Transfer of heat

S38

1. a)andb)

alcohol
Ginitial(alconol) = 18.0 °C
Maicohol = 0.266 kg

alcohol = 2.43 - 1 3
Calcohol 3 Okg-K

ATaiconol = 19.0 K

aluminium
Lginitial(aluminium) =?

Moaluminium = 0.0630 kg

Caluminium = 896 kgK

ATaluminiuom = ?

Fequilibrium = v.gfinal(alcohol) = Lgfinal(aluminium) =37.0 °C

C) AUsaicohol = Calcohol * Malcohol * ATalcohol = 2.43 - 103 . 0.266 kg -19.0K=12281J =123 kd

d) AUauminium = AUaicohol = 12.3 kJ

€) ATauminium =

AUaluminium

kgK

12'281J

Caluminium ’ maluminium 896

J
kg-K

.0.0630 kg

8K

Lginitial(aluminium) = Lgfinal(aluminium) + ATauminum = 37 °C + 217 K =255 °C

2. a)andb)

olive oil
Ginitial(olive oil) = 45.0 °C
Moiive oil = 0.395 kg

olive oil = 1.97 - 1 3
Colive oil 9 0 kg K

ATolveoil = 3.0 K

Q
— V]

unknown substance

Lginitial(unknown substance) = 15.0 °C

>munknown substance = 0.1687 kg

Cunknown substance = ?

ATunknown substance = 270 K

Fequilibrium = v.gfinal(alcohol) = Lgfinal(aluminium) =42.0°C

C) Q = AUunknown substance = AUbolive oil

Cunknown substance * Munknown substance * A Tunknown substance = Colive ail * Molive oil * A Tolive oil

Cunknown substance =

= 450 ——
T T kg K

Colive oil © molive oil * ATolive oil

1.97 - 10° ng_K -0.395 kg - 3.00 K

“ AT,

unknown substance

(iron)

unknown substance

0.192kg - 27.0K



warmer petroleum cooler petroleum
3initial(warmer) =37.6°C 3initial(coo|er) =11.5°C
Vwarmer = 4.93 - 103 m3 Veooler = 2.30 - 103 m?

Cpetroleum = 21-10°

etroleum = 2.1 - 1 3
kgK Cpetrol 0 kgK

ATwarmer = ? ATcooler = ?

3equilibrium = quinal(petroleum) =?

b) Heat flows from the warmer petroleum (Vwarmer, Swarmer) to the cooler petroleum (Veooler, Seooler).
After a while, at equilibrium, the temperature is ina. The transferred heat is:

AUwarmer = Cpetroleum * Mwarmer * A Twarmer = Q = AUcooler = Cpetroleum * Meooler * ATcooler

while Mwarmer = Ppetroleum * Viwarmer @and Mecooler = Prpetroleum * Veooler

and ATwarmer = Lqinitial(warmer) — iinal and ATcooler = Ffinal — v.qinitial(cooler)

substituting Mwarmer anNd Mcooler yields:

Cpetroleum * Ppetroleum * Viwarmer - A Twarmer = Cpetroleum - Opetroleum = Veooler * AT cooler

Viwarmer * ATwarmer = Veooler * ATcooler

substituting ATwarmer and A Tcooler Yields:

Viwarmer * ((Gnitialwarmer) — Final) = Veooler * (Kinal — Snitial(cooler))

Viwarmer * Gnitialwarmer) — Viwarmer © Jinal = Veooler © Final — Viooler * Ghnitial(cooler)

Viwarmer * Gnitialwarmer) + Veooler * initial(cooler) = Veooler * Final + Viwarmer * Final = Final * (Veooler + Viwarmer)

Vwarmer' 79initial(warmer) + Vcooler ’ 7-9initial(cooler)

4 +YV,

warmer cooler

SFinal =

~4.93-10°m®-37.6°C+2.30-10°m*-11.56°C _
B 4.93-10° m3 +2.30 - 10° m? B

29.3°C
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4, ) Q AUwater =

Cuater * Muater - ATwater = 4'182 gJK 112 kg - 2.0 K = 936'768 J

AUporceIain = Cporcelain * Mporcelain * ATporceIain = Q = AUwater

Mporcelain =

' J . ]
Q _ Cuwater * Myater ATwater B 4'182 koK 112 kg 20K

' ATporcelain Cpc)rcelain ' ATporcelain 846 J 50 0 K

porcelain

b) AUiron = Ciron * Miron * ATiron = Q = AUwater = Cwater * Mwater * A Twater

substituting

ATiron = v.qinitial(iron) — Sinal ATwater = Final — Lqinitial(water)

into the first equation yields

=22.1kg

Ciron * Miron -~ (Lqinitial(iron) - 3final) = Cwater * Mwater - (vgfinal - Lqinitial(water))
Ciron * Miron * Gnitial(iron) — Ciron * Miron = inal = Cwater * Mwater * Kinal — Cwater * Mwater * Gnitial(water)
Ciron * Miron * Gnitial(iron) + Cwater * Mwater * Snitial(water) = Cwater * Mwater * Final + Ciron * Miron - HKinal
Ciron * Miron - Gnitial(iron) + Cwater * Mwater * Snitial(water) = Hinal * (Cwater * Mwater *+ Ciron * miron)
.9f _ Circm ’ miron ’ 79initia|(iron) + Cwater ' mwater : 79initial(water) _

inal = =

Cwater ’ mwater + Ciron ' miron

450 ké’K 21.0 kg - (-12.0 °C) + 4'182 kg % 112kg-40.0 °C

= J =38.97 °C=39.0 °C
4182 - 112 kg+450 210kg
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