Estimated equation

107

APPENDIX A

LINEAR REGRESSION ANALYSIS

y = a + bx (1)
- b = slope

a = 1ntercep

X = the numbé%é&ﬂfyear

y ’::izigg demand of nltrogen fertilizer, tons

7

Year No. of Year Dé;énd‘efxrértlllzer X° XY

: ke
1965 1 1 17,917
1966 2 4 69,548
1967 3 9 156,039
1968 4 16 176,025
1969 5 25 228,625
1970 6 36 283,470
1971 7 49 261,016
1972 8 64 501,784
1973 9 81 527,220
1974 10 79,845 100 798,450
1975 11 80,852 121 889,372
1976 12 136,552 144 1,638,624

£X=178 £Y = 695,527 £X°=650 #XY = 5,548,117



1

b = ZXY -GXZY)/N
>xegn)°
N
N = the numb;r of year
by substitution
b = 7092.25

Equation (1) can be rewritten as

Y = 0
by substitution, - \"7{‘422225;
In 1980, the estimated den ogen fErtlllzer
Y = 7 O9&”5 (16)
In 1985, Y = 12 2%3§f<& 7 092.25 (21)
In 1990, ¢ - 10 092 25 (26)

=% \\/«\&_\‘"

108

125,504 tons
160,965 tons
196,426 tons
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Pressure Vessel Design

Use Primary Reformer ) Unit PR-1
No. of Stream[Flow Rate, lb-mole/ Temp., “F  |Density, lblft3
{ ; _hr, :
f f 13 13522 950 0.02
. 14 17517 ; 1450 0.01

Diameter, ft 'fv‘fgg[g N

Height, ft  v;i?€ﬁ§ """ *;/

Design Pressure, péia; h;_;;ﬁsnﬁigwnﬂﬁﬁ :'

Design Temperature,Fﬁ?\\\““lfno”“’///Tiv

Material High-alloy tubes, type 310, 25vCr,20Ni, C0.35-0.45
Shell Thickness, inch ik

Operating Pressure, psia 500

.Operating Temperature, °F 1450

No. of bed in rows, with refractory walls on either side
3

Catalyst Volume 136.42 ft

Catalyst-Type Ni-base catalyst

Catalyst density, lb/ft3




Pressure Vessel Design

Use Methanation

Unit ME

111

_hr,

No. of Stream|Flow Rate, lb-mole/| Temp., F

O Density, lb/ﬁt3

241 13608

25 13351

500 0.024

/580 0.024

- Vessel CQﬁstruction

Diameter, ft 8.2

Height, ft 75

Design Pressure, psia’ _

11— —

Design Temperature, F

720

Stainless Steel

Material

Shell Thickness, inch -

L“"

Operating Pressure, psia

400

Operating Temperature, F

280

No. of bed

1

Catalyst Volume

3000 ft>

Catalyst Type

Ni-base €Catalyst

Catalyst density, lb/ft3
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Pressure Vessel Design

Use High-Temperature Shift Conver-Unit

HTS-1

112

ter

No. of Stream|Flow Rate, lb-mole/| Temp., °F

_hr.

Density, 1b/ft>

151

21

22709

22709

700

780

1.207

1.207

Diameter, ft

" Véssel Construction

/

9,22

Height, ft

102

440

Design Pressure, psid:__

Design Temperature,

Material

i
LR

°F

900

Low alloy Steel, C-0.5 Mo, Cr 1%, Mo}

Shell Thickness, Inch

Operating Pressure, psia

No. of bed

9.5

400

'Operating Temperature, °F

780

1

Catalyst Volume

5100 ft>

Catalyst Type

Cr-oxide promoted Iron oxide

Catalyst density, 1b/ft>




Pressure Vessel Design
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Use Low Templ. Shift Conversion Unit LS-1
No. of Stream|[Flow Rate, lb-mole/| Temp., °F Density, 1b/ft>
_hr,
211 22709 450 0.04
22 22709 /b, 450 0.04
14/ /
_///4 1( :\""’»», .
. /1] =4 . 3
_ yéssg}deﬂgtructioh

Diameter, ft

Height, ft

™~

» 73]
Design Pressure, psig& &40 )

\_4//"
Jﬁ T (o

Design Temperature, F

Material Low alloy Steel

Shell Thickness, inch 4,25
Operating Pressure, psia - 400
Operating Temperature, °F 450
No. of bed 1
Catalyst Volume 6800

Catalyst Type

Cu0/Zinc Oxide

Catalyst density, lblft3




Pressure Vessel Design
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Use Desulfurrisation of NG feed Unit DS-1
T
No. of Stream|Flow Rate, lb-mole/| Temp., °F | Density, 1b/ft>
hr. ‘
NG-feet
v 3005 550 0.045
to 10

Design Pressure, psias

e (
- )
S

Design Temperature, ﬁﬁ ji

.Operating Temperature,

Diameter, ft

/ T\f\? 'fv‘\

Height, ft

[\

j/

550

Material

Carbon Steel

Shell Thickness, inch

3.5"

Operating Pressure, psia

No. of bed

F

550

550

2

Catalyst Volume

650 ft

3

Catalyst fype

Activated Carbon, Cu0 promoted

Catalyst density, lb/ft3

36
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Pressure Vessel Design

use Desulfergisation of Synthesis- ynit DS-2

! Gas
No. of Stream|Flow Rate, lb-mole/| Temp., °F Density, 1b/ft>
Bhr,
21 22709 450 0.044
22 22709 'A) 450 0.044
/{?f/;5'$A .

