Problem 9-4. page 1 of 2
Goal: Determine correlation for optimum economic insulation thickness on aflat plate?

Given: Annual fixed charges per square meter are directly proportional to thickness.
(@ neglecting air film resistance = assume constant surface temperature
(b) including convection air film. The air-film heat transfer coefficient is constant
for al thicknesses of insulation.

Approach: diagram the system to clarify situations.
Define parameter nomenclature and units for each parameter.
Derive annual cost equation as function of thickness which will include terms for
annualized fixed costs and heat |oss operating costs.
Differentiate annual cost equation, set equal to zero, algebraically rearrange into

solution form.
Diagram: Ta ambient air.
Q = heair AA(TA-T2)
T, top surface temperature
X thickness insulation Q = KAA(TT)/x

Flat Plate surface Ts constant uniform temperature.

Parameters: (Sl units)

AT°K = Ta-Ts Temperaturedriving force { alt. English units{

X insulation thickness (meters) {ft}

k insulation thermal conductivity (W/m-°K) {Btu/hr-ft-°F}

q heat loss per unit area (Watts/m?) { Btu/ hr-ft?}

H hours of operation per year (hr/yr) {hrl/yr}

Cn cost of heat ($/J) {$/Btu}

Crc annual fixed charg%per thickness ($/yr-m?* m) { $/yr-ft>-ft}
A surfacearea (m?) { ft°}

Q = KAAT/x heat |oss through insulation

hear air film convection heat transfer coefficient (W/m?-°K)  for partb
U overal heat transfer coefficient (W/m?-°K) { Btu/hr—ft>-°F}

Q = UAAT nheatlossfrom plate to ambient air
Basis: per unit area, divideby A to put everything on per m® basis

Investment Cost: = directly proportional to thickness and straight line depreciation
Cingdled = ($/m2-m); capital recovery depreciation factor, e = 1/yr
Crc = €Cingaled = ($/yr-m%m)

O Annua fixedcharges: = XCrc (M) ($/yr-m*m) [$/yr-m?]
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(a) Derivation: neglect air film resistance = assume constant air side

(b)

insulation surface Temperature = To ambient air
Determine optimum thickness to minimize annual cost, at steady state

Costof heatloss: = Q/A = KAAT/X/IA = KAT/X
O Annual operating charges: = HCy (Watts/m?) (hr/yr) ($/J)

[$/yr-m?]
O Tota Annua Costs: T = XCrc + HCHKAT /X [$/yr-m?]
Differentiate with respect to X and set equal to zero:
O _dTc_ = Cgc- HCHKAT/X = 0
dX

Solve for optimum thickness, X:
0 X = KATHCy/Crc

Yo

O Xoptimum = [kATHCH/CFC] - Answer part(a)

Derivation: include air film resistance = assume convection coefficient

where 1/U = X/K + 1/hear
O U = khear/ (K+Xhear)
Costof heatloss: = ( = Kheq AT/ (k+Xhegy)
O Total Annual Costs: T = XCre + HChyKhear AT/ (K+Xheair)

Differentiate with respect to X and set equal to zero:

O _dTc_ = Crge - hesirHChkhe o AT/ (K+Xhes)? = 0
dX

Solve for optimum thickness, X:
O (k+xhesr)® = h’cark ATHCL/Cec
(Xheair)® = hearkATHCy/Cre - K°

O Xoptimum = [kATHCH/CFC] % K/ heair = Answer part (b)
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