Mechanism of evaporation

» removing a liquid by boiling off some of the liquid
 thermal separation/concentration
* vapour removed as top product

« concentrated solution as bottom product

» desired products
» concentrated solution eg. Milk
» vapour usually water vapour

» crystal eg. Salt crystal



Types of evaporafors
3 Vertical-tube natural circulation evaporator

(a) Falling-film evaporator  (b) Climbing-film evaporator



(a) Falling-film evaporator  (b) Climbing-film evaporator



1. single-effect evaporator

Vapour, V
I T, yw Hy
Feed, F
> P,
Te Xg De /\f—\“
Steam, S N Condensate, S
TS' HS TS’ hS ]
\@ntrated liquid, L
Ty x hy

* relatively small capacity
* cost of steam relatively cheap

* wasteful as latent heat of vapour Is discarded
* T =T, dilute solution, 1 kg steam = 1 kg vapour



Calculation methods for single-effect evaporator (dilute)

Vapour, V
I T, yw Hy
Feed, F
> P,
Te Xg he /\f—\“
Steam, S N Condensate, S
TS’ HS TS’ hS ]
\@ntrated liquid, L
Ty, X, hy

1. Vapour (V) & concentrated liquid (L) flowrates

Total material balance : F=L+V

Solute/solid balance:  F(Xg) = L(X;) (y,=0asvap has nosalt)



Calculation methods for single-effect evaporator (dilute)

T Vapour, V
T,, Vv, H
Feed, F | P v Vv v
1
Tr Xg De T,
Steam, S LN\ —|__ Condensate, S
Concentrated liquid, L

LETR

2. Heat-transfer surface area (A) & no boiling-point rise (BPR) :
Energy balance: Fhg + S(H;—hg) = Lh, +VH,,

Heat transfer equation: q=SA=UAAT =UA(T;-T,)
where S(Hs — hg) = SA

h= CP(T _ Tref.)
H, =latentheatat T, (T =T,)

Cp Of Inorganic salt in water = ¢, of water = 4.14 kJ/kg.K



Example 8.4-1 (Geankoplis textbook)

A continuous single-effect evaporator concentrates 9072
kg/h of a 1.0 wt% salt solution entering at 311.0K (37.8°C)
to a final concentration of 1.5 wt%. The vapor space of the
evaporator is at 101.325 kPa (1.0 atm abs) and the steam
supplied is saturated at 143.3 kPa. The overall coefficient U
= 1704 W/m?.K. Calculate

the amounts of vapor and liquid product

the heat-transfer area required.

Assume that, since it I1s dilute, the solution has the same
boiling point as water.



Example 8.4-1 I T
1
F = 9072 kg/h
J|P, = 101.325 kPa
Xg = 0.01 kg salt/kg /\/_Ij\

T =3LIK ' <
> N ,

P = 143.3 kPa Ts

L
T,, X, =0.015

Vapour (V) & concentrated liquid (L) flowrates
Total material balance : 9072=F=L+V

Salt balance: F(xg) = L(x,)
9072(0.01) = L(0.015)

Substituting L = kg/hintoeq. (1),V = kg/h

(1)



Example 8.4-1 V = 3024 kg/h

I TiHy
F = 9072 kg/h
P, = 101.325 kPa
Xg = 0.01 kg salt/kg
Ty
T, =311K
F S R N > >
Ps = 143.3 kPa Ts
\‘/L: 6048 kg/h
U = 1704 W/m2.K T,, X, = 0.015 kg salt/kg ,h,

From the steam table (A.2-9) at P = 143.3kPa, T¢=  °C,

He = kJ/kg, hg = kJ/kg, .A = ( )= kJ/kg
From the steam table (A.2-9) at P, =101.325kPa, T, = °C,
H kJ/Kg, Njiguia = kJ/kg

sat. vapour —
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V = 3024 kg/h

Example 8.4-1 I
F = 9072 kg/h 10, Hy
~ e 1P: = 101.325 kPa
Xg = 0.01 kg salt/kg T, = 100°C
T, = 311K S I NEaNEN S
P, = 143.3 kPa Ts=110°C

T = 110°C, A = 2230.2kJ/Kg
L = 6048 kg/h

— 2
iRl LU 100°C, x, = 0.015 kg salt/kg ,h,
From the steam table (A.2-9) at, T, = 100°C ,H = 2676.1 kJ/kg, h = 419.04 kJ/kg

T, = 100°C (same as T,),

Energy balance: Fh + S(Hg—hg) = Lh, + VH,,
9072hg + S(2230.2) = 6048(h, ) + 3024(H,))
where Ne = Cop(Te—Ties) = = kJ/kg

hy = Cp (T = Trep) = =
HV = [ (Hsat.vapour) _ hquuid] = ( ) = kJ/kg

S= kg/h



V = 3024 kg/h

I 100°C, H,, =2257.06kJ/kg
F =9072 kg/h
» P, = 101.325 kPa
Xg = 0.01 kg salt/kg — —
T, = 100°C
T-=311K
- S =4105kg/h - S
P, = 143.3 kPa Ts=110°C
Tg = 110°C, A = 2230.2K
L = 6048 kg/h
U =1704 W/m?2.K 100°C, x, = 0.015 kg salt/kg ,h, = 0kJ/kg
Heat transfer equation: g = SA=UAAT = UA(T.-T,)

= SA= 4105.KG] 2230.2 kJ
b SXQI > I 3%)3 = 2543 kJ/s

A=q/[U (Ts-Ty)]

_25430x 103 M0 | m2J&”
~ (110-100) & | 1704 ¢

A = 149.3 m?



Alternative V = 3024 kg/h

method _ T 100°C, H,
F = 9072 kg/h Jp. = 101,325 kba
Xg = 0.01 kg salt/kg T, = 100°C
T, = 311K S I NEaNEN S
P, = 143.3 kPa Ts=110°C

T = 110°C, A = 2230.2kJ/Kg
L = 6048 kg/h

_ 2
U=1704 W/m2.K 100°C, x, = 0.015 kg salt/kg ,h,

From the steam table (A.2-9) at, T, = 100°C ,H = 2676.1 kJ/kg, h=419.04 kJ/kg
T, = 0°C (same as steam table),

Energy balance: Fhe + S(Hg-hg) = Lh, + VH,,
9072h + S(2230.2) = 6048(419.04) + 3024(2676.1)
where he = 159.22 kJ/kg (after interpolation) from steam table (A.2-9)

9072(157.32) + S(2230.2) = 6048(419.04) + 3024(2676.1)
S =4125 kg/h (compare to 4108 kg/h)



V = 3024 kg/h

T 100°C, H,, =2676.1kJ/kg
F =9072 kg/h
+{P, = 101.325 kPPa
Xg = 0.01 kg salt/kg — —
T, = 100°C
Tp=311K
" S=4125kgh - S
P, = 143.3 kPa Ts=110°C
Tg = 110°C, A = 2230.2K
L = 6048 kg/h
U = 1704 W/m2.K 100°C, x, = 0.015 kg salt/kg ,h, = 419.04kJ/kg
Heat transfer equation: g = SA=UAAT = UA(T.-T,)

= S\= 4125K6] 2230.2 K
d %I o I 3%)3 = 2555.4 kJ/s

A=q/[U (Ts-Ty)]

_ 25554x 103 M0 | m2J&”

A= o100 | 1704

= 150 m? (compare to 149.3 m?)



