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APPENDIX-I 
 
Q୳୤= Qt + Qb       …. (A1) 
Useful heat gained from the top can be given by 
Qt, u = S.𝐴௙– 𝑈௅.𝐴௙(TL – Ta)         … (A2) 
Where𝑈௅.𝐴௙ (TL – Ta) is the heat loss from the lid of the vessel. 
Useful heat gained from the bottom can be given by 
Qb,u = X.𝐴௙.S – 𝑈௅.X.𝐴௙(Tpm – Ta)        … (A3) 
Hence placing the value of Eq. (A2) and Eq. (A3) into Eq. (A1), 
Q୳୤ = S.𝐴௙ – UL.𝐴௙. (TL – Ta) + X.𝐴௙.S – UL.X.𝐴௙(Tpm – Ta)     … (A4) 
Now  
Qb, u =𝐴௙. hct. (Tpm – TL)          … (A5) 
Equating Eq. (A3) and Eq. (A5), 
X. 𝐴௙.S – 𝑈௅.X.𝐴௙Tpm + 𝑈௅.X.𝐴௙ Ta =𝐴௙.ℎ௖௧Tpm–𝐴௙.ℎ௖௧.TL 
X. 𝐴௙.S + 𝑈௅.X.𝐴௙ Ta+𝐴௙.ℎ௖௧. TL=𝐴௙. Tpm (X.𝑈௅+ℎ௖௧) 
Dividing by𝐴௙. (X. 𝑈௅+ℎ௖௧), we get 

ଡ଼.ୗ 

ሺଡ଼.௎ಽାℎ೎೟ሻ
 + 

௎ಽ.ଡ଼.୘ୟ 

ሺଡ଼.௎ಽାℎ೎೟ሻ
 + 

ℎ೎೟
ሺଡ଼.௎ಽାℎ೎೟ሻ

.𝑇௅ = Tpm 

X1.S + X2. Ta + X3. TL = Tpm         … (A6) 

Where, X1 =
ଡ଼ 

ሺଡ଼.௎ಽାℎ೎೟ሻ
          … (A6.1) 

X2 = 
௎ಽ.ଡ଼ 

ሺଡ଼.௎ಽାℎ೎೟ሻ
           … (A6.2) 

 X3 = 
ℎ೎೟

ሺଡ଼.௎ಽାℎ೎೟ሻ
          … (A6.3) 

