    

Cotton M T 0.98 0.98 1.339 363 353 -10 -13.1291    

        1117.09 0.41   

       Total 2572.98 1.24 0.7 3124.8 

Table - 4.2 

Results 

Process Total Heat   Required Total Heat Supplied 

Scouring 2572.983 3124.8 

Dyeing 2199.82 5871.6 

Soaping 4627.81 4788 

Finishing 399.51 1663 

Total 9800.123 15447.4 

Total heat loss= 5647.28 

% heat loss= % 

 

 
Fig. 4.2: Percentage loss Vs Temperature 
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V. CONCLUSION 

- It is observed from table 4.9 and calculation that the heat consumption is increases as the temperature is increased. The 

optimized values of parameters are found out for minimum heat loss. The graph1 shows comparison of heat loss at various 

temperatures and time and optimization occurs at point 60°c and 50 minutes. so it is concluded that at temperature 60°c  and  

50 minutes process time there is no any mixing of  colors, mechanical strength of thread, life of thread and quality of thread 

is better. If the temperature or is reduced or increased there are lot of quality related problems occurred. 

- Thus the heat loss for the process with old parameter is 6889.12 KJ and the heat loss during process as per the optimized 

parameter is 5095.12 KJ. 

- So, the heat energy saving by process optimization is 1794 KJ. 
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