Calculation methods for single-effect evaporator

(concentratedx/
T Vapour,
Feed, F | 5 ToYw Hy
1
Te X De T,
Steam, S LN NN Condensate;, S
Ts Hs Ts, hs
\@ntrated liquid, L
Ty, X, he

2. Heat-transfer surface area (A) & with boiling-point rise (BPR) :
Energy balance: Fhe + S(Hg—hg) = Lh + VH,,

Heat transfer equation: g = S) = UAAT = UA(T.-T,)
where T, =Ty apy + BPR or from fig. 8.4-2

he- and h; from fig. 8.4-3
I_IV - Hsat. at P1 + 1-884(BPR)



Boiling-point rise (BPR) of solution

Boiling-point elevation describes the phenomenon
that the boiling point of a liquid (a solvent) will be
higher when another compound is added, meaning that
a solution has a higher boiling point than a pure solvent.
This happens whenever a non-volatile solute, such as a
salt, is added to a pure solvent, such as water.

Therefore, the boiling-point elevation means that when
a solute is dissolved in a solvent, the boiling point of the
resulting solution is higher than that of the pure solvent.



http://en.wikipedia.org/wiki/Boiling_point
http://en.wikipedia.org/wiki/Boiling_point
http://en.wikipedia.org/wiki/Boiling_point
http://en.wikipedia.org/wiki/Liquid
http://en.wikipedia.org/wiki/Solvent
http://en.wikipedia.org/wiki/Solution

Boiling-point rise (BPR) of solution

Concentrated solution — thermal properties differ from water
Duhring line chart — estimate boiling-point rise for a solution

Boiling point of water (OC)
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Figure 8.4-2. Duhring line chart for aqueous solutions of sodium hydroxide



Example 8.4-2 Use of Duhring Chart for BPR

As an example of the use of the chart, the pressure in an
evaporator is given as 25.6 kPa (3.72 psia) and a solution of 30%
NaOH is being boiled. Determined the boiling temperature of

NaOH solution and the boiling point rise , BPR of the solution
over that of water at the same pressure.

Steam table, bpt of water at 25.6 kPa = 65.5°C (150°F)

From Duhring chart, at 150°F and 30% NaOH, bpt of NaOH
solution is 79.5°C (175°F)

BPR = (79.5 — 65.6)°C = 13.9°C



Boiling-point rise (BPR) of solution

Boiling point of water (OC)

0 25 50 75 100 125

300 1 1 1 ! i _% i 1 1 1 % L 1 1 ! 1 /L 1 L %/ g ! ,l/ l))/l/ B

/ A A7 -

W //’ / ,//,f/’ B
N 60 Wt % NaOH ~ et |4 ey 1 125 ~
& 250 50 wt. % NyOH + A // A N O
e ~ —
= 40 wt. % NaOH ~ L * /// // //// : =
S N W7 2
% 7~ /j/\ + 7 /// +— 100 %
2 200 L A AL - 2
2 4 L LA K - o
= A A — E
>< »i z 4 vl | - .
A P 705 ¢
us] A Az 1 2
= 150 L A A B =
£ A A S g
2 A A LA +=| 30 wt. % N,OH =
'§ J/ // A A +—| 20 wt. % N,OH — S0 g

A L1 = ~[10 wt. % N,OH -
[T a =
S 100 2T E L e - 3
= AL A N =
a AN A A7 B 3
S Pl 77 +— 25 =9
e wo7 -
g 50 /\/ ,// ;§

777 40

A//// -

7 -

V. —

0
0 50 100 150 200 250 300

Boiling point of water CF)

Figure 8.4-2. Duhring line chart for aqueous solutions of sodium hydroxide



Enthapy-concenftration chart
enthapy chart — T, = liquid water at 0°C

- used together with steam tables
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Figure 8.4-3. Enthapy-concentration chart for the system NaOH-water



Example 8.4-3

An evaporator Is used to concentrate 4536 kg/h (10,000 Ib./h)
of a 30% solution of NaOH in water entering at 60°C (140°F) to
a product of 40% solids. The pressure of the saturated steam
used Is 172.4 kPa (25 psia) and the pressure in the vapor space
of the evaporator is 11.7 kPa (1.7 psia). The overall heat-transfer
coefficient is 1560 W/m?.K ( 275 btu/h.ft?.°F).

Calculate the steam used, the steam economy in kg vaporized/kg
steam used, and the heating surface area in m-.



Calculation methods for single-effect evaporator

(concentratedx/
T Vapour,
Feed, F | 5 ToYw Hy
1
Te X De T,
Steam, S LN NN Condensate;, S
Ts Hs Ts, hs
\@ntrated liquid, L
Ty, X, he

2. Heat-transfer surface area (A) & with boiling-point rise (BPR) :
Energy balance: Fhe + S(Hg—hg) = Lh + VH,,

Heat transfer equation: g = S) = UAAT = UA(T.-T,)
where T, =Tt ape T BPR or from fig. 8.4-2

he- and h; from fig. 8.4-3
Hy = Hay acpr + 1.884 (BPR)



Example 8.4-3

V T,
F= 4536 kg/h T = 60°C | v
SR e s | P,=11.7 kPa
Xg = 0.2 kg NaOH/kg
S . / S
P, = 172.4 kPa Ts, he

Hs \I/
LT1=

X, = 0.5 kg NaOH/kg h,

Given : U = 1560 W/m2.K

Total material balance : 453 =F=| +V
Solute/solid balance: F(xg) = L(x,)
4536(0.2) = L(0. 5)

L = 1814 kg/h
Substituting L = 1814 kg/h into eq. (1), V = 2722 kg/h

(1)



V=2722kgih T
Example 8.4-3 i T
HV
F= 4536 kg/h T, = 60°
PO Te=00C b 11 74pa
Xg = 0.2 kg NaOH/kg
S . / S
P, =172.4 kPa Te h

S
Hs \I/
L =1814 kglh T,

X, = 0.5 kg NaOH/kg h,_
Given : U = 1560 W/m2.K
From the steam table (A.2-9) at P = 172.4 kPa, after interpolation, T¢ = 115.6°C
Hs = 2699.9 kJ/Kkg, hg = 485.03 kJ/kg, ..A = (2699.9 — 485.03) = 2214.87 kJ/kg

From the steam table (A.2-9) at P, = 11.7 kPa, after interpolation,
Tsat.: Tboiling point of water =48.9°C ’ Hsat. vapour =2390 k‘J/kg



Example 8.4-3 V=2722kglh T,

Hy

F=4536 kg/h_ T, =60°C |
Xg = 0.2 kg NaOH/kg

=11 a

T...=48.9°C
S LA S

Tl
P, = 172.4 kPa

TS’ hS
B . aO
Ts=115.6°C L=1814 kg/h T,

A=2214.87 kJ/kg x, = 0.5 kg NaOH/kg h,
T, 1s obtained from Figure 8.4-2, at 50% NaOH and T, e = 48.9°C(120°F)
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Example 8.4-3

