Air filter (FG-212)

02, N2 HO
impurities

APPENDIX A
MASS BALANCE

Feed air = 8816.9136

Air filter

——»

02, Ny H>O,
impurities

L-——> detained impurities

Assumed impurities = 0.0036%
Impurities = 8816.9136 x 0.0036% = 0.3178 kg/h

Humidity = 0.02

2:

kg H,0

kg dry air

ng x total air = 6631.1530

0, = 221 total air = 2013.2390

1.02

H,0 = 992 total air = 172.2038
.02

Air Filter (FG-212)

input kg/hour output kg/hour
N; 6631.1530 Nz 6631.1530
0, 2013.2390 0, 2013.2390
H,O 172.2038 H,O 172.2038
Impurities 0.3178 Impurities 0.2802
Detained impurities 0.0376
8816.9136 8816.9136




Drum Separator (D-113)

NH;, water
impurities

NHj vapor, water

—— 3 Drum separator | . o
mmpurities vapor

——> NH; liquid, impurities liquid

Pure ammonia (NH3) = 489.6652 kg/h

Assumption 98% NHj vaporize

NH; vapor = 98% x 489.6652 kg/h = 480.0639

NH; liquid = 489.6652 — 480.0639 = 9.6013 kg/h (recycle)

Drum Separator (D-113)
input kg/hour output kg/hour
INH; feed 489.6652[NH; liquid 9.6013
NH; vapor 480.0639
Impurities 0.0856|Impurities vapor 0.0486
Impurities liquid 0.0370
Water 2.4006|Water 2.40006
492.1514 492.1514

Ammionia Filter (FG-115)

NH;
impurities

NH;

— ! Ammoniafilter | . ..
1mpurities

—* detained impurities

Feed: NH; vapor = 480.0639 kg/h

Assumption 10 % detained as impurities

Detained impurities = 0.0048 kg/h

NH; for tail gas = 7.4864 kg/h

NH3 into reactor = 480.0639 — 7.4864 = 472.5775 kg/h =27.7497 kmol/h



Ammonia Gas Filter (FG-115)

input kg/hour output kg/hour
NH; 480.0639 NH; 480.0639
Impurities 0.0486 Impurities 0.0438
Detained impurities 0.0048
480.1125 480.1125

Ammonia + Air filter (FG-312)
Assumption all the impurities are detained.

Ammonia+air filter (FG-312)

input kg/hour output kg/hour
INH; 472.5297NH; 472.5297
Water 154.9756;Water 154.9756
Impurities 0.2470
N, 5949.1279|N, - 5949.1279
O, 1806.0416{0 1806.0416
Detained impurities 0.247
8382.9218 8382.6748

Tubular Membrane Reactor

02, N, .| Reactor 02, N2
NH; H,O H,0, NO

Component loading to the reactor :
NH; =27.1920 kmol/h = 472.5297 kg/h
Air =277.3562 kmol/h :

e H,Oinair= % % 277.3562 = 8.6002 kmol/h 154.9756 kg/h

e N;inair= 2 x 277.3562 =212.3172 kmol/h = 5949.1279 kg/h

e Oinair= 1062312 x 277.3562 = 56.4388 kmol/h = 1806.0416 kg/h

Total = 8382.6748 kg/h
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There are 2 reactions occur:

NH; + %Oz > NO +

27.1920 33.99 27.1920

3 1
NH; + 20, > =N, +
3 4 2 2 2

0.5549 0.4162 0.2775

3

) H,O Conversion = 98%
40.788

3 .

3 H>O Conversion = 2%
0.8324

Therestof O, =56.4388 —(33.99 +0.416)

= 22.0326 kmol/h
= 705.0432 kg/h

Component that is formed:
NO  =127.1920 kmol/h

=815.7529 kg/h

H,O = (40.788 + 0.8324) kmol/h
=749.9996 kg/h

N> =0.2775 kmol/h
=7.7756 kg/h

Product from the reactor:
NO =27.1920 kmol/h
H,0 = 749.9996 kg/h + 154.9756 kg/h
N, =7.7756 kg/h + 5949.1279 kg/h
0, =22.0326 kmol/h

Total

815.7529 kg/h
904.9752 kg/h
5956.9035 kg/h
705.0432 kg/h
= 8382.6748 kg/h

i

I

l
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Tubular Membranes Reactor (R-310)

input kg/hour output kg/hour

NH; 472.5297|NH;

o3 1806.0416{0; 705.0432

INO INO 815.7529

N, 5949.1279IN, 5956.9035

HO 154.9756{H,0 904.9752
’ 8382.6748 8382.6748

Tailgas Preheater I1I (E-513)

0,NO, [ Tailgas NO, 0o, Ny,
N; H,O Preheater Il —* H,0,NO,
The reaction is:

2NO + 0, -2 2NO, Conversion = 25%
M 27.1920 22.0326
R 6.7980 3.3990 6.7980

S 20.3940 18.6336 6.7980

Tail gas Preheater ITI (E-513)

input kg/hour output kg/hour

INO 815.7529NO 611.8200

O, 705.0432|0, 596.2693

N, 5956.9035|N> 5956.9035

H,O 904.9752{H,0 904.9752

INO, INO, 312.7068
8382.6748 8382.6748




Economizer (E-413)

0:.NO, ,| Economizer . NO, 0, N,
N2 H,O H,O , NO,
The reaction is:
2NO + 0O, -2 2NO; Conversion = 25%
M 20.3940 18.6336 6.7980
R 6.7980 3.3990 6.7980
S 13.596 15.2346 13.5960
Economizer (E-413)
input kg/hour output kg/hour
NO 611.8200f NO 407.8800]
0, 596.2693] O, 487.5024
N, 5956.9035] N, 5956.9035
H,O 904.9752| H,O 904.9752
NO, 312.7068] NO, 625.4137,
8382.6748 8382.6748

Tailgas Preheater II (E-512)

0 NO, R Tailgas | NO, O, Na,
N> H;O Preheater 11 H,0, NO,
The reaction is;

2NO + O, - 2NO, Conversion = 25%
M 13.5960 15.2346 13.5960
R 6.7980 3.3990 6.7980
S 6.7980 11.8356

20.3940



Tail gas Preheater II (E-512)

input kg/hour output kg/hour
NO 407.8800[NO 203.9400
O, 487.5024{0, 378.7356
IN> 5956.9035N, 5956.9035
H;O 904.9752/H,O 904.9752
INO, 625.4137|NO; 938.1205

8382.6748 8382.6748
Feedwater Preheater (E-411)
02, NO, ,| Feedwater | NO, Oz, Ny,
N, H,0 Preheater H,O, NO,
The reaction is:

2NO + O, - 2NO; Conversion = 24%

M 6.7980 11.8356 20.3940
R 6.5261 3.3990 6.7980
S 0.2719 8.5725 26.9201
Feedwater Preheater (E-411)
input kg/hour output kg/hour
INO 203.9400|NO 2.1570
0, 378.7356/0, 2743200
N> 5956 .9035|N; 5956.9035
H,O 904.9752|H,0 604.9752
INO, 938.1205NO, 1238.3191

8382.6748 8382.6748
Cooler Condenser (E-611)
02 NO, NO; | cooter NO, Oz, N,
N, H,O Condenser H,0, NO,

A-T

— HNO,;, H;0



The reaction is:

3INO, + H,0 S 2HNO; + NO

M 269201 502206

R 131100 43700 87400 43700

S 138105 458506  8.7400 43700
N %oz 5 NO, 95 %

M 43700 85725

R 41515 20757 4.1515

S 02185 64968  4.1515

Component out from cooler condenser
NO =0.2185 kmol/h = 6.5550 kg/h
NO, =4.1515+13.8101 = 17.9616 kmol/h = 828

0, =6.4967 kmol/h
N2  =212.5947 kmol/h
H,O =45.8506 kmol/h

Cooler Condenser (E-611)

input kg/hour |output kg/hour
INO 8.1570NO 6.5550
O, 274.3200(0, 208.8944
INO, 1238.3191[NO, 828.4132
N, 5956.9035|N, 5956.9035
H,O 904.9752iH,0 828.2278
HNO, HNO, 553.6809
8382.6748 8382.6748
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Absorption Tower (T-610)

From the Chemical and Catalytic Reaction Engineering by Carbery, 1976 page 289 for
absorption with reaction process:

The equilibrium absorption reaction in the absorber is

3NO; + H20p «> 2HNOsg + NO (a)

2NO; © N204 (b)

Reaction (a) is equilibrated slowly; (b) instantaneously

The irreversible rate of gas-phase oxidation of NO in terms of partial pressure is

d(NO
A~ k(N0 (0,) ©
where kK is,
logk, = 6Ti_ 1.026 T in Kelvin (d)

HNO; to be produced in this preliminary plant is 60 wt%, with 1.6 ID and 30 cm plate
spacing.

Component loading to the absorber

species | Feed rate (Ibmol /h)
NO 0.4817

NO, 39.5979

O, 14.3225

N 468.6832

Secondary air loading to the absorber
O, =28.597 Ib mol
N, = 522.3826 Ib mol

Total component loading to the absorber with secondary air:

species | Feed rate (Ibmol /h) | Feed rate (kg/h)
NO 0.4817 6.555

NO, 39.5979 828.4132

0, 28.597 415.0912

N» 522.3826 6639.4147

Process water needed = 446.3547 kg/h
Water from cooler condenser = 828.2278 kg/h
- Nitric acid from cooler condenser = 553.6809 kg/h

By simulating with Matlab (M-file program attached):

Amount of tray needed: 22




Product from the reactor:

Species | Rate (kg/h))

NO 17.9314
0O, 281.7852
NO, 0.8249

N» 6639.4147

H,O 11111111

HNO; 1666.6667

N2O4 0.0035

Absorption Tower (T-610)

input kg/hour  |output kg/hour
INO 6.555NO 17.9314 -
0O 415.09120; 281.7852
INO, 828.4132INO; 0.8249
IN2 6639.4147|N, 6639.4147
H,O §28.2278H,0 11111111
H,O process 446.3547H,0 process
HNO; 553.6809HNG; 1666.6667
N,0,4 IN,O,4 0.0035
9717.7375 9717.7375

SCR Reactor (R-510)

Component loading to the SCR-reactor (tail gas from the absorber + ammonia):

Species | Rate (kg/h) | Rate (kmol/h)
NO 17.9314 0.5977
NO, 0.8249 0.0179
NHj3 7.4864 0.4396
N, 6639.4147 236.9527
O, 281.7852 8.8058

Reaction in the SCR-reaction
6 NO+4NH; = 5N, +6 H,O
6 NO, +8NH; =2 7N, + 12 H,0



Assumption: conversion of both reactions is 90%

6 NO + 4 NH; > SN, + 6 H,0
M 0.5977 0.4279
R 0.5777 0.3851 04814 0.5777
S 0.02 0.0428 0.4814 0.5777
6 NOZ + 8 NH3 - 7 Nz + 12 HzO
M 0.0179 0.0117
R 0.0079 0.0105 0.0092 0.0158
S 0.01 0.0012 0.0092 0.0158
From the reaction :
Species | Rate (kmol/h)
NO 0.02
NQO, 0.01
NH; 0.044
N> 0.4906
H.0 0.5935
Product from the reactor:
NO =0.02 kmol/h = 0.6 kg/h
NO, =0.01 kmol/h = 0.4601 kg/h
NH;= 0.044 kmol/h = 0.7493 kg/h
N> =0.4906 kmol/h + 6639.4137 kg/h =6653.1531 kg/h
H,0 = 0.5935 kmol/h = 10.6949 kg/h
0O, =8.8058 kmol/h = 281.7852 kg/h
Total =6947.4426 kg/h
SCR Reactor (§-510)
input kg/hour joutput kg/hour
INO 17.9314NO 0.6
INO, 0.8249INO, 0.4601
INH; 7.4864|NH, (0.7493
IN2 6639.4147|N, 6653.1531
H,0 H,O 10.6949
O, 281.7852|0, 281.7852
6947.4426 6947.4426

A-11
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APPENDIX B

HEAT BALANCE
Air Compressor (JC-210)
Air {(32°C) Air (338.2396°C)
» JC-210 >
Trer=25°C

T input of air = 32°C

Tav = (Tinput + Tre)/2

Tav = (32+25)/2 = 28.5°C

= 6807.0420 kg/h
= 1809.5299 kg/h
Entering H,0 = 172.2824 kg/h

Entering N,
Entering O,

From Kern, at 32°C:

