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Appendix 

 

At the 140 MLD STP, initially the fine channels were employed using the Stainless-steel filter 

channels, thus representing a mechanical-based fine-screening facility. It separates the non-

homogeneous contents in the fresh sewage feed. Then, mechanical strategies like initial 

sedimentation and centrifuge mechanism were applied, where the residual grit particles could 

also be separated. After dewatering, the treated sewage Sludge then undergoes further 

separation using sedimentation at the primary clarifiers and secondary clarifiers to act with 

clarifying chemicals for generating bigger, faster-settling aggregates. that ease the mechanical-

based filtration through sedimentation [11]. The processing at the clarifiers is generally 

integrated with the aeration process. This provides sufficient duration for microbial growth 

inside the sludge that allows a healthy decomposition of the organic components and generate 

sludge. 

After the treatments at clarifiers, the sludge material is treated for removal of microorganisms 

via chemical treatments. At the 140 MLD STP, chlorine-based treatment is considered for 

hygenization and the treated water is discharged into the nearby river, Varuna. The processed 

sludge is proceeded to activate the sludge and increase the sewage water BOD or for 

stabilization via anaerobic digestion. The STP facility also integrated an anaerobic digestion 

facility for treating the sludge. In the anaerobic method, the digestion process is mostly carried 

out under mesophilic conditions (30⁰~42°C) [11]. Mesophilic digestion provides stability but 

lacks adequate hygiene. Whereas, the thermophilic fermentation (50-60°C) effectively reduces 

pathogens. Stabilization under thermophilic settings also shortens the digesting time. 

Thermophilic digestion uses more energy to heat sewage sludge and is more sensitive to slight 

changes in process parameters than mesophilic digestion [234]. The digestion process could be 
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carried out through anaerobic, aerobic, or composting manners to result biogas generation and 

nutrients-rich residue [11]. This biogas is utilized for energy extraction for the complete STP 

or supply for the grid power.The other commonly used strategies for residual sludge 

stabilization are thermal, and lime treatments. Composting sewage sludge yields organic 

fertilizer [20, 235]. 

With the experimental experience acquired at the 140 MLD STP Dinapur and systematic 

information from the literature works [19], a systematic schematic representation for the widely 

applied sequential sewage management processes has been presented in Figure A.1. The 

schematic representation designates the initial dewatering and drying techniques and depicts 

the median practiced strategies until the final disposal of the residuals. 
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Figure A.1. Sewage management processes layout 
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Considering the thermodynamic analysis, the in-cylinder fuel-air charge is considered as the 

closed system. The first law of thermodynamics for this system could be expressed as Eqn.1, 

where E is the total internal energy of the charge, Q is the heat supply and W represents the net 

work produced. 

dE dQ dW

d d d
= −

  
                                                                                                               (Eqn.1) 

Internal Energy of the in-cylinder gases is in fractions of the burned and unburned portions. 

Thus, its differential could be expressed as Eqn 2. 

p pm m
m m p p m m p p

de dmde dmdE
E m e m e m e m e

d d d d d
= +  = + + +

    
                                  (Eqn.2) 

By using the conservation of mass, Eqn.3 is formulated. 

p pm m
dm dmdm dmdm

= 0
dθ dθ dθ d d

+ =  = −
 

                                                                        (Eqn.3) 

Using Eqn.3, the Eqn.2 could be re-written as Eqn.4. 

( ) p pm
p m m p

dm dededE
e e m m

d d d d
= − + +

   
                                                                        (Eqn.4) 

The entity describing the mass fraction burned rate profile is dmp/dt [65]. This is dependent on 

the flame speed and is calculated from the burned zone geometry. It is expressed in terms of 

the density of unburnt charge (𝞀m), flame propagation speed (turbulant, ut) and the flame front 

area (Fs), as in Eqn. 5. 

p

m t s

dm
.u .F

dt
=                                                                                                                  (Eqn.5) 
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As the in-cylinder gaseous charge is assumed as the ideal gas, the differential of its specific 

volume with respect to the crank-angle variation would be as Eqn.6.  