V =2722 kglh T,=89.5°C

T H,
F=4536 kg/h_T-=60°C | _ _ 1 9
Xg = 0.2 kg NaOH/kg
1,=89.5°C
S L NLAREAN S
(T, = 48.9°C)

P, =172.4 kPa Ts, he
H a
s L = 1814 kg/h T,=89.5°C

Given - U = 1560 W/m2.K X =0.5kg NaOH/kg hy

BPR =T,- T.,, = (89.5-48.9)°C =40.6°C ™ Y
: > 50R0ge = (148.9°C) e 600
T, = 0°C (same figure 8.4-3), NS ,/7/%

:_i 22](')3) :JSO\OP‘:‘*:—:(EI_:IOC):’// // //,/// 500
he at 60°C(140°F) & 20% NaOH from = "RS¥== =227 /77 |
figure 8.4-3 NG > SO

| ET—Y—T—
~.he =92 btu/lb,, (214 kJ/kg) = §3 : g/
Z 02— — 7 i
h_at 89.5°C (193°F) & 50% NaOH  * 7'\\«55%7
1 _ 50\\ 1100
from figure 8.4-3, :Kzaogy !

hL =217 btU/lbm (505 kJ/kg) %010 020 030 040 050 060

Concentration (wt fraction NaOH)

Enthalphy (kJ/kg solution)



Example 8.4-3 V =2722 kg/h T,=89.5°C

F= 4536 kg/h he =214 kilkg [ lT X Ay
Xg = 0.2 kg NaOH/kg
S . LERTE s
T.= 115.6°C (Toz = 48.9°C)

Ts, hs
A= 2214.87 kJ/k <
: \N\]%_H:;m kg/h h, =505 k/kg

X, = 0.5 kg NaOH/kg h,
Given : U = 1560 W/m2.K

BPR = T,- T, = (89.5 — 48.9)°C = 40.6°C
Tea= 48.9°C , Hyy vapour = 2590 kJ/kg

Energy balance: Fhe + S(Hg - ho) = Lh, + VH,,

4536(214) + S(2214.87) = 1814(505) + 2722H,,
H,, = 2590 + 1.884(40.6)= 2667 kJ/kg

4536(214) + S(2214.87) = 1814(505) + 2722(2667)
S = 3255 kg/h



Example 8.4-3

V=2722 kglh T,=89.5°C

F=4536 kgl he=214kdkg [ Hy = 2667 kJlkg
[ o R
Xg = 0.2 kg NaOH/kg 00 o
s=3255kgth | NZ8RYC s
NaOH

T=115.6°C

Ts hg
A= 2214.87 kdlk
: \1414 kg/h h, =505 k/kg

X, = 0.5 kg NaOH/kg h,

Given : U = 1560 W/m2.K

Heat transfer equation:
g=SA=UAAT =UA(T;-T,)

- Sh= 3255 kd [2214.87 kJ
. | |2 000 ks
P [ 3600%

2002 x 103 M7 | m2J&”
B (115.6-89.5))( | 1560))(
<1: not economical

Steam economy = V/S = 2722/3255=0.836 >  ~1: more economical

A =49.2 m?




1. forward-feed multiple-effect evaporator

vapor T vapor T, vapor T3 _ to vacuum
f_— [ A condenser
feed, Tp| (1) (2) (3)
P~ e —
T, T, T
E— g )W i g g\ LN
steam, Tg W j l
condensate
concentrate concentrate concentrated
from first from second product
effect effect

» fresh feed to 15t stage/effect
« conc. prod. from 15t effect to 2"d effect
« vapour from 1st effect as heating medium for 2nd effect
e co-current flow
* T = Ty, dilute solution, 1 kg steam = 3 kg vapour
» feed Is hot
« heat-sensitive final product



2. backward-feed multiple-effect evaporator

vapor vapor vapor .
1) @ LB feed
ht—— e A
_S_t_eir.‘_‘__,./\/\/\_1 L_,./\/\/\_.1 | —
\/ _@EK condensate
-¢ ]
concentrated

product

« fresh feed enter last stage/effect
« conc. prod. from3st effect to 2"d effect
« vapour from 15t effect as heating medium for 2nd effect
« counter-current flow
* liquid pumps in each effect (P, > P, > P,)
» cold feed as less liquid needs to be heated

* highly viscous conc. prod. as higher temp. reduce viscosity



3. parallel-feed multiple-effect evaporator

Vi Ty V, T, Vs, Ts ~to vacuum
- condenser
feed T.| O (2) (3)
- F
steam, T, l l —l
TSl TSZ TS3

L‘;, T, :_ T, L3 T,
* fresh feed and withdrawal conc. prod. at each effect
* vapour from 15t effect as heating medium for 2" effect
* almost saturated feed

* solid crystals as product



Triple-effect forward feed evaporators

vapor T vapor vapor T3 to vacuum
A Y condenser

feed, T (1) (2) (3)
_—— e ]
Fa YU N
steam, Tg —l '
condensate

concentrate concentrate concentrated
. . from first from second product
Assumpt|0n5- effect effect

« latent heat of condensing steam = latent heat of vapour
« areas in all effects are equal (A;=A,=A,)

* g, = U,AAT,
*0; = SAs;

AT, =YAT LU,
1/UL + 1/U2 +1/U3

« No BPR: AT,=T,-T, *BPR: AT,=T;- BPR;-T,
No BPR: YAT=T¢,-T, *BPR: YAT= T¢,-To,-(BPR,+ BPR,+ BPR,)



Procedure for Triple-effect forward feed evaporators

vapor T, vapor 7T, vapor 73 to vacuum
y Iy ] ~ condenser
feed, Tr (1) (2) 3)
——— L
Tl T2 T3
steam, T'g j ‘
condensate
concentrate concentrate concentrated
- . from first from second product
Determlne- effect effect
1. T; & BPR,

2. Ly & V;+V,+V,;. Assume V,=V,=V,

3. Ly, Ly X, &X,

4. BPR; & BPR,

5. Y AT, AT, AT, & AT, Readjust if necessary
6. T1’ T31, T2’ TSZ’ T3 & TSS

7. cp, enthalpies, L, L,,V,,V, V; & S
8. Compare ans. from step7 with ans. from steps 2 & 3. If errors ) 10%, redo step 3.