Cp N2 = (.23 kcal/kg.°C
CpO; = (.21 kcal/kg.°C
Cp H,O = (.44 kcal/kg.°C
The entering enthalpy:

H N; = m.Cp.AT = 6807.0420x0.23x(32-25)
H O =m.Cp.AT = 1809.5299x0.21x(32-25)
H H,0 = m.Cp.AT = 172.2824x0.44x(32-25)
Total

Trer = 25°C

T output Of air = 338.2396°C
Tav = (Tinput + Tre)/2

Tay = 181.6198 °C

From Kern, at 181.6198 °C:

Cp N, — 0.2488 kealkg.°C
Cp O, = 0.2197 keal/kg.°C
Cp H,O = (.5004 kcal/kg.°C

Universitas Kato

. g W A Nl
usT A oA AT
’ B ’ K Yoo coaLuald

AT A

sUR AP

10959.3376 kcal/h
2660.0090 kcal/h
530.6298 kcal/h +

14149.9764 kcal/h



The exiting enthalpy:

H N> =m.Cp.AT = 6807.0420x0.2488x(338.23962-25) =530580.1906 kcal’/h

H O = m.Cp.AT = 1809.5299x0.2197x(338.2396-25) =124418.5118 kcal/h

H HyO = m.Cp.AT = 172.2824x0.5004x(338.2396-25) = 26783.6456 kcal/h +
Total 681782.3480 kcal’h

Hin = I_Iout + Q
14149.9764 = 681782.348 +Q
Q =667632.3716 kcal/h

Air Compressor (JC-210)

input kkal/hour output kkal/hour
heat of material 14149 .9764|heat of material 681782.3480
heat of compression 667632.3716

681782.3480 681782.3480

Tail gas Preheater I (E-511)
Tailgas (30°C)

Air (338.2396°C) [ e Air (T°C)
—p ——»

Tailgas (80°C) l

AHj, for entering air is taken from the output of air compressor’s heat balance;
AH;;, of air = 681782.3480 kcal’h

Enthalpy of tail-gas at 30°C; it is the total of each component’s

mcomponcnt-cpcomponcnt-AT

Cp at T,y = (30+25)/2 = 27.5°C; simulated by ChemCAD; Meomponent 1S taken from
- mass balance. 3 Mcomponent-CPcomponent-AT 1s calculated by MATLAB.

AHi, of tail-gas = 8443.50369 kcal/h

Enthalpy of tail-gas at 80°C; it is the total of each component’s

mcomponcnt-cpcomponcnt-AT



Cp at Tay = (80+25)/2 = 52.5°C, simulated by ChemCAD, Mcomponent 1S taken from
mass balance. Y Mcomponent-CPcomponent. AT is calculated by MATLAB.
AH,,; of tail-gas = 95066.7380 kcal/h

Total AH;, = AHj, of air + AHj, of tail-gas
= 681782.3480 kcal/h + 8443.50369 kcal/h
=690225.8517 kcal/h
Qloss = 8736.5485 kcal/h
Total AHy, = Qloss + AH,y of tail-gas + AH,y of air
690225.8517 kcal/h = 8736.5485 kcal/h + 95066.7380 kcal/h + AHyy of air
AHgy of air = 586422.5654 kcal/h
By trial and error of Y’ mcomponent.CPcomponent-AT formula, it can be found that the

temperature of exiting air is 255 °C

Tail gas Preheater I (E-511)

input kkal/hour |output kkal’/hour
enthalpy of compression air 681782.348/enthalpy of compression air 586422.5654
Enthalpy
of tail gas 8443.50369enthalpy of tail gas  95066.738
Q loss 8736.5485
690225.8519 690225.8519

AnithoniaVapotizer (FE-112)

Steam

NH; liquid (30°C Bl F— 480.1119 kg/h NH; vapor
4899101 kgh — "] 517982 ke/h NH liquid
Condensate 4 37.78°C Recycle

The enthalpy entering vaporizer

489.9101 kg/h liquid ammonia 99.5% enters vaporizer at 30°C and 170 psi
Percentage of exiting ammonia recycled is 5 %

F =FF+R



489.9101 = 480.1119+9.79

82

Hin  =480.1119 kg/h x 81.721 kcal/kg + 9.7982 kg/h x 86.28 kcal/kg
= 40,080.6133 kcal/h

The enthalpy exiting vaporizer:

QNHzout =480.1119x351.9+9.7982 x 86.28

(vapor)
=169,796.7663 kcal

40,080.6133 + Q = 169,796.
Q=129,716.153 kcal/h

7663

Considering the amount of 10 % of Q loss
Q supply = (40,080.6133 + 129,716.1530).100%/90% = 188,663.0737 kcal/h

Q loss = 18,866.3074 kcal/h

(liquid)

Superheated steam wanted at 200°C and 700 kPa, from Geankoplis’ Appendix;
hy=2844.8 kJ/kg and h; =419.04 kJ/kg
For steam, & = hy — h;, =2465.76 kJ/kg.°C x 1 kcal/4.184 kJ = 589.3308 kcal/kg.°C

So the amount of steam needed

= Q supply/ A

= 188,663.0737 ***'%;, / 589.3308 "/«

=320.131 kg/h
AmmoniaVaporizer (FE-112)
input kkal/hour output kkal/hour
heat of material 40080.6133heat of material 169796.7633
steam 148582.4574/Q loss 18866.3074
188663.0707 188663.0707

Tubular membrane Reactor (R-310)

T Flue Gas

Air + ammonia (255°C) Nitrous Gas (1060°C)
R-130
—— —»
A

LNG



Entering enthalpy:
Tav = (Tinput + Trer)/2
= (255 +25)2 = 140°C
AHin = 538,749.3484 kcal/h
Quoss = 10% x AHip
=53,874.9348 kcal/h

Reaction in the reactor:

NH; + 540, = NO+ 372H0 98%. ......(1)
NH; + % 0 = %N+ 32 H0 2%......... )
3
AH, = 20410 KT a9kl o7 1000500 _ ) 468,748 6885
4  kmol K h h
3
Al = 126810° KT oo K kol kcal

x 0.559 =—84,081.7774 ——
2 kmol kmol h h

Total entering enthalpy = (1,552,830.465 + 538,749.3484) kcal/h
=2,087,555.198 kcal/h
temperature exiting reactor is maintained at 1060°C
Tav2 = 3542.5°C
AHyy =2,549,260.657 kcal/h
Total exiting enthalpy = 2,549,260.657 kcal/h + Qyoss
=2,549,260.657 kcal/h + 53,874.9348 kcal/h
=2,603,135.582 kcal/h
0.9 Qung = 545,177.275 keal > Qung = 572,419.1944 kcal
NG fuel, consist of:

Species Composition
CH, 87.1%
C,Hs 3.41%
C3H;g 1.73%
Na 7.1%
CO, 0.31%
| He 0.35%

From Perry 6™-ed,
e heating value (HV) = 86000 btu/gal
e p 3.4469 Ib/gall



HV = 13870.365 kcal/kg

Heat needed = 572,419.1944 kcal

Reaction : CH4 + 20, & CO, + 2H,0O
C:Hg +7/20,2> 2C0O,+ 3 Hy,0O
C3Hg+2 0, 2 3 CO;+4 H,O

Fuel needed = a kg

CHs = 87.1%xa/16=0.0544a

CHe = 3.41% x a/30=0.0011367a

CsHzy = 1.73% x a/44 = 0.0003932a

N, = 7.1%xa/28 =0.002536a
CO, = 0.31% x a/44 = 0.00004076a
He = 0.35% x a/4=0.000875a i

From reaction 1,2.3
(; nceded=0.1147a
O, added is 15% excess = 1.15 x 0.1147a kmol = 0.1319a kmol = 4.2226a kg/J
N; flow in = 79/21 x 4.2226a = 0.4392a kmol = 13.8935a kg/J
O, remaining = 0.1319a — 0.1147a = 0.0172a kmol
CO; product = 0.0685 a
H,0 product = 0.1136a kmol
Heat produced:
1. Fuel flow in = 2.7962a kcal
2. Heat flow in = 21.0077a kcal
3. Combustion heat = 86000 btu/gal
p = 3.4469 Ib/gal
HV = 86000/3.4469 = 24949.96 btw/lb x 2.326/1 x 1/4.184 = 13870.3654 kcal/kg

Heat of flue gas flow out:

CO, = 0.0685akmol =3.014akg
H,O = 0.1136a kmol = 2.0448a kg
He = 8.75x10™akmol

0, = 0.0172akmol

N> = 0.4962akmol = 13.8936a kg

Temperature flue fas flow out = 1200°C = 1473 K
Heat flue fas (CO,, H,0, Oz, N2, He) = 6721.2493a kcal



Q loss =20% x 13870.365 = 2774.073a

Heat flow in
Material =
NH; reaction
Fuel

Air

Combustion

Heat flow out

Heat material

Material Q loss

Heat flue gas
Fuel Q loss

528749.3484

1552830.465
2.7962a
21.0077a
13870.365a +

2519260.657
52874.9348
6721.2493a
2774.073a +

2602135.592 + 9495.3223a

2081579.513 + 13894.1689 a = 2602135.592 + 9495.3223a

4398.8466a

Heat flow in:

H material

H NH; reaction

Hair =
H fuel =
H combustion

Heat flow out:

H material
Qloss =
H flue gas

i

1l

520556.079
118.3392

538749.3484 kcal/J
1552830.465 kcal/J

2486.0344 kcal/)
330.9 kcal/J

1641407.898 kcal/J +

3735804.646 kcal/J

2549260.657 kcal/J

391156.584 kcal/J

795387.405 kcal/] +

3735804.646 kcal/J



Tubular Membranes Reactor (R-310)

input kkal/hour output kkal/hour
heat of material 538749.3484 heat of material 2549260.6570
heat of NH3 reaction 1552830.4650/Q loss 391156.5840
heat of air 2486.0344}heat of flue gas 795387.4050
heat of fuel 330.9000
heat of combustion 1641407.8980:

3735804.6460 3735804.6460

Waste Heat Boiler (L-410)

Water (139°C)

—

Tr=25°C

l Nitrous Gas (1060°C)

1.-410

Superheated Steam (200°C)
-

l Nitrous Gas (500°C)

The enthalpy of entering nitrous gas from reactor R-310 = 2,549,260.6570 kcal/h
Tav output of nitrous gas = (500+25)/2 = 262.5 °C

Cp of each component of nitrous gas at Tay 262.5 °C is taken using ChemCAD

The exiting enthalpy of nitrous gas:

H 0, = m.Cp.AT = 705.0432x0.2354x(500-25)
H NO = m.Cp.AT = 815.7529x0.2459x(500-25)

H N; = m.Cp.AT = 5956.9035x0.2543x(500-25)
H H;0 = m.Cp.AT = 904.9752x0.5047x(500-25)

Total

AH of nitrous gas

78834.4054 kcal/h

95281.9781 kcal/h
719549.2660 kcal/h
216951.9671 kcal/h +

1110617.6170 kcal/h

=1,110,617.6170 kcal/h - 2,549,260.6570 kcal/h
=-1,438,643.0400 kcal/h
Therefore, the amount of heat of 1,438,643.0400 kcal/h has to be removed from the
nitrous gas by water. This heat is also used to make the water to be steam.

Then, at the T,, =139°C;
1,438,643.0400 kcal/h = myqter X (hy —hy)
= Muyater X (22818.3639 — 589) ki/kg x 1/4.184 kcal/kJ




mwatef

= 2700 kg/h

Waste Heat Boiler (L-410)

input kkal/hour output kkal/hour
enthalpy of nitrous gas 2549260.6570lenthalpy of nitrous gas 1110617.617(
enthalpy of air 277407.6000,enthalpy of superheated steam 1383249.055(
Q loss 272631.438(
2926668.2570 2926668.257(
Tail Gas Preheater I (E-513)
l Nitrous gas (500°C)
Tailgas (170°C) Tailgas T°C
E-513
I
Nitrous gas (370"C)l

For nitrous gas;

Tin = 500 °C; Tow=370°C
Cp for components at T,y , simulated by ChemCAD as follow,

Compomms T 262.5°C 197.5°C
NO 0.2459 02521
0, 02354 0.2305
N, 0.2543 0.2521
H,0 0.5047 0.5428
NO, 02436 0.2380

Meomponent iS taken from mass balance. ¥’ Mcomponent-CPcomponent. AT 1 calculated by

MATLAB.

