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Energy Balances with Reaction

Materials and Energy Balances

1. Ice is used to cool the herring from 20 oC to 3 °C. The container with clean fish is inserted
into an insulated container with ice at -10 °C. Ice will absorb 20 % of heat from the
surroundings and 80 % of heat from the fish. Mean specific heat of ice is 2.06 k] /kgK and
it melts at 0 °C with latent heat of melting 333 k] /kg. Assume 3/4 of ice melts during the
cooling process. Calculate the amount of ice necessary to cool 50 kg of fish. Mean specific
heat of herring is 2.97 kJ /kgK.

m, fish)

Solution

H1 = m1Cp1(T1 'Tz)
e Heat to be removed from herring: =50%2.97x(20-3)
=2524 kJ

e This represents 80 % of the total heat taken by ice: 0.8 H,, = H,

H, :@:3155.625 kJ
0.8

ice

e Heat balance on the ice: the mass m2 of ice is first warming from -10 to O degrees, then %
of it is melting:

3
Hice = micecp ice (T4 _TS) +Z M, hf

Hice = mice (206)( (0 - (_10) +%X333j

3155=m,,x270.35
m,,, =11.67 kg
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2. 400 kg/h of butter with 86 % (w/w) fat content is produced in a continuous process
using cream with 82 % fat content. The cream is initially cooled from 18 oC to 9 °C in a
jacketed vessel where water flows counter-currently. The inlet and outlet temperatures of
the cooling water are 3 °C and 10 °C, respectively. The cream is further cooled to -1 °C
using a coolant entering at -6 °C. The mass flow rate of the coolant is 470.86 kg/h and its
mean specific heat is 3.15 k]J/kgK. The mean specific heat of the cream is 3.18 kJ/kgK.
Calculate the mass flow rate of the cream in the cooling sections, the mass flow rate of the
cooling water in the first section and the exit temperature of the coolant from the second

section.
m, =" m, =470.86 kg/h
rﬂ'i =3 OC lei = -6°C
t,=18°C t,=9°C
) — _ —————— My =400 kg/h
cream 't.'i =-1°C X butrer = 0.86
¥ f cream = 0.82
'rh‘.e =10°C f(_é =?2°C

CPr =3'15k—J; CPCI'(?(.I’HP =3']8k_j;

: ek’ kekK
Cpy(at 10 °C)=4.1949£

: kekK k7

[ Craw=42026-—

Cp(at 3 °C)=42104 = g

: kgK

Solution

To calculate Meream the mass balance of the fat is written:

M yqm xf‘n'mm = Myt ‘Tf.bu!m'
m X . 400-0.86
butter f.buiter .
M ppam = - = =419.51 kg'h
0.82
'Tf cream .
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Heat balance for first cooler:
Meroqm 'CP.fream 'Ul =1 ) =nm, - CP.H' .('fh'.'f _'fw.e)
M yoqm CP.Cremn '[‘rl -t )

e Cp -(i‘.“._f- - r"n'.r;')

W

419.51’;‘;—5-3.18:—”;{-(18—9)15
m, = : = £ =408.13 kg/h
42026 ——(10-3)K
kgK

Heat balance for second cooler:
Mepoqm CP.fi'emn ’ (ri —1 ) =m- CP.C‘ '(rc.é. =l ]

Meraam 'CP_Ci'emn '(rl -1 )

t.,= +1,
C.e H.FC'CP_L. C.
419.51-3.18-(9—=(-1)
f,= (o=( U+(—6}=2,99 °c
: 470.86-3.15

3. O0il fuel containing 83% C and 17% H:2 is burnt in a furnace using preheated air, the
preheat being supplied by the waste gases. The dry flue gas had the following
composition: 12% CO2, 4.4% 02, 83.6% N2. Calculate the temperature of the air
leaving the preheater if it enters at 15°C and the hot gas inlet and outlet temperatures
are 365°C and 110°C respectively.

Specific heat of flue gas = 1.05 k] /kg K.
Specific heat of air = 1.003 k] /kg K.
Specific heat of water vapour = 2.09 kJ/kg K.

Stoichiometric equations:

C+0, - CO,

H,+1/20, > H,0
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m, =100 kg ny=? my=?
_— >
xl( = 0'83 }"3‘.(): = 0.044
xl.H: = [)’I? }"3‘.('()1 = 0‘]2
Ys.n, =0.836
n
t,=7°C
[4_ = ] IOHC
—
preheater
1, =365°C
=?
n=15°Cc | M7
}’2,(): = 021
Yan, = 0.79
Solution
Basis: 100 kg fuel
Component Mass m1, | Molecular Number of | Stoichiometric | Theoretical
kg weight, moles, kmol | ratio to Oz kmol
kg/kmol 02 required
C 83 12 6.92 1 6.92
H2 17 2 8.5 0.5 4.25
02 32 -1
N2 28 0 0
H20 18 0 0
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(70,) =6.92+4.25=11.17 kmol O,
2 Jtheoretical

n ) = -n, =0.21-n :(n ) + N
( o, fed y2,02 2 2 92 ) theoretical y3’03 3

All CO, comes from the C burnt:

H3,C02 - nl,c - 6.92 klllOl
3"13,‘-:*03 = .]7:,;,‘»:*()3 . ?’13 = 6.92 - 0 ].2 . n3 9 n3 - 57.67 km()l DFG

mpo = My, =8.5 kmol

All N> comes from the air fed:

My, =My =Yy 1, =079-n,2n,= % =61.03 kmol air

kg
ol

M, =021-M, +0.79-M,, =289

m,. =, M

. =61.03-28.9=1763.77 kg

ar

Mpre = V3.co,“Mco, + V30, Mo, + V3 n, - My,
kg

M ppe =0.12:-44+0.044-32+0.836-28 =30.1
kmol

Mppe =13 - M pre =57.67-30.1=1735.87 kg
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Energy balance on the preheater:

kJ ~ kJ ~ kJ
F K Crar=1003 (003 Cruo =209 0

mpze * Cp prg (=1 + My o 'CP‘HEO (t=ty) =gy - Cp i - (,—17)

CP DFG _.I. 05

1735.87-1.05-(365—-110)+153-2.09-(365-110) =1763.77-1.003 (1, —15)
546320.54=1769.06-(1, —15) |, =323.8 °C