9. If errors ( 10%o, calculate q,, 9, , d;, A, Ay, Ag & A, IT errors Y10%, revise ATS.



Example f

F = 22680 kg/h
Xg=0.12
T-=93°C

Cp, kJ/kg.K = 4.19 —2.93x
U, =2271 W/im?.K, U, = 1420 W/m?.K

At9 kPa, T .3 =43.66°C (from A.2-9 after interpolation)
BPR, = 0.63 - 3.62(0.6) + 15(0.6)? = 3.858°C
=T, =Tg3+ BPR, =43.66 + 3.858 = 47.52°C

Total balance: F=(V;+V,) +L,= 22680 kg/h
Solid balance: Fxe = L,X, 22680(0.12) = L,(0.6)

-.L, = 4536 kg/h



L, = 4536 kg/h

Total balance: 22680 = (V;+V,) +4536 X, = 0.6
(V,+V,) =18 144 kg/h
Assume V=V, V.=V, =18 144 /2 =9072 kg/h
Effect1:  Total balance: F=22680=V, +L,

22680 = 9072 +L,
L, =13 608 kg/h
Solid balance: Fxe = L,
22680(0.12) = 13 608x,

X,;=0.2
Effect2:  Total balance: L, =V, +L, 13608 = 9072 +4536 Y



V, = 9072 kg/h \/, = 9072 kg/h

t | '—O_ T ;"'3 = 43.66°C
F = 22680 kg/h :
X = 0.12 ! 52°C
T, =93°C BPR, = 3.858°C
P., =170 kPa
U, = 2271 Wim2.K
1 . L, = 13608ka/h  § | 4536 kg/h
U, =1420 W/m?.K X, = 0.2 >2( =0.6
,=0.

BPR = 0.63 - 3.62x + 15x?
BPR, = 0.63 - 3.62(0.2) + 15(0.2)2 = 0.506°C

At 170 kPa, T , = 115°C

YAT= To,-Tes-(BPR,+ BPR,) = 115 — 43.66 —(3.858 + 0.506) = 66.976°C

AT=SAT U, 66,976 2271 _ oc 7670c

1/U, + 1/U, 1/2271 + 1/1420
AT =T¢-T, 25.767=115-T, .. T,=289.233°C

AT,= ZAT-AT, = 66.976 — 25.767 = 41.209°C



V, = 9072 kg/h \/, = 9072 kg/h

[ O T:3=43.66°C

F = 22680 kg/h

Xg = 0.12 | 89233 C 52°C
T.=93°C _ BPR, = 3.858°C

P, =170 kPa

s2 =
L, =556 kgrn
X,=0.6

Given: c,(kJ/kg.K) =4.19 —2.93x
Cor = 4.19 - 2.93x = 4.19 - 2.93(0.12) = 3.838 kJ/kg.K
Cp1=4.19 - 2.93x, = 4.19 - 2.93(0.2) = 3.604 kJ/kg.K
Cpo=4.19 - 2.93x, = 4.19 — 2.93(0.6) = 2.432 kJ/kg.K

T,er- = 0°C (liquid solution),

ref
he = Cop(Te— T.or) = 3.838(93 — 0) = 356.97 kJ/Kg
h, = Cpy(Ty — T ) = 3.604(89.233— 0) =321.6 kJ/kg
h, = Cpy(T,— T,r) = 2.432(47.52 — 0) = 115.56 kJ/kg



V, = 9072 kg/h = 9072 kg/h

|_ = 43.66°C

520C
BPR, = 3.858°C

L, 8&%%7&’%

' X, = 0.6
h.=356.97 kJ/kg  h;=321.6kJ/kg h,= 115.56 kJ/kg
Tref. = 0°C, liquid solution (same as steam table),
Effect 1: Energy balance: Fhe + S(Hg, — hgy) = L;h, + V H,

22680h. + SAg; = L;h, + V,H,
Material balance: 22680 =V, +L,
V,=22680-L,
22680h. + SAg, = L,h, + (22680-L,)H,
22680(356.97) + SAg; = L,(321.6) + (22680-L,)H,
T4,=115°C ,Hg, = 2699 kJ/kg & hg, = 482.48 kJ/kg.

Ao = (20699-482.48) = 2216.52 kJ/ka



V, = 9072 kg/h = 9072 kg/h
[ = 43.66°C
F = 22680 kg/h

Xg = 0.12 | 89(233FC 52°C
T.=93°C | BPR, = 3.858°C

P, =170 kPa

L, = 13608

| 88.727°C
BPR, = 0.506°C X =07 L, = %gé kgh

X,=0.6

h,= 115.56 kJ/kg
Tref. = 0°C (same as steam table),

Effect 1:  22680(356.97) + S(2216.52) = L,(321.6) + (22680-L,)H,
H, = Hg, + 1.884(BPR,)
T.,=88.727°C, Hg, = 2658.01 kJ/kg and h, = 371.57 kJ/Kg

H, = 2658.01 + 1.884(0.506) = 2658.97 kJ/Kg
22680(356.97) + S(2216.52) = L,(321.6) + (22680-L,)(2658.97) (1)

Effect 2: Lihy +Vi(H; - hgy) = Lohy +V,H,
L,(321.6) + (22680-L,)(2658.97 — 371.57) = 4536(115.56) + (L ,-L,)H,



V, = 9072 kg/h = 9072 kg/h
[ = 43.66°C
F = 22680 kg/h

Xg = 0.12 | 89(233FC 52°C
T.=93°C | BPR, = 3.858°C

P, =170 kPa

L, = 13608 L 8435,%%7k0Cm

X,=0.6

X, =0.2

H, = Hg, + 1.884(BPR,)
At 9 kPa, T ., = 43.66°C, H, = 2580.81 kJ/Kg

H, = 2580.81+ 1.884(3.858) = 2588.08 kJ/Kg
L,(321.6) + (22680-L,)(2658.97 — 371.57) = 4536(115.56) + (L,-L,)H,

L,(321.6) + (22680-L,)(2658.97 — 371.57) = 4536(115.56) + (L,-4536)(2588.08)
~.L, = 13855 kg/h

22680(356.97) + S(2216.52) = L,(321.6) + (22680-L,)(2658.97) (1)
S = 8944 kg/h



V, = 9072 kg/h \/, = 9072 kg/h

[ O T:3=43.66°C

F = 22680 kg/h

Xg = 0.12 | 89(233FC 52°C
T.=93°C | BPR, = 3.858°C

P, =170 kPa

S2 —

L =1360gfkgi § | _BRIRRC
Xy = 0.2 X, = 0.6
L, = 13855 kg/h S = 8944 kg/h

Substituting L, into the material balances of each effect:
V, =22680 - L, = 22680 — 13855 = 8825 kg/h
V,=L,-L,=13855-4536 = 9319 kg/h

Previous calculations: L, =13608 kg/h (% error =1.78 ), V,; = 9072kg/h
(% error=2.8),V, =9072 kg/h (% error = 2.65)

d; = SAg; = U,AAT,

q; = Shg; = 8944‘k§|2216'52 kJI ~1h = 5507 kJ/s
G 136005

5507 x103 M0 | miK 0411 2
" 25.76 0K | 2270w —°%

A



V/, = 8825 kg/h \/, = 9319kg/h

T & = 43.66°C
F = 22680 kg/h
Xg = 0.12 | 89(233FC 52°C
T-=93°C _ BPR, = 3.858°C
P,, = 170 kPa

L, 8&%%7&’%

0, = Vihe, = U,AAT, X, = 0.6

0, = V,As, = 88254K§ 2287.4 kJ| 7
[T 36005 = 5607 kJ/s
5607 X 103 W | m2K
41.209K | 14200V
A.. =A, =94.97 m?
A, =94.11 m? (% error =0.9)
A, =95.82 m? (% error =0.9)
- A=94.97 m?
Steam economy = (8825 + 9319)/8944 = 2.03

A, = = 95.82 m?