AH;,, of nitrous gas = 1110617.6177 kcal/h
AHgy; of nitrous gas = 813875.709 kcal’/h

AH;, of tail gas is taken from Tail Gas Preheater II heat balance= 390035.9594 kcal/h

Qloss = 10%.(AHjq of nitrous gas + AHj, of tail gas)

= 150065.

3576 kcal/h

The NO gas has its 25% reaction here
NO + % 05 & NO; , AH = -13651 kcal/kmole




6.7980 kimoles/h NO x 13651 kcal/kmole = 92799.498 kcal/h

AHj, of nitrous gas + AH;, of tailgas + AHx = Qloss + AHgy of nitrous gas + Ay,
of tail gas

1110617.6177 + 390035.9594 + 92799.498 = 150065.3576 + 813875.709 + AH,y of
tail gas

AH,,; of tail gas = 537365.4320 kcal/h

By trial and error of this equations;

AHout = Y, Meomponent-CPcomponent. AT

It can be found that the AT=310°C

Therefore, T,y of tail gas =310 °C

Tail Gas Preheater 111 (E-513)

Input kkal‘/hour output kkal/hour
enthalpy of nitrous gas 1110617.6177|enthalpy of nitrous gas 813875.7090
heat of reaction 92799.4980|Q loss 149412.4354
enthalpy of tail gas 207236.4610/enthalpy of tail gas 537365.4320
1500653.3760 1500653.5760

Economizer (E-413)

J. Nitrous gas (370°C)
Water (117°C) E _41 1 Water T°C

—b —>

I

Nitrous gas (290°C)

For nitrous gas;

Tin =370 °C; Touwe =290 °C

AHj, of nitrous gas is taken from output of Tail gas Preheater IT1 = 813875.709 kcal/h
AH,, of nitrous gas is taken from input of Tail gas Preheater II = 740910.38 kcal’/h

Qloss = 10%.(AH;, of nitrous gas + AH;, of water)
The NO gas has its 25% reaction here



NO + 2 O; & NO; , AHx = -13651 kcal/kmole

6.7980 kmoles/h NO x 13651 kcal/kmole = 92799.4980 kcal/h

AHj, of nitrous gas + AHj, of water + AH’x = Qloss + AH,y of nitrous gas + AHgy of

water

AHj, of nitrous gas + AHj, of water + AH®, = (0.1x AHj, of nitrous gas + 0.1x AHj,

of water)+ AH,, of nitrous gas + AH,,, of water

0.9x813875.709 + 0.9x 2700x(117-25) +92799.4980=740910.38 + AH,,; of water

2700. Cprout (Tou-25) =307937.2561
AT=114°C
Therefore, Toy of water = 139°C

By trial and error and by the mass of 2700 kg/h of superheated steam wanted to be

produced in waste heat botler; AT= 92°C
Tow=117°C

Economizer (E-413)

input kkal/hour output kkal/hour
enthalpy of nitrous gas 813875.7050jenthalpy of nitrous gas 740910.3800
enthalpy of air 260820ienthalpy of air 329346
heat of reaction 92799.4980| Q foss 97238.8270
1167495.2070 1167495.2070

Tail gas Preheater 11 (E-512)

Nitrous gas (290°C)
Tailgas (80°C) | g-512 Tailgas T°C
> —
|

Nitrous gas (190°C)

For nitrous gas;
Tin =290 °C; Towe= 190 °C
Cp for components at T,y , simulated by ChemCAD as follow,




T | (Tw=290°C) | (Tow=190°C)
Components Ta=157.5°C | Ta= 107.5°C
NO 0.2422 0.2416
0; 0.2277 0.2246
N> 0.2511 0.2505
H,0 1.0415 1.0117
NO> 0.2363 0.2390

Meomponent 15 taken from mass balance. )’ Mcomponen-CPcomponent. AT is calculated by

MATLAB.

AH;j, of nitrous gas = 740910.38 kcal/h

AHgy of nitrous gas = 456441.885 kcal/h

The NO gas has its 25% reaction here
NO +% O, 2 NO, , AH, =-13651 kcal/kmole

6.7980 kmoles/h NO x 13651 kcal/kmole = 92799.498 kcal/n

AHjp of tail gas at 80°C is taken from output of tailgas preheater I heat balance
AHj;, of tailgas = 95066.738 kcal/h
AHjp of nitrous gas + AHj, of tailgas + AH = Qloss + AH,y of nitrous gas + AHoy

of tail gas

740910.38 + 95066.738 + 92799.498 = 82298.7716 + 456441.885 + AH,,, of tail gas
AHgy of tail gas = 390035.9594 kcal/h

By trial and error of this equations;

AHoy, = Z mcomponent-cpcomponent-AT
It can be found that the AT=145°C

Therefore, Toy of tail gas =170 °C

Tail Gas Preheater 11 (E-512)

input kkalhour  |output kkal/hour
cnthalpy of nitrous gas 740910.3800}enthalpy of nitrous gas 456441.8850
enthalpy of tail gas 95066.7380(Q loss 82298.7716
heat of reaction 92799.4980ienthalpy of tail gas 390035.9594
928776.6160 928776.6160




Feed water Preheater (E-411)

Nitrous gas (190°C)
Water (30°C) | g_411 Water T°C
— —
I

Nitrous gas (120°C)

For nitrous gas;

Tin = 190 °C; To= 120 °C

AHj, of nitrous gas is taken from output of Tail gas Preheater IT = 740910.38 kcal/h
Cp for components at T,y , simulated by ChemCAD as follow,

T | (Tout=120°C)
Components Tay= 72.5°C
NO 0.2419

0, 0.2230

N2 0.2505

H,0 1.0029

NO, 0.2479

Meomponent 1S taken from mass balance. Y’ Meomponent-CPcomponent-AT s calculated by
MATLAB.
AHgy of nitrous gas = 263143.331 kcal/h
Qloss = 10%.(AHi, of nitrous gas + AHj, of water)
The NO gas has some of its reaction here
NO + %2 0, = NO; , AH, = -13651 kcal/kmole
6.5261 kmoles/h NO x 13651 kcal/kmole = 89087.7911 kcal/h

AHji, of nitrous gas + AHj, of water + AH, = Qloss + AH,; of nitrous gas + AH of
water
AH;y, of nitrous gas + AH;, of water + AH" = (0.1x AHj, of nitrous gas + 0.1x AHi,

of water)+ AH,y of nitrous gas + AH,,, of water



0.9x45644.1885 + 0.9x m x 0.9999x (30—25) +89087.7911=26314.3331 + AHy, of
water

m. Cprout (Tou-25) = 103853.2277 + 4.49955.m
By trial and error and by the mass of 2700 kg/h of superheated steam wanted to be
produced in waste heat boiler; AT= 92°C

Tow =117 °C

Feed water Preheater (E-411)

input kkal/hour output kkal/hour
enthalpy of nitrous gas 456441.8850enthalpy of nitrous gas 263143.3310
(water 13482.4500|water - 253368
heat of reaction 89087.7911 heat of reaction 42500.7451
559012.0761 559012.0761

Cooler Condenser (E-611)
—>
Nitrous gas

Nitrous gas E-513 29°C
—>

»25°C Cooling water

— Acid condensate

NO; + 1/3 H,O =2 2/3 HNOs; + 1/3 NO
AH,, =-138.476x10° /3 kJ/kmoles x 1 kcal / 4.184 kJ
=-11032.1861 kcal/kmole
NO + 1/2 0, = NO,
AHy =-113.048x10° /2 kJ/kmoles x 1 kcal / 4.184 kJ
= -13509.5602 kcal/kmole
AH1=-11032.1861 kcal/kmole x 13.11 kmoles (reacted NO,) = 144631.9598 kcal/h
AHn2=-13509.5602 kcal/kmole x 4.1515 kmoles (reacted NO) = 56084.9392 kcal/h

+
Total 200716.8990 kcal/h



Enthalpy nitrous gas enters is taken from output of Feed water Preheater (E-411)
AHj, of nitrous gas = 263143.331 kcal/h
AH;, of nitrous gas + AH, total = 463860.23 kcal/h

T | (Tow=30°C)
Components Ta=27.5°C
NO 0.2459
0, 0.2354
N, 0.2543
H,O 0.5047
NO, 0.2436

From mass balance of each component and its Cp, using equation -
AH=m.Cp.AT
AH,, of nitrous gas = 16650.0306 kcal/h

Therefore, to find the flow rate of cooling water

463860.23 = 16650.0306 + 46386.023 (Qloss) + Q absorbed by cooling water

Q =400824.1764 kcal’h

Cooling water at 27°C; A = 2552.63 — 117.43 = 2435.2 kJ/kg = 582.0268 kcal/kg
400824.1764 = m.582.0268 + m. 1. (29-25)

m=683.969 kg/h

Cooler Condenser (E-611)

input kkal/hour output kkalhour

theat of material 263143.331[heat of material 16650.0306

heat of reaction 200716.899Q loss 51820.6742

water 19066.4389|water vapour 4144559641
482926.6689 482926.6689

SCR Reactor (R-510)

Ammonia (331.63 °C)
——* E-513

—»
Tail gas (331.63 °C)
(NO,N029N2902)

( NO,N02 aNH3 :NZ:H20902)

» Reacted tail gas; to atmosphere; T°C



Tin=331.63 °C
Cp for components at Ty = (331.63 °C +25 °C)/2 = 178.315°C, simulated by
ChemCAD as follow,

T | (Tw=331.63°C)
Components Ta= 178.315°C

0, 0.2404

N> 0.2574

NO; 0.2511

NO 0.2494

NH; 0.6417 .

Mgomponent 1S taken from mass balance. 3’ Meomponent.CPeomponent-AT is calculated by
MATLAB.

AH;, = 547661.2680 kcal/h

6NO + 4NH; <2 5N; + 6H,0 AH’y =- 108007 kcal/kmole

6NO, + 8NH; = 7N, + 12H,0 AH’x = - 81602.2 kcal/kmole

-10399.274 kcal/h
-243.4465 kcal/h

0.5777 kmole NO x -108007/6
0.0179 kmole NO, x -81602.2/6

Qloss =10 %. 547661.2680 kcal/h

= 54766.1268 kcal/h
AH;j, + AH’x = Qloss + AHoy
547661.268 + 10642.7206 = 54766.1268 + H out
AHgy = 503537.8618 kcal/h
By trial and error of this equations;
AHout = % Meomponent-CPeomponent. AT
It can be found that the T out = 307 °C
H NO = m.Cp.AT = 0.6000x0.2459x(307-25)
HNO; =m.Cp.AT = 0.4601x0.2511x(307-25)
H NH3 = m.Cp.AT = 0.7493x0.6417x(307-25)
H N; = m.Cp.AT = 6653.1531x0.2574x(307-25)

42,1985 kcal/h
32.5798 kcal/h
135.5929 kcal/h
482931.0934 kcal/h

I

It



H H,0 = m.Cp.AT = 16.6949x0.5008x(307-25) 1510.3937 keal/h
H O, = m.Cp.AT = 281.7852x0.2404x(307-25) 19103.0077 keal/h +
Total AHoy 503754.8659 kcal/h

So, it needs correction of Q loss by this value of AH,,, for Toy = 307 °C
Qloss = 54549.1227 kcal’h
SCR Reactor (R-510)

input kkal/hour output kkal/hour

enthalpy of material 547661.268enthalpy of material 303754.8659

heat of reaction 10642.7206/Q loss 54549.1227
558303.9886 558303.9886




APPENDIX C
EQUIPMENT SPECIFICATION

Ammonia Storage Tank (TT-611)

Function: to storage liquid ammonia
Type: horizontal with elliptical dished head
Consideration: suitable to storage high pressure liquid
Operation condition: T =30°C, P =11 atm
(Perry 7, p2-88)
Ammonia needed = 492.3720 kg/hr
At 1 atmosphere:

S. ammonia liquid = 1.648x10° (Perry 7%, p 2-214)
. 1 1 X
ammonia= —= ——— = 6067961 kg/m”
P S, 1.648x107° 4
p H,O = 995.6470 kg/m” = 62.1181 Ib/ft’ (Perry 7°°, p 2-91)
1 0995 0.005

= ¥ =1.6448x107}
pNH, 6067961 9956470

PNH, =6o7,9833"g/m s =37931908/

For 7 days (108 hours)
492.3720 ;
Viewid = —__x168:136.0539m/
bauid = 07,9833 tank
Vliquid: 80% Viank

