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Calculation Sheet

Operating condition
- Steam inlet@ T = 135°C, P = 3.5 bars
- Internal Pressure (in tank),
e Operating Pressure @ 1- 3 bars
e Design Pressure @ 4.5 bars
- External Pressure (in jacket),
e Operating Pressure @ 3.5 bars

® Design Pressure @ 5.5 bars

Heat Transfer Calculation

Steam@P =3 bars —> T, =133.5°C

Q =mCAT
100 kg.x.10° J o
= — x75.4 5 x(130-30)"C
18 (MW) mol” C

= 41888 x 10"J
Flectric (W% Boiler) = 6,000 J/s

6,000 T At = 41888 x 10" J
S

At = 6981.5S = 116.36 mins (Sterilization heating time)

wann 4 lunisin i nmaenmnsiiaann 30°C — 130°C

Jacketed Vessel. Isothermal Heating Medium (uuunan Perry’s 10-38)

In(T, —¢
nhi—h) _UA9.  here A = Heat-Transfer surface
(T1-12) Me

C,c = Specific Heat of Hot and Clod fluid
M = Weigh of fluid in Tank

T,t = Temp of hot & cold fluid

—_
[l

Temp of beginning period/inlet.

2 = Temp of end period/outlet.

w
[l

liguid add to Tank.



T1 = Tsteam@begining = 1350C
t, = T, (@W19~H,0) @ beginning = 30°C

t, = T, (@119~H,0) @ end 121°C

20
A = 21trh = 2z.x—m.x.0.8.m .
100

=1m’
M = 100 kg = 100x10° = 5555.55 mol.
Cp (H,0) = 75.4 J/mol °C

. (135-30) Ux(1m?).(120.x.605)
a _

(135-12D) 5555.55mol x75.4 J | mol°C

U = 117.23 J/s m’ °C = W/m’ °C (U Mwpizassiaanililé)

Note: A T, lugunisiianann

mC_AT

Q= g = UAATIm
me (t2 _tl) o o
— - UAATIm (441191 Jacketed Vessel.)
Und ATIm = (Th—12)—(T2—-11)
In (T, —15)
(T, —15)
Tunediil ATim = —2=%)
(T, —1)
(Ty - 1,)

Ureal 11a1n 1) ¥ hj = Heat transfer coefficient at the outsides wall of the reactor
2) 11 h, = Heat transfer coefficient at the vessel wall
3) I heat transfer of stainless steel
4) ¥in U = Overall coefficient
Spiral channel : section 25x80 mm

No. of spiral = Height of jacket/pitch

80 cm x10(mm
80cmx10(mm)

80 mm



Length of channel = L # Steam fasluaninu

= No. of spiral xntD

10xmtx0.4 = 12.56 m

Cross-sectional area of channel = (25x80) x 10° (m2)

= 2x10° m’
Hydraulic mean diameter, de = 4xcross-sectional area/Wetted perimeter.
4x(25x80)
= —— =38.10mm
2x(25 +80)
30+121
Physical properties of liq in reactor@ T = =755°C

- pH,0 = 974.55 kg/m’
- UH,0 = 0.4 m Ns/m’
-k, ~ 0.6728 w/m’C

-C, = 4.185kJkgC

Agitator Type = Flat Blade disc Turbine (just for calculation)
- A7 > % GTank > 20 cm
- Astimate ¢turbine = 20 cm (D)

30 _
- Agitator speed (N) = 30 rpm = 5 — 0551

2 2
ND 4.55x0.5x0.2
e - P _9T4SSX05x02%
u 04x10~3
C u 3 -3
o - Pt 418x0°x04x1070
k, 0.6728

A41N19 Flat blade disc turbine, baffled vessel, transfer to vessel wall, Re > 400

(Chem. Eng. Vol 6 #ti1 708)

0.14
Nu = 0.74 Re"” P (i]
H,

h D

f

— 0.74x(48727.5) %67 (2.488)0-33



h x0.2

14 =1382.52
0.6728

h, = 4650.8 W/m™*C ****

W h =nh, Condensation inside the tube (Horizontal) (Chem. Eng. Vol. 6 o 656)
Assume flow patterns in condensation is “Annular flow”
From Boyko-kruzhilin eq.