— o o e e e e e

Example

P, = 375 kPa

Given: No BPR =05y L_ ¥
C, kJ/kg.K=4.18
U, =2.0 kW/m?.K, U, = 1.7 KW/m2.K
At 13.5kPa, T .3 =51.69°C (from A.2-9 after interpolation) =T,

Total balance: F=(V,+V,) +L,=05
Solid balance: Fxe = LyX,
0.5(0.1) = L,(0.5) ~.L;=0.1kgls
Total balance: 0.5=(V,+V,)+0.1

(V,+V,) = 0.4 kg/s
Assume V=V, V,=V,=04/2 =0.2 kgls



V, = 0.2 kg/s V, =0.2 kg/s
------ ey B

i F—05kg/s

= 27°C

P, = 375 kPa

X{=05¥ """
L, =0.1kgls
Effect1:  Total balance: L, =V, +L,
=0.2+0.1=0.3 kg/s
Solid balance: L,X, = LyX,

0.3x,=0.1(0.5)  X,=0.1667
At 375 kPa, T, = 142.96°C

AT=SAT 1V, _ 9197 1/2 _ 41,9300

/U, +1/u, T 12+1/17
AT,=ZAT-AT;=91.27 - 41.93 = 49.34°C
Since cold feed, AT, will be readjusted to 51°C and AT, = 40.27 °C




V, = 0.2 kg/s V, =0.2 kg/s

F=0.5kg/s

=01
o F
69°C g

L,=0.1kg/s  %=0.1667
Since cold feed, AT, will be readjusted to 51°C and AT, = 40.27 °C
ATy=Te,- T,
51=Tg,-51.69
= Ts,=102.69°C =T,
- = 0°C (liquid solution),
e = Coe(Te — T,or) = 4.18(27 - 0) = 112.86 kJ/kg
h, = Cpy(T, — Tpr) = 4.18(102.69 — 0) = 429.244 kJ/kg

T

N, = Cpp(T,— Tor) = 4.18(51.69 — 0) = 216.06 kJ/Kg

ref.



V, = 0.2 kg/s V, =0.2 kg/s

F=0.5kg/s

=0.1
Te, = Jsoz.ﬁgot =T 69°C3( T = 9700

X;=0.5
L,=0.1kg/s X =0.1667
= 0°C (liquid solution),
he=112.86 kd/kg  h;=429.244 kJ/kg  h,=216.06 kJ/kg
T4,=142.96 °C ,Hg, = 2737.69 kJ/kg & hg; = 601.87 kJ/Kg.

T

ref-

= (2737.69 - 601.87) = 2135.82 kJ/kg
T,=102.69 °C ,Hs, = 2680.24 kJ/kg & hg, = 430.4 kJ/Kg.

= (2680.24 - 430.4) = 2249.84 kJ/kg

H, =Hg, =2680.24 kJ/kg
H, = Hg; =2595.07 kJ/Kg



V, =0.2 kg/s

F=0.5kg/s

=01
o F
69°C = 2mc

L,=0.1kg/s  X%;=0.1667

Tref. = 0°C , liquid solution (same as steam table),
he=112.86 kdJ/kg  h,;=429.244kJ/kg  h,=216.06 kJ/kg
A, = 2135.82 ki/kg Asy = 2249.84 kJ/kg Hy=2680.24 kilkg H,=2595.07 kJ/kg

Effect 1. Energy balance: L,h, + SAg,;=L;h; +V H,
Material balance: L,=V,;+L,
Vl - L2 = O.l

L,(216.06) + S(2135.82) = 0.1(429.244) + (L, - 0.1)2680.24
2135.82S + 225.1 = 2689.28L, (1)



V, =0.2 kg/s

F=0.5kg/s

=01
o F
69°C = 2mc

L,=0.1kg/s % =0.1667
Tref. = 0°C (same as steam table),
he=112.86 kJ/kg  h,;=429.244 kJ/kg  h,=216.06 kJ/kg
Ao, = 2135.82 kilkg Asy = 2249.84 kJ/kg Hy=2680.24 kdkg H,p=2595.07 kJ/kg

Effect 1: 2135.82S + 225.1 = 2689.28L, (1)
Effect 2: Energy balance: Fhe +V,Ag, = L,h, +V,H,
Material balance: F=V,+L,

V,=F-L,=05-L,
0.5(112.86) + (L,- 0.1)(2249.84) = L,(216.06) + (0.5-L,)2595.07
L,(2595.07 - 216.06 + 2249.84) = 1297.535 - 56.43 + 224.984
~L,=0.3167kg/ls S=0.2933kg/s V,=0.1833kg/s V,=0.2167 kg/s



V,=0.2.kg/s V,=0.2 kg/s

o

F—05kg/s

= 27°C
0.3 ko¥s

L, =0.1 kg/s
~.L,=0.3167 kg/s (%o error=5.3)  S=0.2933 kg/s

V,=0.2167 kg/s(% error = 7.7) V, =0.1833 kg/s (% error = 9.1)
Given: U; = 2.0 kW/m?.K, U, = 1.7 kW/m?.K
g, = Shg; = U, AAT, = U, A(Ts; - Ty)
g, = SAg; = (0.2933)(2135.82) = 626.436 = 2(A,)( 142.96 - 102.69)
A, =7.778 m?
g, = ViAg, = UL,ALAT, = U,A,(Ts, - T,)
d, = V,As, = (0.2167)(2249.84) = 1.7(A,)( 51)

A, = 5.623 m? A,. =A, =6.7005 m?

ave.



2167 kgls V,=0.1833 kg/s

o

F = 0-1
T.=27°C

L, = 0.1 kg/s
A, =7.778 m? (% error =16.1)
A, =A, =6.7005 m?
A, =5.623 m? (% error =16.1)
2nd Trial:
Effect1:  Total balance: L, =V, +L,
=0.2167 + 0.1 = 0.3167 kg/s
Solid balance: L,X, = LyX,

0.3167x, = 0.1(0.5)
X, =0.1579 kg/kg



2167 kgls V,=0.1833 kg/s

o

F = 0-1
T.=27°C

L, =0.1 kg/s

A,.=A,=67005m2 A, =7.778m? A, =5.623 m?

YAT=Tg-Tgy = 142.96 — 51.69 = 91.27°C
_ AT/A _ (40.27)7.778

AT, 46.75°C

A 6.7005
AT,’= SAT-AT, = 91.27 — 46.75 = 44.52°C

~Tg,=96.21°C =T,
T,=96.21 °C Hg, = 2670.04 kJ/kg & hg, = 403.06 kJ/Kg.