Viank = %x 136.0539 = 170.0674m> =103,78087.23in° = 6005.6545 fi*

Assumption: L I.5
D
2
V= L(ﬂl) J
4

170.0674 = lfsz3
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D'=1443577m
D=52458 m=2065271 in=17.2014 ft
L=15x52458="7.8687m

V dished head = 0.000049 D°
= 0.00049 (206.5271)
=431.6455 ft’
V tank =V shell + 2 V dished head
6005.6545 = V shell + 2 x 437.6455
V shell = 5142.3635 fi°

V shell = %D"‘h

51423635 ft’ = %(17.2104)2 xh

h=22.1050 ft
h _ 22.1050 =1.3 (range <2, acceptable)
D 172104

(h-1) 22.1050-1 A
Pridrostatik = 0 % =62.1181x| ————— |=9.1042 psia
bidrostatik = X 04 [ 144 J P

Shell thickness
P design = 1.2 (161.7+9.1042) = 204.965 psia
Construction material: stainless steel AISI-304L with elliptical dished head
F allowable = 18750 Ib/in’ (Brownell & Young, 1959}
g = 85% (double welded)
c=1/81n
PD,

1

2(Fe —0.6P)) e

B 204.965x 206.5271
2% (18750 0.85 - 0.6 x 204,965)

+ 1 =1.4634in =1 1 in
8 2

Head thickness
k=2 (Brownell & Young, p 133)

= %(2+k2)



(2+4):1

o —

PxDxlV
2fe-02P

204,965 x 206.5271 x 1 | :
= +—=14547 =15 1n
2x18750%x085-02%x204965 8§

From table 5.11
sf=31n

Head height = {%} +5f+1

= (—_2065271j +3+1.4547

=56.0865=4.6739f

Spectfication

Material - stainless steel AISI-304L
Capacity 1 6005.6545 ft°
Diameter :17.2104 f
Height of the top 14,6739 ft
Height of the bottom : 4.6739 ft
Shell thickness :1,51n

Top thickness *1.51n
Bottom thickness :1.51n

Total height :31.4528 ft
Amount o1

Ammonia Solution Pump (J-110)

Function: to pump 99.5% ammon:z

Type: centrifugal

Oyortion condition: T =30°C, P=11 atm = 161.7 psia
Length pipe planned = 27 ft = 8.2296 m

Piping planned i1s completed vnth:
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- 2 standard elbow 90°
- 2 gate valve, wide open
- I sudden enlargement

- 1 sudden contraction

AtP=1] atm
Sv NH: liq = 1.648 x 10” m'/kg (Perry 7" ed, p 2-211)

SR B
sv 1.648x10°°

= 606.7961kg/m’
p H,O = 995.68 kg/m’ (Geankoplis 3™ ed, App A2-3, p 855)

i X NH, N XH,0 0995 0.005

- - + =1.6448x10° m'/kg
p NH solution pNH, pH,O 6067961 99568

s NIL, solution = 607.9834 kg/m’ = 37.9567 Ib/ft°
p NH; solution =0.1 Cp = 0.1 x 2.42 = 0.242 Ib ft/hr = 6.7222 x 107 Ib ft/s (kern, fig 14)
Rate NH: solution = 4923720 kg hr — 1088 S e /h- 0 > 1 02 X — 110721 16 hs

Ay
Volumetric rate = w =29.1703 ft'/hr=8.1029 x 10~
379567

Safety factor 20%
Qr=feed=12v=12x(8.1029x 10%)=9.7235 x 10° f*/s =2.7534 x 10™ m’/s
Calculating optimum diameter
Trial = turbulen
Optimum diameter for turbulen pipe can be found from Peter & Timmerhaus, 1991, p
525,eq 15
Opt Diameter = 3.9 (Qx)**’(p NH; solution)*!*
=3.9(Qp)** (37.9567)*¥ = 0.7778 in
Pipe 1 1n schedule 80
From Geankoplis App A.5-1
OD=1315mn
ID=0957in=0.07975 ft=0.0798 ft = 0.0243 m
Inside cross section area = 0.00499 ft’ (A)



: ‘ ) . ’
v = linear velocity = Qe = 2.7235x10 =1.9486ft/s = 0.5939 m/s
A 0.00499

_ 1Dy p NH  solution  0.0798x1.9486x37.9567
u NH | solution 6.7222x10°

Nre =87801.6358 = turbulan

From Geankoplis p 88 for commercial steel
& = equivalent roughness for new pipec =16 x 107 m
ID=09571n=00243 m

e 46x10°
1D 0.0243
For Ng. = 87801.6358; from Geankeoplic £ 22, fi2.10.2 £=0.0044
From Geankoplis p 93, table 2.10-1

Elbow 90° = ke=0.75, % =35

=1.893x107" =0.0019~ 0.002

Gate valve, wide open 2 ky=0.17, % =9

Pipe friction

Sudden contraction (h,)

z 9
c:0'551_ﬁ FL
A1 2a

-0 55(1 ¥O)2 0.5939°
’ 2x1

=0.097 J/kg

Sudden enlargement (hey)

2 2
he. = 14111_ el
‘ A, | 2

2
= (1-0)* 05939 _ 41764 Jkg
2x
Straight pipe (Fy)
2 2
Fi= 4fi‘£v_= 4%0,00645:22960.593%" _, 529T/kg
D 2 0.0243 2
Fitting (h¢)
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2 elbow 90°

— 075 0.5939~

2(amount)= 0.2645 J/kg

2 gate valve, wide open

v
he= kp -
f 1 5

2
17 05939

2=0.0599 J/kg

Total friction

XF =h, + hex + Fy+ hy
=0.097 +0.1764 + 1.529 + (0.2645 + 0.0599)
=2.1268 J/kg=10.7115 ft Ibf/ lbm

Power pump

Bemoulli equation

Av? +£Az+£+ZF:—Ws
2g. g P
2 —
1.9486° 32174 (170 -161.7)144 L0115~ s
2x32174 32174 37.9567
-Ws  =0.059+0+31.4885+0.7115
=32.259 Ibf ft / Ib

Power pump =Ws x Qr x p NH; solution

=322590 x (9.7235 x 107) x 37.9567

=11.9059 Ibf ft /s

=0.0216 HP
Capacity = 9.7235 x 10” ft*/s = 0.7274 US gal/s = 43.6449 US gal /min
Pump cfficicacy 509% {Poter & Timmerhaus, 4™ ed, fig 14-38)

0.0216

BHP (Brake Horse Power) = =0.0433HP

Motor efficiency 81% (Peter & Timmerhaus, 4" ed, fig 14-38)
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0.0433 = 0.0534HP
0.81

Power pump =

Specification
Construction matenal : Carbon Steel SA-240 Grade C
Quantity -2 (1 forreserve)
Ammonia Vaporizer (FE-112)
Function: to vaponze ammonia liquid to ammonia vapor
Assumption: ammonia solution non vaporized = 2% (Ullman)
Calculation:
Rate of ammonia vapor = 1085.5 1b/hr
Ammonia will vaporize isothermally at 100 °F and vapor pressure is 209.4 psia, steam is
used as heater at 85 psig with
H;, = 888.8 Btu/lb
Ts =3278°F
Trer=25°C =298 K
T, =30°C=303K
:=100°F=37.78°C=310.78 K

L
|cp dr =al, -1, )Jrg(i"l2 —T,,fz)+§(r,3 ~T, )+ %(T,“ —7,*)
T

8.45765x 107" (

= 2.01494x10(303 - 298)+ 303° — 298'-’)+

—4.06741x107° (

6
203" _2983)+ 6.60687x10 (

303* - 298*)

=431 .4869 J/mol K

Tsz dr =alr, -7, )+ %(Tf T g(Tj 1)+ %(Tj -1_*)
T..

310.78% - 2987 )+

8.45765x10™"
= 2401494x10(310.78—298)+7—2)<“(

—4.06745x107 (

-6
310,787 - 298° ) 200087x10 ¢

310.78* — 298°)

=1112.9818 J/mol K
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Qin = Qout

7 5 7
m, j(‘p, dl +m, j(‘p: dl =m, _[Q)3 dr
T. T.. 7.
T:'
492.3828x431.4869+98477x11129818 =502.2305 ICp_.’ dr
' T.

i
[Cp,dr = 444.8496
T

5
3

8.45765x10™" (

444.8496 = 2.01494x 10(T; - 298)+ T, 298" )+

—4.06745x107 (.
2 (1)} - 208"

T:=303.1542 K=30.1542°C =86.2776 °F

)+ 6.6068:><106 (T3 4 2984)

Mass Balance

(Hl1:) enthalpy solution at 86.2776 °F; 209 .4 psia = 150 Btu/lb
(Hl;) enthalpy solution at 100 °F; 209.4 psia = 160 Btu/lb

(Hv) enthalpy vapor at 100 °F; 209.4 psia = 630 Btu/lb

Preheat

gp = m; x (Hl; — Hls) = 11072.1 Ib/hr (160-150) = 11072.1 Btu/hr
Vaporization

qv= m; (H, —Hly) = 1085.5 x (630-160) = 5101820 Btu/hr
Ammonia, Q = gp+gqy = (11072.1 + 5101850) = 5112922.1 Btu/hr
Steam, Q = Hy, X Myteam

Mgteam — —(2_: w =5752.61261b/hr
h, 8838

At weighted (subscripts p and v indicate preheating and vaporizing)

_ —_ (Tl-tZ)_(TZ_Il)
(A, = LMID= 1)
In———=£
(Tz_tl)

(327.8-86.2776)—(327.8 — 86)
In (327.8-86.2776)

(327.8-86)
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= 241.6611°F

(A), = LMTD= (7, - (?r (7. -1)

nin=t:)
")
(327.8-100)(327.8-86.2776)
3278-100
3278 86,2776

234.5943 °F

fl

q 1 .
f, _ 110721 = 45.8166Btu/hr °F

(ar), 2416611

g, _ 5101850

= =21747.57 Btu/hr °F
(Ar), 2345943

T ;’ = 21793.3868 Btu/hr °F
t

Weighted At = ¢ o 21129221 =234 609°F

Zi 21793.3868
At

T, and t. = average values of temperature will be satisfactory for preheat zone

to= (100+86.2776) = 93.1386°F

N!'—'

Te=Ty=3278°F

Tral

Assume Up, = 400 Btw/hr ft* °F

Assigned OD =% in, 10 BWG, Pr =1 in square

a=—8 _ SN, hepypp
U, xAt  400x 234,609

a” =0.1963

A=NtxLtxa”

Ne= 2 A8 085,

Lixa" 10x0.1963
Assumption 2 tube passes
Standardization = 32 tube, 2 passes, % in OD, 1 in sq pitch

Moarest count = 26 tubes in a 8 in ID shell



Corrected Up

A=NtxLxa’=26x10x0.1963 =51.038 ft*

Q 51129221

Up= -
AxAr 51.038x234 609

= 427.003 Btu/hr ft° °F

Hot Fluid = tube side, steam

Cold Fluid = shell side, ammonia

Flow area, a’t=0.182in”> Kem, table 10

Nixa't  26x0.182 )
g, =Xl <X ~ 001641
144n  144x2

Mass velocity

_m_ 57526126
a, 0.0164

At Ts =3278 °F

Gt =350769.061

u=0.015 cp =0.0363 1b/ft hr fig
15
D =04821n=0.0402 ft table 10
Re, Dx Gt

M
Re, = 0_0402M =388454.9932

hi, for condensing steam

= 1500 Btu/hr ft° °F
_ hia X ha
D th + hO

_ 1500 x252.7778
1500 +252.7778

=216.3233 Btu/hr ft% °F

qn
Ap=—10
U, (At)p

45.8166

=" —02118f"
216.3233

h;, for condensing steam

Bzgzszlﬁin
5 5

¢ =Pr-0D=1-%=025

a :]Dch =8X0'25X1'6:0_0222ft2

© T 144P; 144 x1

mass velocity

Gy _ ™M _ 10855
a, 00222

5

= 48896.3964

Att.=93.1386 °F
w=0.1cp=0.24191 Ib/ft hr

. 0.95

De=222 - 007928 fig 28

Re, = e O
H
0079248963964 | oo 4054
0.24191

H=170 fig 28

Att k=029 table 4

¢p = 1.15 Btw/lb °F fig2

1

k(%]a’ = 0.2860

1
ho= jH[PLY
De\ k

=70 0.286 = 252.7778Btu/hr ft* °F
0.0792




= 1500 Btu/hr ft* °F

Vaporization
h xh At 100 °F
[y = "o
h,+h, 1 0.019 cp = 0.0460 1b/ft hr
_ 1500 8949495 Re - DeGs
1500+ 894 9495 ° 7.
=560.523
Re. - 0.0792x 488963964 o\ o oy
q, ‘ 0.0460
T U (Ar), jH = 200 fig 28
. At 100 °F
_ 2178757 _ 36 708782
560.523 k=0.0185 table 5
Ac=Ap + Av cp =1.151 Btu/lb °F fig 2
=0.2118 + 38.7987 !
cpH 3
=39.0105 ft* k( Z J =03544
y, — U4 o
AC b~ H __( pu]
_ 217933868 Del &
39.0105 = 894.9495 Btu/hr ft* °F
= 558.6544 Btu/hr fi °F
Ri=Yc"Yp
U.xU,
;- 558.6544 -216.3233
558.6544 x 216.3233
= 0.003 hr ft> °F/Btu
Pressure Drop
For Re, = 388454 9932 Preheat
£=0.000119 fig 26 | Re;= 16008.41054
feomtable 7 cpecific vol of stream at 85 f=0.0019
psig =1360 psia Length of preheat zone
v=03124 ft'/lb LA
Lp= P
1 Ac