N - h{1+1/pL/pV

c i 5 ] ; h‘i = the tube ride coefficient

. k
h, = o.ozl(d—L] Re?8 p 043
i

AT
Re = _v
Hy
" Nynd,

; where k@ 133.5°C = 0.6827 w/m°’C
d = d, = 3810mm = 38.10x10° m
1 @ 133.5°C = 0.18 cp (mMNs/m°)

I', = Vertical Tube loading

N, = Number of tube = 1

W, = Total condensate flow

1 W_ neau (Steam Flow rate)

Q = mCAT + mL+mC AT (negligible)

p steam

6000 7 - m(4.188 J

J
x(133.5 —30)Oc+2258.66—J
S

g’C g

6000 ~ = 262,118 x.m
S g

m = 2228 g/s = 2.228x10° kg/s



-3
W, 2228x10 =0.018614 kg /s.m

T Nad 1xm38.1x107

4z, _4x0.018614

Re = = 413.65
My 0.18x107 3
Cpu
P = 1‘1 L ¢, = 4185 kiikg'C
f

4.185x10°x0.18x10~>
= =1.103

0.6827

. k 0.6827
h; = o.oz{d—LJ Re"8 pr04 0.021(— (413.65)%8 (1.103) 04

i 38.1x10~
= 48.656 W/m™°C
h, = h, @ ; p. = 932.836 kg/m’
p, = 15576 kg/m’
= 48.656 {“W}

619.70 W/m™°C

Taking the thermal conductivity of Stainless Steel = 16 W/m’C

Stainless Steel Thickness =4 mm

| 4x1073 1
+ +
619.70 16 4650.8

i
U

U = 481 W/m*°C > 11723 .. OK.!

3



Vi

Mechanic Design

1) Tank : - Internal Design Pressure = 4.5 bars
- External Design Pressure = 5.5 bars

-Temp max = 150°C

Note : Normally, Design Pressure take as 10% above operating Pressure
(3x1.1 = 3.3 bars)
Internal : @T = 150°C, SS 304 Design stress = 130 N/mm’.
(Table 13.2 Chem. Eng. Vol. 6)

P;D;

2f — P,

For Cylinder (13.52) e =

Where; P, = int. Pressure = 4.5 bars = 0.45 N/mm?
D,

f = Design Stress (Table 13.2)

int. ~40cm = 0.4m = 0.4x10° mm

130 N/mm’

e = minimum thickness required

0.45x0.4x10°
2x130 — 0.45

0.6935 mm.

add corrosion allowance 2+ 0.6935 = 2.6935 mm.

Say 3 mmis O.K.!

Take wall thickness = 4 mm.

External : For jacketed vessels.
max. pressure difference (occur when we loss pressure intake) = full jacket pressure

= 5.5 bars

. 3

For short closed vessel : P. = kKE|— | ;
DO

Where; K, = function of ¢ and thickness (Fig 13.16)

E = Yong’'s modulus

t = wall thickness

B external diameter



Vii

’

D
N — ay —2

D, t

where; L' =

effective length

t = Letitabout4 mm.

L' 95 D 400
— = 2 =2375 : 2 = = -100
D, 40

t 4
From Fig 13.16 , K_ (collapse coeff.) ~ 12

@T150 C, E (stainless) =

186.85 kN/mm’ = 1.8685x10" N/m”
AN
P, = 12x1.8685x10“(—j
400

= 22422 x 10°N/m’ = 22.422 bars **** Q.K!

2) Jacket : - Internal Desigh Pressure = 5.5 bars
- Temp max = 150°C

Take Data from Tank calalulation

P.D.
as _ 171
2f — P.
1
Where; Pi =

5.5 bars =0.55 N/mm2

Di = 45¢cm. = 0.45m =0.45x 10> mm.
F = 130 N/mm’

0.55%0.45x10°
2x130 - 0.55

= 0.9539 mm.
Add corrosion allonance 2+0.9539 = 2.9539 mm

Say 3 mm is OK ! But take 4mm as Tank thickness



viii

Motor Power Consumption.

Dt =40 cm.

Da = (20.5Dt) = 20-30 cm.
H = 80-100 cm.

J =4cm.

E =0.5Dt+4 = (20+4) cm.
W =8cm.

L =64cm.

For Baffled Tank : Fig 9.12 Unit Operation (McCabe) W1 250
The corresponding shape Factor.
S, = Da/Dt = 30/40 =0.75
, = E/Dt = 24/40=0.60
= L/Da = 6.4/30 =0.2133
J/IDt = 8/30 =0.2667
= H/Dt = 4/40 =0.10

w v v v On
[l

= H/Dt = 90/40 =2.25

Agitator Type= Flat Blade Disc Turbine (just for calculation)
In baffled tank, where the flow is fully turbulent the power number is independent on
Re and viscosity is not a factor

Then Np = K, (Table 9.3 Unit #%in 254)

o KTN’D3p

gc

Where;K; = Magnitudes of constant = 5.75

300 _
Agitator speed = 300rpm = — =58 !

60
Da = Agitator diametor = 30 cm. = 1ft.

N

P = Lig solution density
=1.3 g/cm3
= 1300 kg/m’ = 81.17 Ilbm/ft’



Note : PH,O = 1000 kg/m’

Pegg = 1200 — 1300 kg/m’

5.75x5° x1° x81.17 ft— by
P = =1813.52
32.17
= B2 945868 ~ 2500 W
0.7376
= 3.3hp

ft—Iby
S

912.7 W

Note if Da=25cm = 0.8202f , P= 673.2
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(A 100-liter fermenter with accessory)
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