" As, = (2670.04 - 403.06) = 2266.98 kJ/kg



2167 kgls - V,=0.1833 kg/s
F=0.5kg/s

=01
o F
69°C = 2mc

L, = 0.1 kg/s
T, = 0°C (liquid solution),
As, =2266.98 kd/kg hp=112.86 kd/kg h, =216.06 kJ/kg
h; =Cpy(T; — Tres) = 4.18(96.21 — 0) =402.16 kJ/kg
H, = Hg, =2670.04 kJ/kg
H, = Hg; =2595.07 kJ/kg
Effect 2: Energy balance: Fhe + VA5, = L0, +V,H,

Material balance: V,=F-L,=05-L,
0.5(112.86) + (L,- 0.1)(2266.98) = L,(216.06) + (0.5-L,)2595.07
~.L,=0.316 kg/s



2167 kgls - V,=0.1833 kg/s
F=0.5kg/s

=01
o F
69°C = 2mc

L, = 0.1 kg/s

Tref. = 0°C , liquid solution (same as steam table),
he=112.86 kdJ/kg h;=402.16 kdJ/kg  h,=216.06 kJ/kg
A, = 2135.82 k/kg sy = 2266.98 ki/kg Hy=2670.04 kd/kg Ho=2595.07 k/kg

Effect 1 Energy balance: L,h, + SAg,=L;h, +V H,
Material balance: V,=L,-0.1

L,(216.06) + S(2135.82) =0.1(402.16) + (L, - 0.1)2670.04
Substituting L, = 0.316 kg/s, S = 0.257 kg/s
V,=F-L,=05-L,=0.5-0.316 =0.184 kg/s

V,=L,-0.1=0.316 - 0.1 = 0.216 Kg/s



2167 kgls - V,=0.1833 kg/s
F=0.5kg/s

=01
o F
69°C = 2mc

L, = 0.1 kg/s
Given: U, =2.0 kW/m?.K, U, = 1.7 kW/m?.K

L, =0.316 kg/s (% error = 0.2), S = 0.257 kg/s, V, = 0.216 kg/s(%o error = 0.32),
V, =0.184 kg/s (% error = 0.38),

g, = Shg; = U, AAT)
g, = SAg; = (0.257)(2135.82) = 2(A,)( 46.75)
A, =5.871m?
02 = Viksy = UpAATY’
J, = V,As, = (0.216)(2266.98) = 1.7(A,)( 44.52)

A, =6.47 m? A, =5.871 m? (% error = 5.1)

j— j— 2
ave. = Ay = 6.1705m A, =6.47 m? (% error = 4.86)



Example 8.5-1 «---------mmmmmmrm |

|
|
i Vi V. Vs 1,
F =22 680 I 1 I | T2 1 75
xg=0.1,Tp =26.7°C . | 13.7 kPa :
] (1) 1 @) 1 (3) :
S, 205.5 kPa S \ |
BN AGZE N aGZay
. : 2 TSl TSg ]IWSB
Given: BPR°C =1.78x + 6.22x T, T, Lj :
|
—————— E1rxp-———=-=-bpXg-———— - - - %3-=0.5 -1
¢, = 4.19 - 2.35x o no ?

U, =3123 W/m?.K, U, = 1987 W/m2. K & U, = 1135 W/m2.K
1. T, ,BPR; & T,
At 13.7 kPa, T ., =51.67°C (from A.2-9 after interpolation)
BPR, = 1.78(0.5) + 6.22(0.5)? = 2.45°C
S T3=T, + BPR;=51.67 +2.45 =54.12°C
2. Ly & V;+V,+V,;. Assume V,=V,=V,
Total balance: F=(V,+V,+V;) +L;= 22680 kg/h
Sugar balance:  Fx_=L,x, 22680(0.1) = L4(0.5)  ..L,=4536 kg/h



Example 8.5-1

eV =22,680- L, Vo =L, =L, V3:L2-45§__6
| 1 :
F=22680 [ T | T T3
xp=01,Tg= 26:.7°C : 13.7 kPa
| 1 (1) | 1 (2) g i (3
S,205.5 kPa L [ [s2
| - | /- e _j
T Iy Ts2 Ts3
T, T, Ls =4536
2. Assume V1:V2:V3 Ll , X1 Lz, X2 X3 = 05, T3

Total balance: 22680 = (V,+V,+V;) +4536
(V,+V,+V;) = 18 144 kg/h
V,=V,=V,; =18 144 /3 =6048 kg/h
3. L, Lo Xy & X,
Effect 1:

Total balance: F=22680=V, +L, Sugar balance: FXe =L,

22680 = 6048 +L, 22680(0.1) = 16 632x,
L, =16 632 kg/h X, = 0.136



Example 8.5-1

V,=22,680- L,

-4
A

F =22 680 T, !
xp =0.1, Tp =26.7°C |
i (1) I
1
S, 205.5 kPa |

Tg,

T,
L, =16632 x, =

Effect 2: 0.136
Total balance: L, =16 632=V, +L,

16 632 = 6048 +L,
L, = 10 584 kg/h

Sugar balance: L,X; = L,X,
16 632(0.136) = 10 584x,
_ =0.214
Effect 3 (checking) :
Total balance:  L,=10584=V,;+L,  Sugar balance: L,X; = LgXs
10 584 = 6048 +L, 10584(0.214) = 4536 X,

L, = 4536 kg/h X3=10.5



Example 8.9-1 V,=22680-L, V,=L,-L, Vi =L, - 4536

f | —Ts

F =22 680 T, | T e 4
xp =0.1,Tg =26.7°C 13.7 kPa

R I ’ Tsatszwc—T

$,205.5 kPa . [ P2 Srcm T
. v > —
Tsy Ts2 Ts3
Tl T2 L3 =4536
4.BPR, & BPR; L,=16632 x,=  L,=10584 x,= x3 =03, T3
BPRCC = 1.78X + 6.22%436 0.214

BPR, = 1.78X, + 6.22x,2=1.78(0.136) + 6.22(0.136)2 = 0.36°C
BPR, = 1.78X, + 6.22x,2=1.78(0.214) + 6.22(0.214)2 = 0.65°C

5. Y AT, AT, AT, & AT, Readjust if necessary

AT,=To-T, AT =YAT 1/U,
1/U, + 1/U, +1/U,

AT,=SAT LU,
*AT3= Tgy- T 1/U, + 1/U, +1/U,
« No BPR: AT,=T,-T, *BPR:AT,=T;- BPR;-T,



Example 8.9-1 V,=22680-L, V,=L,-L, Vi =L, - 4536

\ I Q_’Ts
F=22680 T, T, * T_3 \
xp=01,Tg= 26.7°C BPR;=0.36° BPR,=0.6%° BPR;=2.4%°
§,205.5 kPa - - $3.67°C=T,
g 7 o —
Ts Ts2 Ts3
Te=121.1%C Ty 1 T, L3 =4536
L,=16632 x, = L,=10584 x, = x3 =0.5,T;

Given: U; =3123 W/m2.K9-3§ = 1987 W/m2lK & U, = 1135 W/m?.K
5. Y AT, AT, AT, & AT, Readjust if necessary
YAT=Tg-Tg,-(BPR;+ BPR,+ BPR;)=121.1 -51.46 — (0.36-0.65-2.45) =65.97°C