§= ——  =0.051
0.3124x62.5




1 f G Ln . 1002118

-2 A » = 0.054 ft
25.22x10" x Dex s x gt 30.0105

> N
_ 1 0.0001 19%(350769.061) x10x 2 o of crosses

2 522x10" «0.0402x00512x1 | 4o 12Lp _12x0054 o

— 1.3628 psi B 1.6
s =061 table 6

APt

Ds = §-=0.6667 ft
12

APs — fGs™ Ds (N+1)
5.22x10" x Dex s x ¢s

_ 0.0019x(48896.3964)" x 0.6667x 1
5.22x10" x0.0792x 0.61x 1

=0.0012

APs

Vaporization

Re,= 8418684

f =0.0014

Length of vaporization zone
Lv=L-Lp=10-0.054 =9946 ft
No of crosses

121y 12x9.946

N+l = 74.595 ~ 75
B 1.6
Mol wt = 17
Density
17 ,
_ ~ 0.5926 Ib/ft
F 5100+ 460) 147
492 209.4
Sou!let lig = 0.61 table 6

Poutlet lig = 0.61 x 62.5 = 38.125 Ib/ft’

m,
62.5
m,

L
P Poutter lig

Soutlct mix —
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502.2305

. 625
4923828 9.8477
05926 38125
=0.0097
Sinlel =0.01
Smean = (061 +§‘0097) = 0.3099

(o fGs* Ds (N +1)
T 5.22x10" x Dex s x ¢s

_ 0.0014x (48896.3964)° x 0.6667 x 75
5.22x10" x0.079° x0.61x1

=0.8422
APs tot = 0.0012 + 0.8422 = 0.8434

Specification

Uec= 5586544
Up=216.3233

Rd calculated = 0.003
AP tube = 1.3628 psi
AP shell = 0.8434 psi

Separator Drum (D-113)

Function: to separate ammonia vapor and liquid from vapoerizer
Type: horizontal cylindrical drum with hemispherical head ends
Operation condition: T =100 °F

P =209.4 psia

Calculation

From mass balance: ammonia vapor = 10855 Ib/hr
ammonia solution = 27.71 Ib/hr +

1113.21 lb/hr
At 100 °F and pressure 209.4 psia from Hougen p 629
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p=12f/b

holding time = 10 mins
L3
Do

Drum vol =1113.21 Ib/hr x 10 mins x gléhr/mins x 1.2 ft'/1b

=222642 ft

Drum vol = shell vol + head vol
22642= "L+ 2x | L7 D3
4 26

T3 2x Ll
4 276

222,642

If

32+ T’
4 6

222.642=09167 n 1D’

ID* = 773089

ID=4261=1.2984m
L=31D=3x12984=3.8952

Drum diameter = 1.2984 m=51.1193 in
Drum length =3.8952 m =153.3580 in
Calculating shell thickness

P =209.4 psia=194.7 psig

P design = 1.2 x 194.7 = 233.64 psig
Planned

Construction material = stainless steel SS
From table 13.1 Brownell and Young

f allowable = 18750 Ib/in*

€ =85%

GO | —

Pri 1
f=——— =
fe-06P 8
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233,645“21 3

H
= +__
18750x0.85-0.6x233.04 8
. 5.
=0.5030in= gm

Calculating head thickness

Planned: construction material: stainless steel SS
elliptical dished head

k =2 (Brownell and Young p 133)

1 2
V=—(2+k
< ( )
1 2
=-(2+2
6( )
=1
rPdv 1
T e s e
2fe-02P 8

_ 233.64x51.1193x1 +l
2x18750x0.85-0.2%x233.64 8

~0.5002 ~ 2in
g
OD=ID+2t=>51.1193 + (2xg) in = 523693 in

From table 5.7, Brownell and Young p 90; OD standard = 54 in, icr = 3 % in,r=48 in

q= D 511193
2

=25.55971n

AB = %D _icr = 25.5597 - 3%=22.3097 in

BC—rvicr—48~3%I44.75 n

b=r—(BC) - (4B)

=48 - /(4475 —(22.3097)}

=9.2077 in



Assigned st =2 1n
Height of head= OA =t +b +sf

§+ 92077 +2

il

11.8327 in
Total length = shell length + 2 height of head + 2 head thickness

=1533580+2x11.8327+2x g

=178.2734 in

Air Filter (FG-212)

Function: to remove dust from inlet air

Type: bag filter

Consideration: suitable for dry dust with minimum size < 1 pm.

Ib

Capacity: 1800
Y fiday

Inlet air from material balance: 8788.7913 kg/hr = 19375.7693 Ib/hr

inletair x 24hr 193757693 x 24

Flow area: =
filter capacity 1800

= 2503436 f1*

Ammonia Gas Filter (FG-115)

Capacity = 400 — 1800 Ib/ft* day

Taken = 1800 {b/ft* day

Inlet ammonia = 480.1119 kg/hr = 1058.4547 1b/hr

inlet ammonia x 24 hour _ 1058.4547x24
filter capacity 1800

Flow area = =14.1127f*

Ammonia + Air Filter (FG-312)

Capacity = 400 — 1800 Ib/ft* day

Taken = 1800 Ib/ft* day

Inlet ammonia + air = 9261.3514 kg/hr = 20417.5753 1b/hr

Flow area = 20H75733x24 _ s 5343 42

1800




Blower (JS-211)

Type: centrifugal

Operation condition: T =32 °C
P =1 atm

air mol wt = 27.17 g/mol

B P molwt ~ 1x28.84

= = -1.1531kg/m"
P RT 0.082 x 305 ¢

Inlet air = 8788.7913 kg/hr = 19375.7693 Ib/hr

Volumetric rate = %= 7621.8813 m’/hr = 4485.9063 ft'/min
From Perry 6™ ed p 6-2

. . A
Compressionratio (r)= —=1.4
1

P1 =1 atm
P>=14atm

kol
0.00436xkx O x P, x(r" —1J

Compresston power = HP =

k-1
Assigned k = 1.41
HP =69136 =7 HP
Specification
Function : to compress air which flows to air filter
Type - centrifugal blower
Air volumetric rate  : 4485.9063 ft*/min
Power :7HP
Quantity 1

Air Compressor (JC-210)
Function: to compress air pressure from 1 atm to 7 atm

Type: centrifugal compressor

Consideration: suitable to handle large volumes of gas and can increase gas

to several hundred kPa.



Inlet pressure: 1 atm = 2116.228 Ibf/f°

Outlet pressure: 7 atm = 14813.596 Ibf/ft°

Pressure ratio: 7/1 =7

Compresser multistage 15 used because pressure ratio > 4 (Ulrich, 1984)
(rp, ) =1, T

{rp,)1=T atm

(rp,1} = 2.65 atm

Compression ratio per stage: = 3 .14

P {(r-D'y
T.=T (P: } T2 = outlet temperature stage 1
1
2 65 (1.395-1)/1.395
T,=305 [TJ Ty = inlet temperature stage 1

=401.9237 K =128.9237°C

Compressor stage 1

_ 3.03x107° xk

H
P k-1

1

(-1} &
1)
X P x4, % Hﬁ] - IJ (Peters & Timmerhause 4%, eq 14-27)

C
k= —tair=1.395
C

Qsm = gas volumetric velocity at inlet condition
p at32°C = 0.0724 1b/fY (Perry 6% table 3-30)
inlet air = 8788.7739 kg/hour = 4460.3432 ft'/min

o= >1<13(;55 jll 393 2116228 4460.3432 Kz'lﬁ](mwws - 1} = 3209821
Motor efficiency = 50% (Peters & Timmerhasuse 4%, p 524)
Motor Hp = 3209821 _ 641.9642h,

Specification:

Pressure ratio =2.65

Motor power = 641.9642 h,
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Material = carbon steel —

Compressor stage 2

Inlet air pressure stage 2 = 2.65 atm = 5608.0042 [bf/ft*

P 1)
T:=Tix ( 2 J
£

= 401.9237x
2.65

(13951171 305
] =611.2396K =338.2396°C

P air at 256.1671 °C = 2.0952 kg/m" = 0.1308 Ib/ft’
Inlet air = 8788.7739 kg/hour = 19375.7309 Ib/hour

Qim - 19375.7309 _ 148132 4992 ft*/hour = 2468.875 ft*/min
0.1308
5 {1.395-1)/1.395
H,= 3.03x10 " x1.395 x 5608.0042 x 2468.875 x L) —11=469.0495
1.395-1 2.65
Motor efficiency = 70% (Peters & Timmerhause, p 524)
469.0495

Specification
Pressure ratio = 2 6415
Motor power = 938.0989 h,,

Material = carbon steel

Ammonia Preheater (E-114)
Heat balance
M ammonia vapor = 480.1119 kg/hr = 1058.4547 Ib/hr
Q=mCp At
=1058.4547 x 0.55 x (491-100)
= 227620.6832 Btu/hr
A steam at 572 °F =1329.1
M steam = 171.2593 Ib/hr



_ (572-491)-(572-100)
At =
h{ 572“491]
572100

=221 84°F

Inner pipe, steam

Cold fluid: annulus, ammonia

38
p= 38115 fi
12
Flow area
mD’
Ap = 2
_ 70.115°
4
= 0.0104 f*
171.2593
Gp = _1TL293 16724
a, 00104
At 572 °F
w=0.02 cpx 2.422 = 0.0484 1b/ft hr
DG
Rep :—_E
7
_ 0.115><16467.24:3912671
0.0484
jH =120

At572°F,c =048,k =0.0248

1 1
cu)i_ (048x0.0484) _ o
k 0.0248

!

h,':]H-k— -C—‘-/-L—l* 31
D\ k

0.0248

=120 0.9785=25.3219
0.115

hi,=h; 2225.3219 @=21.0507
OD 1.66

D;= 220 017251

D;= @ =0.138ft
12
a, = £(D:_"91_)= 0.00826 fi
4
2 2
De = M__) = 00762 ft
1
Ga= 2 10584347 o0 in0157
a, 000826

At 295 5 °F
u=0.015cp

=0015x242

=0.0363
Re, — DeGa

p
_ 0.0762x128142.2155
0.0363
=268992.75

JH =556
At2955°F
c=0.55
k=0.0195

1

[ﬂ]l 1.008
A

1
K, = jH| E 4P
De M\ k
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h 5
U, :Lh“:m_g = 5500'019 1.008x1
h, +h, 0.0762
Rd=0.002 =141 874
}* = 1 + 0.002
U/, 1833
UD =17.682
A= Q
U, At
_ 2276206832 _ 580284
17.682x221.84
Required length = 58,0284 _ 133.41in ft

Hairpin length = 12 ft

12 ft hairpin 1s used in series of 6

The surface actually = 144 x 0.435 = 62.64 ft*

227620,

, = 226206832 o g
62.64x221 84
U:.-U, _1833-1638 _

D

U/,  1833x16.38

0.007

Pressure Drop

Inner pipe, steam

Cold fluid: annulus, ammenia

1

Re, = 39126.71

S =0.00354 2264
DG
H
—0.0035 + 0264
39126.71%%
= 0.0066
s—1

pP=625x1=625

De’ =(D.-Dy)
=(0.1725-0.138)
=0.0345
_D'eGa

o

0.0345 x128142.2155
0.0363

121788.0561

0.264
121788.0561%%

Re'