 
Substituting value of Tpm from Eq. (A6) in Eq. (A4), we get 
Q୳୤ = S.𝐴௙– 𝑈௅.𝐴௙. (TL – Ta) + X.𝐴௙S – 𝑈௅.X.𝐴௙.( X1.S+ X2. Ta + X3.TL) + 𝑈௅.X.𝐴௙ Ta 
Q୳୤ = S.𝐴௙– 𝑈௅.𝐴௙TL+ 𝑈௅.𝐴௙ Ta + X.𝐴௙.S – 𝑈௅.X.𝐴௙.X1.S– 𝑈௅.X.𝐴௙ X2.Ta 
– 𝑈௅.X.𝐴௙X3.TL + 𝑈௅.X.𝐴௙Ta 
Q୳୤= S [𝐴௙+ X.𝐴௙– UL.X.𝐴௙X1] + Ta [UL.𝐴௙– UL.X.𝐴௙X2 + UL.X.𝐴௙]– TL [UL.𝐴௙+ UL.X.𝐴௙X3] 
Q୳୤= X4S + X5.Ta – X6.TL            … (A7) 
Where, 
X4 = [𝐴௙+ X.𝐴௙– UL.X𝐴௙. X1]         … (A7.1) 
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X5= [UL.𝐴௙– UL.X.𝐴௙X2 + UL.X.𝐴௙]       … (A7.2) 
X6= [UL.𝐴௙+ UL.X.𝐴௙X3]        … (A7.3) 
Considering heat transfer between vessel lid and the food from bottom 
Qb, u = hf.𝐴௙.(TL –Tf)         … (A8) 
Equating Eq. (A8) with Eq. (A3), we get 
ℎ௙.𝐴௙. (TL –Tf)   = X.𝐴௙ .S – 𝑈௅.X.𝐴௙.Tpm + 𝑈௅.X.𝐴௙Ta         … (A9) 
Substituting for Tpm from Eq. (A6), 
ℎ௙.𝐴௙. TL–ℎ௙.𝐴௙𝑇௙  = X.𝐴௙.S – 𝑈௅.X.𝐴௙(X1.S+ X2. Ta + X3.TL) + 𝑈௅.X.𝐴௙Ta 
= X.𝐴௙.S – 𝑈௅.X.𝐴௙.X1.S - 𝑈௅.X.𝐴௙X2. Ta- 𝑈௅.X.𝐴௙X3.TL+ 𝑈௅.X.𝐴௙Ta 
(ℎ௙.𝐴௙+𝑈௅.X.𝐴௙ X3)TL =ℎ௙.𝐴௙𝑇௙  + X𝐴௙.S – 𝑈௅.X.𝐴௙. X1.S - 𝑈௅.X.𝐴௙X2. Ta +𝑈௅.X.𝐴௙Ta 
X7.TL = [X.𝐴௙– UL.X.𝐴௙X1] S – [UL.X.𝐴௙X2- UL.X.𝐴௙ ]Ta+ℎ௙.𝐴௙𝑇௙ 
TL = X8.S – X9. Ta + X10.𝑇௙        … (A10) 
Where, 
X7 = (ℎ௙.𝐴௙+𝑈௅.X.𝐴௙X3)        … (A10.1) 
X8 = [X.𝐴௙ – 𝑈௅.X.𝐴௙. X1]/ X7        …(A10.2) 
X9 = [𝑈௅.X.𝐴௙X2 -𝑈௅.X.𝐴௙]/ X7        … (A10.3) 
X10 = ℎ௙𝐴௙/ X7          … (A10.4) 
Substituting value of TL from Eq. (A10) in Eq. (A6), 
Tpm = X1.S + X2. Ta + X3. X8.S – X3 X9. Ta + X3 X10.𝑇௙ 
Tpm = (X1 + X3. X8) S –(X3 X9- X2) Ta + X3 X10.𝑇௙ 
Tpm = X11S – X12Ta + X13𝑇௙        … (A11) 
Where, X11= X1 + X3. X8        … (A11.1) 
X12 = X3 X9- X2          … (A11.2) 
X13 = X3 X10          … (A11.3) 
Substituting values of  TL and  Tpm  from Eq. (A10) and Eq. (A11) in Eq. (A4), 
Q୳୤ = S.𝐴௙ – 𝑈௅.𝐴௙. (X8.S – X9. Ta + X10.𝑇௙) + 𝑈௅.𝐴௙Ta+ X.𝐴௙S  
– 𝑈௅.X.𝐴௙.(X11S – X12Ta+ X13𝑇௙ )+ 𝑈௅.X.𝐴௙Ta 
Q୳୤ = S𝐴௙–𝑈௅.𝐴௙.X8.S + 𝑈௅𝐴௙X9. Ta - 𝑈௅.𝐴௙X10.𝑇௙ + 𝑈௅.𝐴௙Ta+ X.𝐴௙.S 
– 𝑈௅.X.𝐴௙.X11S + 𝑈௅.X.𝐴௙X12Ta - 𝑈௅.X.𝐴௙X13𝑇௙+ 𝑈௅.X.𝐴௙Ta 

Q୳୤ = [𝐴௙ – 𝑈௅.𝐴௙. X8 – 𝑈௅.X.𝐴௙X11 + X.𝐴௙]S – [𝑈௅.𝐴௙X10 + 𝑈௅.X.𝐴௙X13]𝑇௙ 
+ [𝑈௅.𝐴௙X9+𝑈௅.𝐴௙+ 𝑈௅.X.𝐴௙X12+ 𝑈௅.X.𝐴௙]Ta 
Q୳୤ = X14.S – X15.𝑇௙ + X16.Ta        … (A12) 
where,  
X14 = 𝐴௙–𝑈௅.𝐴௙.X8 – 𝑈௅.X.𝐴௙.X11 + X.𝐴௙                  … (A12.1) 
X15=𝑈௅.𝐴௙X10 + 𝑈௅.X.𝐴௙X13        … (A12.2) 
X16=𝑈௅.𝐴௙X9+𝑈௅.𝐴௙+𝑈௅.X.𝐴௙X12+ 𝑈௅.X.𝐴௙      … (A12.3) 
Equating Eq. (A12) with Eq. (3) in the main body, we get 

Q୳୤ = X14.S – X15. (𝑇௙ +
ଡ଼భల
ଡ଼భఱ

.Ta)= M. c୮୤ 
ୢ୘೑
ୢ୲

      … (A13) 

 
 