AT =3 AT 1Y, = 65.97 1/3123 = 12.40°C
1/U, + 1U, +1/U, 1/3123 + 1/1987 +1/1135

AT,=SAT 1/U, = 65.97 1/1987 = 19.50°C
1/U, + 1/U, +1/U, 1/3123 + 1/1987 +1/1135

AT .= SAT 1/U, = 65.97 1/1135 = 34.07°C
1/U, + 1/U, +1/U, 1/3123 + 1/1987 +1/1135

Since T=26.7°C ( T;=54.12°C, the feed is a cold feed. Readjust as the feed need to
be heated to T,. AT, =15.56°C, AT, = 18.34°C, AT, = 32.07°C, > AT =65.97°C



Example 8.5-1

V,=22,680-L, V,=L,;-L, Vi =L, - 4536 .
F=22 680 A Tl A T2 s T3 ) S
xg =0.1, Tp =26.7°C |BPR,=0.3° BPR,=0.65° BPR;=2.4%°
lc T, Ic T, e =
$,205.5kPa [al- | T2 | fAe7c=Th
= -0 vaa O 74T = —?
T¢,=121.1°C S S R A
L, =16632 x,=  L,=10584 x,= x3 =0.5, T3
6. T, Tep Ty Tepy To & Ty 0 0.214



Example 8.5-1

3 A S
F=22680 Ty T, 3&_’
xg =0.1, Tp =26.7°C |BPR,=0.3¢° BPR,=0.65° BPR;=2. 4 ’
] r,=86.84 " Qatﬁ -
S, 205.5 kPa AT, = [ 257 T
v 0 > .
834 7 ~2 Tj
So 32.57°C S3”
Tg=121.1°C T505.18°C L; = 4838°C
L,=16632 x,=  L,=10584 x,= x3 =05, Ts

7. Cp, enthalpies, recalcifate L,, L2,\/Ci'2,{?2 V3 & S using heat balances
Given: c,(kJ/kg.K) =4.19 —2.35x
Cpr = 4.19 - 2.35% = 4.19 - 2.35(0.1) = 3.955 kJ/kg.K

CoLs= 4.19 — 2.35x, = 4.19 — 2.35(0.136) = 3.869 kJ/kg.K
Cor= 4.19 — 2.35%, = 4.19 — 2.35(0.214) = 3.684 kJ/kg.K
Covs= 4.19 — 2.35%, = 4.19 — 2.35(0.5) = 3.015 kJ/kg.K



Example 8.5-1

V,=22,680-L, V,=L,-1L, Vi =L, - 4536

\ I Q_’Ts
F=22680 T, T, * T? )
XFp = 0.1, TF = 26.7°C BPR1:0_3 0 BPR2=0.6 0 BPR3:2.4\>°
~|T;=105.54 " |Or,=86.84 e =
_ .
S,205.5 kPa AC, = [ T, = S $1.67°C=Ts,
T - 0 .
77 48.34 Y, = Tj
- 0 Tsy s2~ 32.97°C S3™
Ty=lal.lec Ty T3%05.18°C L, = £839°C
Ll =16 632 X, = L2= 10 584 X, = X3 = 05, T3

Cor = 3.955 kJ/kg.K G, ;= 3889 kd/kg.K *6}l,=3.684 k/kg.K ¢, 4= 3.015 kd/kg.K

h= CP(T - Tref.)

Tref. = 0°C (same as steam table),
Ne = Cop(Te— Trep) = 3.955(26.7 — 0) = 105.6 kJ/kg
hy =Cp (T = T,s) = 3.869(105.54 — 0) =408.3 kJ/kg
h, = Cp ,(T,— T,s) = 3.684(86.84 — 0) = 319.9 kJ/kg

Ny = Cppo(T3— Tor) = 3.015(54.12 — 0) = 163.17 kJ/kg



Example 8.9-1 V,=22680-L, V,=L,-L, Vi =L, - 4536

A | k &_ﬂ_s
F =22 680 : Ty Ty T 3 A
xg =0.1,Tp =26.7°C BPR,=0.65° BPR;=2.4%°

51.67°C=Tl,

§,205.5 kPa |

4
F
I
\L/

|
|
|
I —
' [T ,=86.84 "t =
|
|
|

77 48.34° T = Tj
____ s s2= 32.97°C s3~
Tg=121.1°C : T305.18°C L = 4830°C
L1=16632 X, = |_2: 10 584 X, = X3 =0.5, T,

he=1056kJkg  h,=4083kdkg  °RE319.9kJkg  h,=163.17 kd/kg
Tref. = 0°C (same as steam table),
Effect 1: Energy balance: Fhe + S(Hg, — hgy) = L;h, + V H,
22680hg + SAg, = L;h; +V,H,
Material balance: 22680 =V, +L,
V,=22680-L,
22680h: + SA¢, = L;h, + (22680-L,)H,
22680(105.6) + SAs, = L,(408.3) + (22680-L,)H,

From the steam table (A.2-9) at T¢,=121.1°C after interpolation, Hg; = 2708
kJ/kg and hg, = 508 kJ/Kkg. .. Ag; = (2708-508) = 2200 kJ/kg
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Example 8.9-1 V,=22680-L, V,=L,-L, Vi =L, - 4536

-
F =22 680 A Tl A T2 \ T3 & ) S
xp=01,Tg= 26.7°C BPR;=0.36° BPR,=0.6%° BPR;=2.4%°
“|T,;=105.54 - ,=86.84 =
_ .
S,205.5 kPa [ C1~ | T, = | pAe7rc=T
- TN 7748.34° P
= 0] 3 _
N Tsy s2~ WC  Tss=
Ag; = 2200 T, T$05.18°C]| L, = £831°C
kJ/kg L,=16632 x,=  L,=10584 x, = x3 =0.5, T

he=1056ki/kg  h,=4088BkJkg  OCA¥E319.9klkg  h,=163.17 k/kg

Tref. = 0°C (same as steam table),

Effectl:  22680(105.6) + Shg; = L,(408.3) + (22680-L,)H,
H, = Hg, + 1.884(BPR,)
From the steam table A.2-9 at T,,=105.18°C, Hg, = 2684 and hg, = 441 kJ/kg

H, = 2684 + 1.884(0.36) = 2685 kJ/kg
22680(105.6) + S(2200) = L,(408.3) + (22680-L,)2685 1)
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Example 8.5-1 V,=22680-L; Vy=L,-L,

| = 22,680 - V3—L2—-45%
A T1 I 'IL__T'2 o TS

F =22 680 |
xg =0.1, Tp =26.7°C |BPR,=0.3¢° BbR2 0.65° n BPR;=2. 4>
’ O',=86.84 " “:satﬁ -
S,205.5 kPa AT, = | B387°C=T,
- > 340 AN e A
Tg,=121.1°C N A e - | el Ter
S2— )
Ag1 = 2200 Hp5.18°C | L3 = 4839°C
kJ/kg L,=16632 x,=  L,=10584 x,= x3 =05, T3

he = 105.6 kJ/kg h,= 408:33kJ/kg [84+4319.9 kJ/kg h,=163.17 kJ/kg
hg, =441 kd/kg H,; =2685 kJ/kg
Tref. = 0°C (same as steam table),