£ =0.0035+

C-21



414G =0.00543
AF, = S5 L 003 £
2gp~D s =061
00 _ , p=62.5x006] =38125
AFg = M OTL s h
2g p De'
o G
3600 p
_ 1281422155
3600x 38125
=0.934 fps
Fr=3 L af 9B ) oan
2g' 2x322
Apg . (1225 +0.04)38.125 0.335 psi
144 '

Tail gas preheater I (E-511)
Function: to heat tail gas from absorber (T-610)

Type: shell and tube heat exchanger

Ceonsideration: suitable to heat transfer with large capacity
From material balance:

=6939.9597 kg/hr = 15299.7348 Ib/hr
= 8788.87739 kg/hr = 19375.6038 Ib/hr
Q =86623.2341 kkal/hr = 343524.8814 btu/hr
(491-86)—(640.8313-176)

In 49186

640.8313-176
_ 640.8313 - 572.0261 — 0.7645
1756 — 86

_ 176-86
640.8313 - 86

Fr=038

Mass of tail gas

Mass of air

Atpmtp = =4342289 °F

C-22
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At=0.38 x 434.2289 = 347.3831 °F
_ 640.8313+ 491

T =5659157 °F

fo= 170480 giop
2
TrialUD:IO

)
A__ O 3435248814

= - = 9088893 ft°
U, At 10x3473831

Assigned:

OD tube=1in, 10 BWG
ID tube =0.732 in
L=12ft

a”=02618 ft’

A 98.8893
amount of tube = =

a"IL  02618x12

=31.4774 = 32

From Kern table 9 for square pitch:
1.

Pr =1 Zm

N standar = 32 buah

Passes =2

D shell=10in

A=32x12x02618=100.5312 f*

0 343524.8814

(Kern, table 10)

= = =9.8367
Ax At 100.5312 x347.3831
Shell, air Tube, gas
t=0.421
c’=PT—OD:1%-1=% at=04
N, xda't 32x0421 2
t= = =0.0468 ft
B=1IDshell=10 a 144 % n
I 10><lx10 G, = wo_ 15299.7348
_ — =0.1389 ft2 at 0.0468
144x Py 144x1- ~ 326917.1403 Ib/hr f
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Gs = .= 131 °F
W _ =0.034x2.42 = 0.0823 Ib/hr fi
_:193756038:1395043474%4 1 n=0034x242 r
a, 0.1389 4 .ﬂ c=02878
At T, = 5659157 °F k = 0.0369
=0.029%242 = 0.0702 Ib/hr ft (fig.15
i (fig.15) D= 9732 _0oer s
D. = 0.99/12 = 0.0825 (fig 28) 12
c=026 Re,— DO _ 0.061x326917.4103
k = 0.0265 (fig. 3) 7 0.0823
Ro. - DG, _ 0.0825x1395043474 =242300.1656
o 0.0702 L_ 12 967213
= 1639474168 D 0061
Jy =250 (fig 28) | n=490
1 1
1 1 by 5
cu O.26x0.0702]5 _ 08831 (ﬂjB :(02878)(0'0823)3 = 0.8626
k 0.0265 ' k 0.0369
1
] !
AT S L)
¢, \D, Nk #o AP
0.0369
= 8626
:250[0‘0262)0.8831 ="7T70.9156 490 ( 0.061 ](O 86 )
=255.6831
U= ek, 18716709156
* h,+h, 187.16+709156 ho B 1D oo 2319732 15716
¢ ¢ OD 1
=51.4290
_U.—U, _51.4290-9.8367 _ o
UU,  51.4290x9.8367
(Acceptable, because > 0.003)
Pressure drop
Nre, = 97729.5487 Nre, = 242300.1656
£=0.0014 f=0.00013
L 12 Pmolwt _ 7x26.9112
N+l=Zx12=-2x12=144 = = =6.9954
B 10" PES = TRT 0.0821x328
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| pair = 0.2696 Ib/ft’

H
I

|
|

_ 02696
62.5

ID;=101n=038333 fi

3 =0.0043

_ JGID/(N +1)
5.22x10" De s¢,

_ 0.0014x139504.3474° «0.8333x14.4
5.22x10" x 0.0825x 0.0043 x 1

= 1.76535 (acceptable, because < 10 psi)

=0.4368 1b/ft’
43
s = 0.4368 =0.007
625
G L
Apy = /! < mn
522x107 D ¢,

0.00013 % (326917.4103)" x12x 2
5.22x10" x0.061x1

~0.1047 psi

‘)

Y 00014

2g'
an v 2

Ap= Y A% 60014=1.6
s 2g'  0.007

Ap:=0.1047+1.6 =1.7047

(acceptable, because < 2 psi)

Specification:

Shell ID: 10 1n, baffle space = 10 in, passes = 1

Tube OD: 1 in, 10 BWG, L=12 ft, passes=2, Py =1 %in square pitch

Tube amount =32

Uy = 9.8367

U, =51.4290
Ry =0.0822

Ap shell = 1.7655 psi
Ap tube =1.7047 psi

Tail Gas Preheater II (E-512)
Function: to preheat the tail gas

From mass balance:

Mass of tail gas = 15299.7348 Ib/hr
Mass of nitrous gas = 8382.6748 Ib/hr

Q = 294969.2214 kcal/hr = 1169770.072 btu/hr
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(554 —482)-(374-176)
554482
In—— <
374-176

=124.5550

At =

R = 554--374
482-176

= 282176 ¢hos
554-176

Fr=099
At=0099 x 124 555 =123.3095
- 554 +374

=0.5882

T, =464 °F

tnal Up = 20

Q1169770072

= = = =4743228 f°
U,At  20x123.3095

Assigned:

OD tube: I in, 10 BWG
ID tube: 0.732 in
L:12ft

a” =0.2618 ft’

Amount of tube : A 4743228 =150.9845

a'l  02618x12

From Kern table 9, for square pitch
PT =] —}- in
4
Nr standar = 152, passes = 6
Shell ID = 21 % in

A=152x12 % 02618 =477.5232 f’

Q 1169770072

= = =19.866
AAr  477.5232x123.3095

Up
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Shell, nitrous gas Tube, tail gas
= le 10
c’:PT—OD=1;-l:% a’t=10421 (table 10)
= Na't 152x0.421 _0.074] R
51! 144n 144 %6
D shell "4
Bemg 75 748 G= 12299738 50474 1538 Ib/hrft
0.0741
11 .
:IDC'B_212)&_%4'25_01254&2 Att, =329 °F
ST Taap e = 0.0239 x 2.42 = 0.0578 Ib/hr ft
1 144 %1~
4 c=026
G, 83826748 §21§Z48 = 668474864 Ib/hr ft | K = 0.0265
a, :
p=2732_4061 ft
At T, = 464 °F 12
i =0026 » 2.42 =0.0629 Ro DG, 0.061x206474.1538
. 0.0578
D.= 2% 00825 g
12 =217905.1433
c=026
Lo 12 667213
k = 0.0265 D 006l
Re. — D,G, 0.0825x 66847.4864 Ja =480
o 0.0629 1 600
cp 3 0.26x0.0578
_ L= = = 0.8277
= 87677.5458 ( kj [ 0.0578
jH = 170 .
i i [k Yeu)3
i — hlLJH - —_
) _(026x0.0629Y:_ oo, [DJJ( A ]
k 0.0265
| = 80><[002615]><0.8277= 172.5958
ho= JH[;J[%]
’ hie= hi x %:172.5958x071l—
0.0265
=170 - 0.8517
[00825} 85 126.3401
=46.4914
U= hoxh, _1263401x46.4914
* h,+h, 1263401+46.4914
=33.9853
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u,-u
Re= ——L=0.0209

¢ D

(acceptable, because > 0.003)

Pressure Drop

Nre, = 87677.5458 Nre, = 217905.1433
f=0.0014 (fig29) | f=0.00011
N+ = L2212 00 338804 Peas = P BM _ 7x269112
B 425 RT  0.0821x438
BM = 52386 kg/m’ = 0.3271 Ib/ft’
Pnitrous gas = Px
RT 0.3271 =
7268 s = =5.2336 x 10
= X289 4 4746 kg
0.082x 513 - fG2Ln

=0.2793 Ib/t> P S o 10°D.¢.
s = 0‘2723 =4.4688x10" = 0.106 psi

: = 0.009
[DS:21Zin=1.7708ﬁ 2g

4n v 4x6
2 Apy= ———=——""__ _x0.009
Ap, = stIDs(N+1) =1.9504 P s 2g' 5.2336x10°°
5.22x10" De s,
=1.13757
Apr=0.106 + 1.3757 = 1.4817
(acceptable, because < 2psi)

Specification:

Type: shell and tube heat exchanger

ShellID=1 % baffle space = 4.25 in, passes = 1

Tube OD =1 10 BWG, L = 12 ft, passes =6, Py = 1 %in (square pitch)

Amount of tube = 152
Up = 19.866

Uc =33.9853
Ry=0.0209
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Ap shell = 1.9504
Ap tube = 1.4817

Tail Gas Preheater Il (E-513)
Function: to preheat tail gas

Type: shell and tube heat exchanger

Consideration: suitable to heat transfer with large capacity

From material balance:

Mass of tail gas = 15299.7348 tb/hr
Mass of nitrous gas == 8382.6748 Ib/hr
Q = 146676.5504 kcal/hr

(932 635)— (698 - 482)
At = = 2543501
o [ 932635
698 — 482

R — 532 -698 _
635-482

g_ 635-482
932482

Fr=0.675
At=0.675 x 254.3501 = 171.6863
_ 932+698

1.53

0.437

T. =815°F

(= 0324482 oo s op
2
Trial Up =20

Q  _ 518680.4822

= =169.4021 ft*
Uy xAt 20x171.6863

Assigned:

OD tube =1 in, 10 BWG
ID tube = 0.732 in
L=12ft

a” =0.2618 ft*
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69,402
Amount of tube = A = 169 | _
a'l, 02618x12

From Kern, table 9, for square pitch
p=1Li
4
Nt standard = 56, passes = 2
1.
Shel ID =13—in
4
A =56x12x0.2618 =175.9296 ft’

Up = Qo _ 581680.4822 = 1972579

AAL 175.9296%171.6863

53.9222

Shell, nitrous gas

Tube, tail gas

¢=pr-op=11.,=1
4 4
B =1D shell
ID % c'xs 13-L>< l><13l

a,= =4 4 4 02438

1445, 144x1—

4

W
G = W _B3B26748 e 4077 /e

a, 02438
AtT.=815°F
1=003x242=00726Ibmrft (fig 15)
D. = 0.99/12 = 0.0825 (fig 28)
c=023 (fig 3)
k =0.0265 (table 5)
Re.— DO, _ 0.0825x34383.4077

o 0.0726
= 39072.0542

ju=115 (fig 28)

1 1
(%)3 _(0.23x0.0726)3 _ oo

k 0.0265

a’t=0421 (table 10)

_ N, xa't  56x0.421
144n  144x2

G 152997348
“a, 00819

=0.0819 ft

dy

=186809.9487 Ib/hrft

Att, =558.5°F
nL=0.028 x2.42=0.0678 lb/hr ft
c=026

k = 0.0265
p=272_0061 f
12
Re, = DG, 0.061x186809.9487
u 0.0678
= 168073.8477
L_12 1967213
D 0.061
! 1
(c,ujs 0.26x0.06783
= ==—————| =0.8729
k 0.0265
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i

hoin i (C_/l.]3
D\ k
0.0265

=115x
0.0825

~ hioxho
=

hio+ ho

j x0.8573 =36.9394

=275417

k

o

= 390x
0.061

ho=hi * D
oD

74
k

Ji

0'0265} x(.8729 = 147.8922

=147.8922x 9113_2 = 108.257

<

_ U

—Up _ 27.5417-19.2579

=0.0156

U,

27.5417x19.2579

(acceptable, because > 0.003)

