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APPENDIX-I

QuF= Qe+ Qp

Useful heat gained from the top can be given by

Quu=S.Ap— Uy Ap(TL - To)

WhereU,,.Af (TL — T,) is the heat loss from the lid of the vessel.

Useful heat gained from the bottom can be given by

Qb = X.Ar.S — Uy XAp(Tym — Ta)

Hence placing the value of Eq. (A2) and Eq. (A3) into Eq. (A1),

Que=S.Af —ULAp. (T — Ty) + X Ap.S — UL X Ap(Tpm — Ta)

Now

Qb u :Af- hg. (Tpm - TL)

Equating Eq. (A3) and Eq. (AS),

X Ap S - UL XA Ty + U X Ap Ta=Ag.het TonAp hee T

X Ap S+ ULXAf TotAg her. Ti=Ap. Tom (X.Upthe)

Dividing byAs. (X. Uy thee), we get
XS | UpXTa . he

XUp+hey)  (XUp+he)  (XUp+he) " L
Xl.S + Xz. Ta + X3. TL = Tpm

X
here, X|, =———
Where, X1 =50 o
_ULX
=t
X.Up+het)

h
}(3 — ct
X.Up+het)

= Tpm

Substituting value of Tym from Eq. (A6) in Eq. (A4), we get

Quf = SAf— UL Af (TL — Ta) + XAfS — UL XAf( Xl.S+ Xz. Ta + X3.TL) + UL XAf Ta

Quf =S Af= U Af T+ Uy Ap To+ X Afp.S — U X Ap X1.8- U X.Af X,.Ta

— U, XA X3. T+ Uy X Af T,

Qui= S [Af+ X Ap— UL XA X ] + Ta [UL.Ap— UL X Ap Xy + UL X A |- Ty [ULApt UL X ApX;5]
Quf: X4S + X5.Ta — Xé.TL

Where,

X4 = [Af+ XAf— ULXAf Xl]
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X5: [ULAf* ULXAfX2 + ULXAf]
Xe= [UL.Af+ UL X ArX5]
Considering heat transfer between vessel lid and the food from bottom

Qb o = hAf (T -Ty)

Equating Eq. (A8) with Eq. (A3), we get

thf (TL *Tf) = XAfS — ULXAprm + UL.X.AfTa

Substituting for T, from Eq. (A6),

he Ap. Ti—he AeTr = X Ap.S = Up X Ap(Xy.S+ X Ta + X3.To) + U X Af T,
=XAr.S - UL XA XS - Up X Ap Xy To- Uy X Ap X3 Tt U X Af Ty

(he Ap+Uy X Ap X3)TL =he Af Ty + XA S — U X Ap. X1.S - Up X ApXo. T, UL X Af T,
X7. Ty = [X A~ UL XA X ] S — [ULX A Xo- UL X Af [Toths ATy

TL = ng — Xg. Ta + XIO-Tf

Where,

X7 = (he Ap+UL X ApXs)

Xg = [XAf — ULXAf Xl]/ X7

Xo=[U. XA Xy -U X Af )/ X5

Xio=heAsl Xq

Substituting value of Ty from Eq. (A10) in Eq. (A6),

Tpm = XIS + Xz. Ta + X3. ng — X3 X9. Ta + X3 XIO-Tf

Tpm = (X] + X3. Xg) S —(X3 Xg- Xz) Ta + X3 X]().Tf

Tpm = X“S — XlzTa + X13Tf

Where, X 1= X; + X;. Xg

X = X3 Xo- X5

Xi13= X5 Xjo

Substituting values of T, and T,, from Eq. (A10) and Eq. (A11) in Eq. (A4),
Quf = S.Af — U Ap. (Xg.S — Xo. Ty + X10.Tf) + Uy Af To+ X AfS

— U X Ap (X11S = Xio Tt Xi3Tp )+ Uy X Af T,

Quf = SAf—Up.Ar Xg.S + UL ApXo. Ty - Uy Ap X0.T + Uy Af Tt XL Ap.S

—Up XA XS + UL X ApXioT, - Up X Ap X3 T+ U X Af Ty

Que = [Af —UpAp. Xg = U XA Xy + X Af]S = [Up. ApXyo + U X Ap Xi3]T¢
(UL A XotUp Ap+ U X ApXiot Uy X Af [T,

Quf =X4.S — X15.Tf + Xi6.T,

where,

Xia=Ap~Up.Ap Xg — U X Ap X1 + XAy

X15:UL.AfX10 + UL.X.AfX13

Xi16=Uy A Xo+ Uy Ap UL X Ap Xio+ Uy X Ap

Equating Eq. (A12) with Eq. (3) in the main body, we get

Qur = X148 — Xis. (Ty +22.Tay= M. ¢y =

15 dt
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