 
2

RT d R dT RT dP 1 dT 1 dP
P RT

P d P d P d T d P d

  
 =   =  = − =  − 

     
                                  (Eqn.6) 

Also as, 
Ve c T= , the first law can be extended for the unburned mixture as Eqn.7. 

m m m m m m

m

dE dQ dW de dQ d1
P

d d d d m d d


= −  = −

     
 

                              m m m
V,m m

m m

dT dQ dT1 1 1 dP
c P

d m d T d P d

 
 = −  − 

    
                             (Eqn.7) 

Eqn.6 is further used to find the temperature profile differential for unburned charge respective 

to crank angle variation (Eqn.8) as m
m

m

P
R

T


=  and 

V,m m P,mc R c+ =  

  m m m m m m
V,m m

m m P,m m P,m

dT P dQ dT dQ1 dP 1 dP
c

d T m d d d c .m d c d

  
+ = +  = + 

      
                  (Eqn.8) 

The in-cylinder volume, V is a function of the crank angle, θand as the two-zone quasi-

dimensional modelling is adopted in this study, the V is assumed to be subdivided by the flame 

front into two zones (a zone with the unburned fuel-air mixture (Vm), another with the burned 

products (Vp)) [46].  Thus, V= Vm + Vp, and their crank ange derivative is presented as per Eqn 

9. The two zones behave with an ideal gas nature (of PV=mRT ), which results in derivation 

of Eqn. 10 and 11, respectively for the unburned mixture and burned products zones. 

( )
2

2 2

c 2

c c

L L
V = D a 1 cos sin

4 a a

 
−  + − −  

  

  ; V= Vm + Vp   

pm
VVV

= 0
θ θ θ


+ =

  
                                  (Eqn.9) 
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pm m m m m m m m m m m m m m m

2

m

mV R T dm m R dT m R T V R m T VdP P

P d P d P d m P P

   
= + − = − + − 

       
 

(Eqn.10) 

 
p p p p p p p p p p p p p p p p

2

p

V R T dm m R dT m R T V m R m T VdP P

P d P d P d m P P

    
= + − = + − 

       
        (Eqn.11) 

Substituting Eqn. 10 and 11 in Eqn.9 results in Eqn. 12. 

p p p pB m m m m

p m

V R m Tm V R m TV V P

θ θ m m P P P

    
= − + + −       

                                         (Eqn.12)  

Now, by substituting Eqn. 8 in Eqn.12, the differential for Tp is obtained as Eqn.13. 

      
p p pm m m m

p p p m

dT V dmV m R dTP dV V dP

d m R d m m d P d P d

  
= − − − +          

p p p pm m m m m m

p p p,m m p,m

dT R T dmR T m R dQP dV 1 dP V dP

d m R d P P d P c m d c d P d

    
 = − − − + +               

 

p p p pm m m m m m

p p p,m p,m

dT R T dmR T R dQ R VP dV dP V dP

d m R d P P d c P d c P d P d

  
 = − − − − +  

        
           (Eqn.13) 

 

Coupling Eqn.4 with the first law of thermodynamics (Eqn.1), and substituting Eqn. 8 and 13, 

results in Eqn.14. 

      ( ) p pm
p m m p

dm dede dQ dW
e e m m

d d d d d
− + + = −

    
 

( ) p pm
p m m v,m p v,p

dm dTdT dQ dV
e e m c m c P 0

d d d d d
 − + + − + =

    
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( ) p m m
p m m v,m

P,m m m P,m

dm dQ V1 dP
e e m c

d c m d m .c d

 
 − + + +     

   

            

p p pm m m m m m
p v,p

p p p,m p,m

R T dmR T R dQ R VP dV dP V dP dQ dV
m c P 0

m R d P P d c P d c P d P d d d

    
− − − − + − + =   

           

 

 

 

( ) p v,m v,m mm
p m

P,m P,m

dm c c VdQ dP
e e

d c d c d
 − + + +

  
              

           
v,p p p pm m m m m m

p p,m p,m

c .P R T dmR T R dQ R VdV dP V dP dQ dV
P 0

R d P P d c P d c P d P d d d

  
− − − − + − + =  

         
 

( ) p v,p p p v,p pv,m v,m mm m m
p m

P,m P,m p p

dm c .P R T c .P dmc c VdQ R TdP dV
e e .

d c d c d R d P P R d

 
 − + + + − − − 

     
 

            
v,p v,p v,pm m m m

p p,m p p,m p

c c c VR dQ R V dP dP dQ dV
P 0

R c d R c d R d d d
− + − + =

    
 

( ) p v,p mv,mm m m
p m v,p p

p P,m p p,m

dm c RcR T dQ
e e c T

R d c R c d

    
 − − − + − +             

 

            
v,p v,p v,pv,m m m m

P,m p p,m p p

c c V cc V R V dP dQ dV
1 P 0

c R c R d d R d

   
− + − + + =           

 

( )v,p v,p m pv,m m m m
p m v,p p

p P,m p p,m p

v,p v,pv,m m m m

P,m p p,m p

c c R dmc dQ R TdV dQ
1 P e e c T

R d c R c d R d ddP

d c c Vc V R V

c R c R

        
+ + − + − − − −                        − =

  
− +  

 

(Eqn.14) 
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