Pressure Drop

Nre, = 39072.0542

£=0.0017 (fig 29)
Ni1= L2212 12-10.8670
13-
4
BM
Phritrous as:Px
rous 8 RT
_ _7x2689 =3.2422 kg/m’
0.082 x 708
=0.2024 b/
g= 0:2024 =0.00324
ID, = 13 in=11042 ¢
4
2
Ap, = JEDN+1) | oes

5.22x10" De s¢,

Nre; = 168073.8477
f=0.00013

XBM: 7x269112
RT  00821x5655

= 4.0574 kg/m® = 0.2533 Ib/ft’

Pgas =

o 0.2533
62.5

S
5.22x10"D.g,

=4.0528

Apl

_ 0.00013x (186809.9487)" x12x 2
5.22x10" x0.061x1

=0.0342 ps1
Y ~0.0045
2g'
Ap =Y AXZ L ggs3

s 2g' 4.0528x10°
Apy = 0.0342 + 0.8883 = 0.9225

(acceptable, because < 2psi)
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Specification:
Type = shell and tube heat exchanger

Shell ID = 10 in, baffle space = 20 in, passes = 2
Tube: OD =1 1n, 10 BWG, L. = 12 ft, passes = 2, Py = 1 % in (sq pitch)

Tube amount = 56

Up =19.2579

U, = 275417

R4 =0.0156

Ap shell = 1.17285 psi
Ap tube = 0.9225 psi

Economizer (E-413)

Function: to cool nitrous gas from tail gas pre heater 3
Type: shell and tube

Calculation

m nitrous = 8382.6478 Ib/hr

m water = 5952.3810 Ib/hr

Q = 72965.3290 ¢ cal/hr = 289361.2349 Btu/hr

(698 —554) - (282.2 - 242.6)

Atovm =

L n( 698 — 554 J
282.2 - 242.6

= 80.8685

_ 698554
282.2-242.6

g 28222426
698 - 242.6

Fr=0.99
At =0.99 x 80.8685 = 80.0598
_ 698+ 554

=3.4091

=0.087

T, =626

f = 282242426, 4

tI'lal UD =15
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O 289361.2349

4= U, Al 15x800598 2409542
Assigned

OD tube =1 in, 10 BWG

ID tube = 0.7320 in

L=121

a” =02618 ft

tube amount = A _ 2409342 =76.6979

a'L 0.2618x12
from Kern, table 9, for sq pitch
PT = 1l n

4
Nt = 70, passes =2
ID shell = 15%

A=76x12x0.2618=2387616

g Q3893612349 oo
AAr 2387616x80.0598
Shell, nitrous gas Tube, water
t=0421
c’=PT—0D=1%—1:~i— at
Nt a't
o Nt _76x0421_
1 144n  144x2
o 15
B=—=—"=305 Gr=2 22992381 (5o 1867
a, 01111
b1
. 15— x—x3.05 Att,=262.4
=2 - 0.0646 —0.17x2.42=04114
144 by 144x1 w= D ixeds =0
0.732
D =22 _0061
Gs =2 83826748 _ 100762 7678 12
a, 0.0646 c=12
Te =626 k = 0.398
i =0.0295 x 2.42 = 0.0714 DxGt
Re, =
i
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76,7867
pe =222 _ 60825 Re, - Q0BT 535767867 o1y sy
12 0.4114
=0.26 )
’ L_ 12 967213
k = 0.0265 D 006l
is iH =30
Re, - De (s
. p | 2
0.0825x129762.7678 (c—#] =(M)’ =1.0745
Re, = -~ 078 1499359712 |\ K 0.398
‘ 0.0714 |
jH =240 h :jH(f"j{w]s
t 1 D k
[%T :(22_(6)%%7_5)3 - 08881 = 30 2398} o745
' 0.061,
k 3 =210.3202
(R e
D ) k b
h, =h, o 153.9544
= 240 29265 ) cse1
0.0825
~ 68.4644
h
U.=—2"2_=516508
hi() a
_Ye=Up _ 40467
U.xU,

Pressure Drop

N Re, = 149935 9712
F=10.0013

N+1 = £“12:_}2___12:472131
B 05

PBM _ 7x26389

p nitrous gas = =
RT  0.082x603

= 3.8068 kg/m’
=0.2376 Ib/ft°

N Re, = 7944.0544
F =0.00015
p water = 6.1609 kg/m® = 0.3844 Ib/ft’

03844
62.5

=6.1504x10°°

fGt*Ln

) = y = 00032
5.22%10" x Ds gt
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|
!

s= 22376 _ 38016107 5‘%:0.001
IDs*lSlm—12708ﬂ ApronY
4 s 2g'
FGsID (N +1
’s = o ( ) = _flx_z_TX 0.001
522x107 xDesgs 61504 x10°°
=5.2079 =1.3007
APt=0.0032 + 1.3007 = 1.3039

Feed Water Preheater (E-411)

Function: Cooling nitrous gas exiting tail gas preheater 2

Type: Shell and tube

Calculation
m, =8382.9748 Ib/hour

nirous gas
m,_,. =5952381ib/hour

water

Q = 766571.0422 Btu/hour
_ (374-248) - (242.6-86)

AT =140.746
LMID n (374 -248)
(242.6 —86)
_374-248 2046
242.6— 86
S= 242.6-86 0.5438
374 - 86
F, =0.83
At =0.83x140.746=116.8192
T. = 374+248 . on
2
42.
(- 242.6+86 0 sop
2
Trial Up =20
7 .
A-_Q 7665710422 3281015

UpAt  20x116.8192
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Assigned:

OD tube =1 1n, 10 BWG
ID tube =0.732 1n
L=12ft

2" = 02618 ft’

A 3281015

tube count = =
a"lL 02618x12

=104.4377

From Table 9 Kern, using square pitch data
Pr=1%1n

Nr standard = 112, passes =2

shell ID = 17% in

A=112x12x0.2618 =351.8592

Q 766571.0422

UD = = :]96496
AAt  351.8592x116.8192
Shell, nitrous gas Tube, water
C=Pr-0D=1%-1=14 a’'t=0421
D ! '
B:I shell:17/t___3.45 a1:Ntxat:112x0,421:0.1637
5 144xn 144x2
ID xC'<xB
a, = DXCB_ 4 os272 G, = W IPIBL_ 303615013
144 x1% a, 0.1637
W 838267
G, == —0808—2748 =101362452210¢
% ' attc=164.3 °F
w=041 x 2.42 = 09922
at Tc=311°F
n=0023 x2.42 =0.0557 = QE =0.061
De=o;9~§=0.0825 c=1
12
k=0.392
C=0.25
K = 00265 Re, ~ DxGi _ 0.061x36361.5211
W 0.9922
i 1l 0.0557 L 12
=150132.896 —=——=196.7213
D 0.061
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JH=250

0.25x0.0557 AO.8069
00265

:250( 0265 )O 8069 = 64.7965

0.0825
_xh
Up = Do Mo ) 4asg
h, +h,
Rd = Ue=Up _ 0.004
U.xUyp

H=5

L L
VE 3
Cu)? _(1x 0.9922) 13628
k 0.392

a(2]2]

=5 —— 0.392 1.3628 = 43.7883
0.061

—h, 1113):437883 0_712432053

0 1

Pressure Drop

NRe, = 150132.896

£=0.0013
N+l=t 12-12 12 s1730
B 3.45
. PxBM  7x26.89
p mitrous gas = =
RxT  0.082x428
~53633-£2 kg -0 334SE
m’ fi?
~ 93398 _ 5 3568x10°
ID,=17%in= 14375 ft
2
1
_ExGIxID, x(N41) e

s

5.22x10" xDe, x ¢,

NRe; = 2235.4896

£=0.0004
p water = 7.1335-5. kg —04453&
m? £t
4
_ 04453 7.1248 x10°
62.5
2
Ap, = —ExGixlxn G h0ag
5.22x10" xD, x @,
Y o001
2g'
AP = my -——4L0.001:1.1228

s 2g 7.1248%107
AP, =1.1228 +0.0039=1.1267

Specification
Type = shell and tube

- shell ID = 17% in, baffle space = 3.45 in, passes = 1
tube OD =1 in 10 BWG, L = 12 ft, passes = 2, Py = 1% in (square pitch)

tube amount= 112
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Up = 19.6496
Ue=45.1473
R4 = 0.0004

AP shell = 0.1861
AP tube = 1.1267

Tubular membrane Reactor (R-310)
Type: tubular reactor
From joumnal catalysis today by Perez-Ramirez, J. and B. Vigeland, 2005:
The membrane that is used 1s lanthanum ferrite perovskite membrane catalyst
p Membrane = 3.8 g/cm’ (envelope density including pores and cavities in the solid)
Total gas flow of 130 ml/min = 130 ml/min x 60 min/hour x 1 L/1000mL = 7.8

L/hour for diameter = 1 cm and thickness = 30 um

/4 >
A= —(0.01)
5 (001)

=7854x10°

Component loading membrane reactor

NH; 4725297
H0O 154.9756

N, 59491279
0, 1806.0416
total 83826480 kg

From Chemcad (program attached), puixed eas = 1.1254 kg/m’
Volume of entering gas = 8382.6748 kg/hour x 1m*/1.1254 kg = 7519.882 m*/hour

= 7519882 L/hour
=2.0899 m’/s

S
|h;

o
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781 7854x10°m’
7519.882 1. A,

A;=757194 m"

75.7194 m” is used to make 1 membrane tube
Tube assumption

Diameter=11in=2.54 cm = 0.0254 m
Height=15m

A= Cylinder peripheral area

A= 7mx0.0254x15=0.1197 m*

757142 _ 6
1497

Amount of tube needed = 326

Assumption: triangular pitch

From Kern table 9 p 842

ID shell =37 in

Standardized amount of tube = 674

Amount of membrane needed

V= 757142 x 30x10"° = 2271.426x10° m*
p Membrane=3.8 gr/cm’ = 3800 kg/m®
2271.426x10° x 3800 = 8.6314 kg

Specification

Tube diameter = 1in=254cm
Amount of tube = 674

ID shell = 37 1n

Pt = 1 i— triangular pitch

Cooler Condenser (E-611)

Function: to condensing the nitrous gas

Mass of inlet nitrous gas = 8382.6748 1b/hr

‘Mass of water = 1497.6459 Ib/hr (from heat balance)
- Q=400824.1764 kcal/hr = 1590572.129 1b/hr
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~_(248-824) -(86-68) .
Atiatp = 1n,248* 82f =66.5103 °F

8668
At = At = 66.5013 °F
Assume, Up = 50

_ 0 _ 1590572129
U, xAf  50x66.5103

= 478.2935 ft°

Assigned:

Tube OD =1 in, 10 BWG
Tube ID = 0.732
L=121ft

a”=02618 ft’

A 4782935

Amount of tube = =
a'l, 02618x12

=152.2452

From Kern table 9, for square pitch
1.
Pr=1—1n
Ty
Nr standard = 166, passes = 2
Shell ID = 21 % in

Correction A = 166x12x0.2618 = 521.5056

Q 1590572129

= =45.857 Btu/lb ft* °F
AAr 521.5056%66.5103

Correction Up =

Shell, nitrous gas Tube, tail gas
c’=PT—OD=1%-] =% a't=0.421 (table 10)
Nat 1
! a= L 100X0A2L g pppg 2
Bzmshen:zlzin | 144n 144x 2
G= =170 _ 617077 1b/me 2
L 50 a, 02427
IDC'B 21— x=x21= t
8= = 44 4 e G
1448, 144x12 V= —~—=0.0275 fps
4 3600p
| Att,=752°F

C-40



5 | H=09x242=2178 Ib/hr ft

G, = Z:%: 13365.23411b/hr 2 | ¥ g '

a R

s D= @% =0061 ft

oo M _ 83826748 12

LxN?  12x166 Re,= PG: _0.061x6170.77

i 2.178
= 2243076 Ib/hr ft*
= 172.8269
As tion: h, = 100 ,
sumption ID tube correction factor = 0.97
ty =ty + hoh (T, -1,) h; =290 % 0.97 =281.3 (fig 25)
io + 7]
=752+ 3055116 100)(167—75.2) oD 1
st = 205.9116 Btu/hr ft* °F
=105.2°F

tr= %(Tv +ta)=%(l67+105.2)=136>1 °F
ke=0.398 (table 4)
sp= 1 (table 6)
ur=0.30 cP (table 14)
From fig 12.9, obtained:
h. = 110 Btu/hr ft* °F
U, = Toxh, 2059116110 _ 71,6981

h,+h  2059116+110
Ry= gi__Uizo_oog

UCUD
Pressure drop
T, =167 °F £=0.003
p =002 x 2.42 = 0.0484 Ib/ft hr 2 ,
Ap = —25; ‘:;0” = 0.00005 psi