Effect 2: L.h; +V,(H; —hgy) = Lyh, +VyH,
L,h; +(22680-L,)(H, - hgy) = Lyh, + (Ly-L;)H,
H, = Hg; + 1.884(BPR,)
From the steam table A.2-9 at T;;,=86.19°C, H; = 2654 and hg; = 361 kJ/kg
H, = 2654+ 1.884(0.65) = 2655 kJ/kg

L,(408.3) + (22680-L,)(2685 — 441) = L,(319.9) + (L,-L,)(2655) ()
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Example 85'1 vV, =22,680- L, Vo=L, =L, V3 =L =45

6 _
I\ J %\A >Ts
F =22 680 T, | T HEE ',
xp=0.1,TF =26.7°C BPR,=0.3§° BPR,=0.6%° BPR31|:2'4"0 :
~|C,=105.54 - ,=86.84 4 Tsat.zo: I
5,205.5kPa [ OL- | T, | PRETThe l
— g ~48.34° 7> I
T,=121.1°C 3 i Eoc ‘ _T_s§=l iy
S2—
Ag; = 2200 Bp5.18°C | L, = £535°C
kJ/kg L,=16632 x,=  L,=10584 x,= x3 =05, T3

he = 105.6 kJ/kg h,= 408:33kJ/kg [84+4319.9 kJ/kg h,=163.17 kJ/kg
hg, =441 kd/kg H,;=2685kJ/kg H,=2655kI/kg hg;=361kJI/kg
Tref. = 0°C (same as steam table),

Effect 3: L,h, +Vy(H; —hg;) = Lshs + V3H;
L,h, + (L;-L;)(H, — hgg) = Lghg + (L,-4536)H;
H,= Hg, + 1.884(BPR,)
From the steam table A.2-9 at T;,=51.67°C, Hg, = 2595
H, = 2595+ 1.884(2.45) = 2600kJ/kg

= L,(319.9) + (L,-L,)(2655 — 361) = L,(163.17) + (L,-4536)(2600)  (3)
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Example 8.5-1 V2226801, V,=L,-L,

= V3 —Lz - 45%
A T2 TS

F =22 680 | T
xgp=0.1,Tg= 26.7°(2 BPR,=0.3§° BPR,=0.6§° EPR:% =2. 4 ’
S,205.5 kPa__ 51’_'670C2T54
T,=121.1°C e T
Ay = 2200 | L, = 8535°C
kJ/kg L,=16632 x,=  L,=10584 x,= x3 =0.5, T3
22680(105.6) + S(%%O) L,(408.35+ (22680-L,)2685 (1)
L,(408.3) + (22680-L,)(2685 — 441) = L,(319.9) + (L,-L,)(2655) 2)
L,(319.9) + (L,-L,)(2655 — 361) = L,(163.17) + (L,-4536)(2600) (3)

Solving simultaneously eq. (2) and (3):
L, =17078 kg/h and L, = 11068 kg/h
From eq. (1) after substituting L, =17078 kg/h and L, = 11068 kg/h , S = 8936 kg/h
Substituting L; & L, into the material balances of each effect:
V,=22680- L, =22680 - 17078 = 5602 kg/h
V,=L,;-L,=17078 — 11068 = 6010 kg/h
V; = L,- 4536 = 11068 — 4536 = 6532 kg/h
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Example 8-5-1 v, =22,680-L, Vo=L, =L, V3—L2-45§_>T

F =22 680 1 T L
xp = 0.1, Tg = 26.7°C |BPR,=0.36° BPR,=0.65° 3
[C=105.54 " |0r,=86.84
5,205.5kPa 1= 1590°C | W, = 18.30°C *
- "8,=3173 Za TR 7€y
T¢,=121.1°C ; To-
> Wiy T = U, Y135 s
S1 WIm¥ K s2 3~ _ 63K0°C
A, = 2200 T, 105.18°C ' Wimphs =
X3 = 0. 5 T3

kJ/kg L,=16632 x, = L,= 10584 x, =
Latest calculations2¥$ =17078 kg, = 11068 kg/h , S = 8936 kg/h ,
V, =5602 kg/h, V, = 6010 kg/h and V; = 6532 kg/h
Previous calculations: L, =16632 kg/h (% error =2.6 ), L, = 10584 kg/h
(Yoerror=4.4),V, = 6048 kg/h (% error =8.0), V, = 6048 kg/h (%
error =0.6 ) and V3 6048 kg/h (% error=7.4)

9. If errors ( 10%o, calculate q,, 9, , d;, A, Ay, Ay & A, IT errors )10%, revise ATS.

d; = SAg; = U,AAT,

g, = Shg; = 8936KG|2200 kI | W~ 5160 /s
| kg | 3600s ~

A _5460X 103 M | miK 1942
17 15.56 K& 3123w~ —°
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Example 8-5-1 v, =22,680-L, Vo=L, =L, V3—L2-45§_>T

F =22 680 1 T L
xp =0.1, T =26.7°C |BPR,=0.3§° BPR,=0.6%°
C[C=105.54 |0 ,=86.84
5,205.5 kPa Gt 129P°CH | W, = 18300C
"0,=3123 72
T,,=121.1°C ) 198
o Wiy Tsy WIm¥ K s>~ . AFRE9°C
A, = 2200 T, 105.18°C | vuriflie =
X3 = 05, T3

kJ/kg L, = 17078 kg/h L,= 11068 kg/h
Latest calculations: L, =17078 kg/h, L, = 11068 kg/h, S = 8936 kg/h,

V, =5602 kg/h, V, = 6010 kg/h and V; = 6532 kg/h
g, =5460 kd/s A, =112.4m? Asve. = An =104.4 m?

0, = ViAg, = 5602 kG| 2244 k| AR -
Ikg  13600s ~ Ane. = Ap = 1044 m?2

A_3492x103y(| MK g
2~ 18.34 )& S

0; = Vohg; = 6010KG| 2294 k| A0 —
| g  13600s ~

A_3830x103¥(| 117 N
373207 [ 11350 ~
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Example 8.5-1 |, _, 0.1, v, -1,-1,
 § A
F =22 680 T, T,
xp =0.1, T =26.7°C |BPR,=0.3§° BPR,=0.6%°
C[C=105.54 ,=86.84
5,205.5 kPa Gt 129P°CH | W, = 18300C
"8,=3123 v O
T5=1211°C  \ypsoo 198
o ' Tsy WIm¥ K s2=
A, = 2200 Ty 195.18°C |

kJ/kg

L, = 17078 kg/h

L,= 11068 kg/h

V3 —L2 - 45
TS

Latest calculations: L, =17078 kg/h, L, = 11068 kg/h, S = 8936 kg/h,
V, =5602 kg/h, V, = 6010 kg/h and V; = 6532 kg/h

9. If % errors for A}, A,, A;)10%, revise ATS

g, =5460 kJ/s
g,= 3492 kJ/s

5= 3830kJ/s

Aave. =
SA=

A, = 112.4 m?

A, =95.8 m?

A,= 105.1 m?
A =104.4 m?
104.4 m?

(% error =7.7)
(% error =8.2)

(% error =0.7)
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