D. = 0.99/12 = 0.0825 522x10"D. g,

DG _0.0825 x 13365.2341
P 0.0434

=22781.6490
f=0.0018

Nre, =

(fig 29)

4
Ap, = ll:[ ax 2J(o.om)z 0.008
s 2g' 1

Apr = 0.008+0.00005 = 0.0081
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N+1 = £><12: 7 x12 =6.7765=7
B 1
21—
4

p:28.97[ ! Zj[ﬁﬁ}ﬂozg
22414 \ 1 \ 348

s= 7'1O§8=O.1136

D, = 2125 =1.7708
12

_ 1 fGUD,(N +1)

=0.004 psi
2 522x10° De s¢, P

Absorption Tower (T-610)

From material balance calculation:

Inside diameter of absorber : 1.6m
Plate spacing \ 30 cm
Amount of plate ; 22

Calculating thickness of column

Construction matenal: stainless steel, AISI-304L
P operation =7 atm = 102.9 psi = 88.2 psig

P design=1.2 x 88.2 psig = 105.84

From table 13.1 Brownell & Young:

F allowable = 18750 Ib/in’

Corrosion allowance = %
£ =85%
Pri
ts=—>-""  _+¢
fe-06.rP
105.84x 62.992

1
= + —
18750x0.85-0.6x105.84 8
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=0.2099 = 0.3349 = g n

Calculating thickness of head

Construction material: stainless steel, AISI-304L

Type of head: elliptical dished head

Kvalue =2 {Brownell & Young, p 133)

I
V= — (2+k*
< (21

(2+2%)

_
6
=1

rdv

th=——— 4
2.f&-02.P

_ 105.84x62.992x1
2x18750x0.85— 0.2x105.84

1
+ =

R

3.

=0.2093 =0.3343 = gm

OD=1ID=2ts
3.
= (62.992+ 2x§j n

=63.742 1n
From table 5.7 Brownell & Young, p 90, OD standard = 84 in, r = 84 in, and icr =
5.1251n

ID 62,992
2 2

=31.4961n

D .
AB = o 1Icr=31.496-5125=26371 in

BC=r—-1cr=284-5125=78.875in

B=r—(BC) —(4B) = 84— /(78.875) - (26371} =9.664 in
Height of head:

0A=t+b+§=§+96M+z=12m9m
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Taken sf=2 in

Height of total tray =23 x 30 cm = 690 cm = 6.9 m = 22.6375 ft

Total height of absorber = 22 6375 +

Type of tray: crossflow
Height of weir =2 in

) 3.
Hole size= ——in

16

Specification:
Inside diameter of absorber
Place spacing

Amount of plate
P design

Thickness of shell

Thickness of head

Total height of absorber
Type of tray
Height of weir

Hole size

HNQO; Storage Tank (TT-612)

12.039x2

=24.644 ft

62922 In=16m

30 cm
22

105.84 psia

3.
—in
8

3.

—1mn

24644 £t
crossflow

211

16

Function: to storage corrosive ammonia

Type: horizontal tank with elliptical dished head

Operation condition: T=30°C, P =1 atm
Rate 1n: 2777.7778 kg/hr = 6123.8889 Ib/hr
At 1 atm and 30 °C
Sg = 1.504
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p HNO- = ((le—%j x 62.43 =93 8947 b/t
p H20 = 995.6470 kg/m” = 62.1582 Ib/ft’ (Perry 7%, p 2-214)
1 0.6 0.4

0.0218

= + =
p HNO solution  93.8947 621582
p HNO:; solution 60% = 77.9707 Ib/ft’
planed: storage the product for 1 day

_ 6123.8889

V liq
77.9707

x 24 hr = 1884.9816 f°

V lig = 80% Vol tank

V tank = %x1884.9816ﬁ3

Assumption : —=1.5

V:Lx(ﬂD
4
H

L
D

2356.227 = %rff

D’ =2000.0276 > D= 12.5993 ft = 151.1916 in
L=15x151.1916 =226.7874 in
V dished head = 0.000049 D*
= 0.000049 x (151.1916)
= 169.3476 ft’
V tank = V shell + V dished head
2356.227 = V shell + 169.3476 > V shell = 2186 8794 f°

V shell = %Dzh

2186.8794 = %(12.5993)%

h=17.5405 ft
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B 17.5405

=1.4 (range < 2, acceptable)

D 125993
P hidrostatik = p =1
144
62 1582 117:5405-1)
144
=7.1398 psia

Shell’s thickness
P design =1.2 x (14.7 + 7.1398) = 26.2078 psia
F allowable = 18750 Ib/in°
E = 85% (double welded)
c¢=1/81n
x D,

ts = Z(_F_fgjmT) +c

26.2078x151.1916 1
2(18750% 0.85— 0.6x 26.2078) ' 8
=0.2494 in=0.25 in

Head thickness

pPDV

— ¢
2fc—0.2p

262078 x151.1916 x1 +I
2x18750x0.85-0.2x26.2078 8

=0.2493 in=0.251n
Head depth and tank length
Sf=31n

Head height = (%) +sf +1

= (——151;916)+3 +0.2493
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=4104721n=34206fi
Bottom thickness

1
1= cl)(ﬁwz
1)
!
= 1xI 51.1916x(26'2078]:
18750
=5.6525in
Specification:
Material - stainless steel AISI-304L
Capacity :2536.227
Tank length :12.5993 ft
Total height of tank : 21.4611 ft
Height of top :3.4206 ft
Shell thickness '0251n
Top thickness 10251
Bottom thickness : 6 in
Amount o1

SCR-Reactor (R-510)
Pressure = 7 atm = 102.9 psi
T av operation =319.315 °C

(as input composition:

mol
Gas kg/hour kmol/hour fraction
NH3 7.4864 0.4404 0.0018
NO 179314 0.5977 0.0024
02 281.7852 8.8058 0.0357
NO2 0.8249 0.0179 0.00007
N2 66394147 236.9527 0.96
N204 0.0035 3.8035x10-5 0.0000001
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Total }

246.8145

Reaction
6 NO+4NH3 (5N2+6H20
6 NO2+8 NH3 ( 7N2+12 H20

conversion of reaction = 90%

conversion of reaction = 90%

conversion of reaction 90%

x = l-exp(-k9.ab)

(Carberry, eq. 10-128)

09 = 1-exp(-k9ab)
0.1 = exp{-k9.a0)
In0.1 = -k9a8)

kgab = 23026

-k.gad = 1?)—0'17 (Carberry, p. 586)
n = 29=3

From fig. 15 Kemn:

1t NH; = 0.02x242=0.0484 Ib/hour.ft
uNO = 0.021 x 2.42 = 0.0508 Ib/hour.ft
uQ, = (0.026 x 2.42 =0.0629 Ib/hour.ft
nNO, = 0.025 x 2.42 = 0.0605 Ib/hour ft
U N, = 0.0235 x 2.42 =0.0569 Ib/hour.ft
i N2O4 = 0.023 x2.42=0.0557 Ib/hour.f

1 1 1
1 mixed gas = (0‘04843 x0.001 8] + [0.05083 xo.ooz4J + [0.06293 x0.0357J +

1 1 1
(0.06053 xo<oooo7J + [0.05695):0.96} + [o.ossﬁxo_ooooom}

=0.1114 Ib/hour. ft
From table 3-30, Perry 6°

p NH; = 0.0402 b/
p NO = 0.0837 Ib/ft?
p O, = 0.0892 lb/fi°
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p NO, = 0.1235 Ib/ft’
p N> = 0.0782 Ib/ft’
024 0.

L 00018 00024 00357 000007 L 09600 o0
pmixed 00482 00837 0. 0892 0.1235 0.0782
p mixed = 0 0785 Ib/ft" (at STP)
p mixed at 102.9 psiand 319.315 °C

_0.0785(32+ 460) 102.9
147 (606 767 + 460)
=0.2534 Ib/ft*

V= i 0'1114= 1.4191 ft'/hour

p 00785
Re = dwxg— (Carberry, p.586)
10 =2.5x10 *x—~

1.4191

u = 56764 ft/hour = 946.0667 ft/min

Total gas flow rate = 246.8145 kmol/hour = 9.0687 Ibmol/min

Volume of 1 Ibmol at 102.9 psi and 606.767 °F = Vo [POJ (LJ

P J\To
=350y 14.7 . 606.767 + 460
102.9 32+ 460

=11.199 ft*/Ibmol

Gas flowrate (Q) =  9.0687 Ibmol/min x 111.199 ft*/lbmol
= 1008.43 ft'/min = 60505.8218 f*/hour
S = Q:M:I.%wﬁz
u 9460667
S = 025 xnxD*
1.0659 = 025x3.14xD?
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D = 1.1653 ft = 13.9836 in

Contact time inside the wire gauss

n ) .
6= dw.g.?; where € = void fraction average, taken = 0.5

3
0= 2.5x10*‘xo,5,\-]4l = 26425x101 hour ! = 095135 !

Calculating the thickness of shell
P=102.9 psi = 8.2 psig

Pdesign = 1.2 x 88.2 = 105.84 psig
Construction material: stainless steel 55

Type of head: elliptical dished head

k value=2 (Brownell & Young p 133)
1 ,
vV = —2+k°
s
i
= —2+2°
1o 2)
= 1
th = PdV +1
2fe-02P 8

105.84x13.9836 . 1
2x18750x0.85-02x10584 8

= O.1715inziin
4

OD=ID+2ts= [13.9836+ 2 x%] in =14.4836 in

From table 5.7 Brownell & Young, p 90 taken OD standard =16 in, =15 in, and icr

=1in

.o 1D _13.9836
S =

=6.9918in
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AB = ]f~icr— 6.9918 -1 =59918 in

BC=r—-icr=15-1=141n

S

b = r=J(BC) —(48)

r—J(14) - (5.9918)’
= 2351in

Taken sf=2in

Height of head

OA = t+b+sf

= —1-+2.35 +2
4

= 461n

Calculating height of shell

Wire space =1 in

Wire space from top to bottom=(3-1)x1=2in=0.1667 ft

Height of empty space taken (top + bottom)=1.5+1.5=3 ft

Height of shell =3 +0.1667 =3.1667 ft

Total height = height of shell + 2 x height of head + 2 x thickness of head
= 31667+ 2x%+2x121x4
= 3975 ft

Specification:

Construction material = stainless steel AISI

Capacity = 60505.8218 ft*/hour

Diameter = 1.1653 ft

Total height of tank = 3975ft

Height of top head = 03833 ft
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Height of bottom head = 03833 ft
Thickness of shell = i 1n
Thickness of top head = iin
Thickness of botion head — i— n
Amount = 1

Tail Gas Expansion Turbine (JC-515)
Function: to reduce tai! gas pressure

P input =7 atm

Poutput=1 atm

Mass = 6947.4426 kg/hour = 1. 9298 kg/s
Efficiency assume = 5594

_Pmolwt _ 7x28.1371

P gas =
RT 0.0821x(215.5+273)

= 4911 kg/m’®

sm(p, - p,)_ 0.55%1.9298x(7 -1)10’

Ws = B 2511 =129675.0153 J/s =129.675 kW
Specification

Pin . 7atm

P out . latm

Gasrate 19298 kg/s

Ws o 129.675 kW

Quantity : 1

Steam Turbine (JC-415)

Function: to convert high precaure steam haromaes lowr nrogenre steam en the enerey

produced can be used for compression
Pinput =7 atm
P output=1 atm
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T input = 200 °C

Mass = 2700 kg/hr = 0.75 kg/s

From steam table

Infei euihaipy = 2844 .2 kJ/kg = 082,608 kcal/kg = 1222.79 Btu/lbm
Inlet entropy = 6.8859 kJ/kg K

From moilier diagran

Process occurring is assumed expansion isentropic process for ideal gas
Gutlet ebihalpy = 13045 kl/kg K

Inlet entropy = 6.8859 kJ/kg K

From fig 4-2, Ullrich 1984, the efliciency is estimaied o be 63%. Shafl power is
consequently 1200kW

Ws=m e (h; —hys) =m (h; — hy)

hI 7h2: &
m

ho=hi - ™ = 12442 ki/ke
m

From steam table, at 1 atm, temperature outlet steam = 100 °C
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