’//;éséé}fcoﬁskruction
/ b * 4 V‘\

4 /,"' TN ¥ \' S, 4
Diémeter, ft '/v; ,f‘ ?;i
Height, ft ey
Q i : ?)
Design Pressure, psfk:Y\\\::‘J#Kl;,Q
Design Temperature, 6@ 800 by

Material

Carbon-low-Alloy Steel

Shell Thickness, inch

3.25

Operating Pressure, psia -

Operating Temperature, F

No., of bed

400

450

1

Catalyst Volume

750 ft

Catalyst Type

Zn0

Catalyst density, lb/ft3

70
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Pressure Vessel Design

Usé Secondary Reformer . Unit SR-1

O ) 'e s a3
No. of Stream|Flow Rate, lb-mole/| Temp., F | Density, lb/ft’
_hr, .
141 17517 1450 0.037
142 4109 1200 0.08
150 22709 {71750

|
)

,-VésselHCOnstruction

Diémeter, ft / /‘Hr“13f5

Height, ft g

Design Pressure, psié? 5 k550 3
Design Temperature, °EYT\\‘““4———7r97o’/Tff
Material ‘High-alloy tubés
Shell Thickness, inch ' AV
Operating Pressure, psia 500
-Operating Temperature, °F 1750

No. of bed ' 1

Catalyst Volume 230 ft3
Catalyst fype Ni-base Catalyst

Catalyst density, lb/ft3 -




¥

117

Pressure Vessel Design

Use Synthesis Conversion ' Unit 5.1
|
No. of Stream|Flow Rate, lb-mole/ Temp., °F Density, 1b/ft>
hr.,
28 11812.2 360 8.565
30 11812.2 '}, 700 9.485
. N

Diameter, ft

Height, ft RTINS

. By — &)
Design Pressure, psig’ 3300 )/
Design Temperature, opﬂ 980 (J

Material Ferritic Stainless Steel, 26% Cr, 1% Mo

Shell Thickness, inch

Operating Pressure, psia - 3000
Operating Temperature, F 850
No. of bed 1
Catalyst Volume 1700 ft>

Catalyst Type

Catalyst density, lb/ft3
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Flash Drum Specification

Use Separation of Water ' Unit FD-1

‘ Fluid Designation | Flow Rate, 1b-mole/min [Temperature, F Density, lb/ft3
X 231 22709 200 0.037
h | 232 16447 1//7/ 200 0.035
Liquid —8262) —— 200 59.93
. /7 / fi “J
Type Cyclone / /. /) Number used 1
Diameter, ft 7 /8 o 464
Height, ft ﬂ20,4‘f>§

Shape & Figure

zaat 2ol ]| :J.

{

—-—Fluid

u—Sfr—u
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Flash Drum Specification

Use Separation of Water \ Unit FD-2

Fluid Designation [ Flow Rate, lb-mole/min Temperature, F Density, lb/ft3
251 100 °F 0.024
26 100 °F 0.024
Liquid S— 100 °F 61.864
Type Cyclone /' //7&®(! Number used 1

Diameter, ft

Length, ft

Shape & Figure 7yT\\\\\h_____.;//’:£;

1o ff

a5

Bay il Liguid

o206 41
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Flash Drum Specification
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Use Separation of Products ' Unit FD-3
Fluid Designation Flow Rate, 1lb-mole/min |Temperature, Density, 1b/ft3
32 43618 - 10 0.030
33 r\,\3802é§>/ - 10 0.030
Storage .;iszfi 5590 2 - 10 38.50
e o
//‘ s/ Al
Type Cyclone ///‘ ( Number- used

Diameter, ft

Height, ft

Shape & Figure

0 ,f,
S =5
' /?,N;
i 1!
32 r
—_'.,
f
!
Sl
10 &
~+ to storage

To sto rage

rgnfg
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Use

Column Design

Regenerator

Unit R G

No. of Stream |Flow Rate, 1b/min | Temp., °F |Density, 1b/ft>
R-2 73433 ||/}, 250 77.36
R-1 IS o [F—2%0 74.76
/'//, :f S —
c-1 _/28% L IRNSsq 0.102
,//'/‘(
7/ /)] & 3
//<//ﬂ
4 ;/“:
J Column Specifications
C-1 e
ﬁ€~ ————Paraméter———a£7 Top Bottom
R-2 & £
i —_ i
& Liquid Rate, 1b/min 73433 71351
S Vapor Rate, 1b/min 2094 .
b1 Liquid Density, lb/ft3 77.36 74.76
e 3
Vapor Density, 1lb/ft 0.102
_I“;.Slk

122
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Heat Exchanger Specification

Use Heat Recovery , Unit HE-3

6

Duty, BTU/hr 112.64 x 10 - Outside Tube Area, ft° 11800

20

Overall Transfer Coefficiency, BTU/hr-ft“ F, Clean 17.14

Overall Fouling Resistance, l/hf 0.006

"

Corrected Mean Temperature Difference, °F 616

Heat Exchanger Construction

Style Shell & Tube _ ~—— “/Number of Shell 2
Outside Tube Area per Shell, f£2 5900

Number of passes per shell: :Tuée side 1. Shell 1
Design Pressure, psia: Tube Side 550 Shell Side 300
Tube 0D, inch 3/4 Length, ft 25 Gauge -
Tube arrangement, pitch inch .< | 1Mt __ Type Triangular
Shell ID, inch 540 Number oF Jube 1200

Fluid Properties

Characteristics Shell side Tube Side
Fluid designation 150-151 BFW
Flow Rate, lb-mole/hr. 22709 -
Temperature in/out, °F 1750/700 | 200/1000

Density, lb/ft3 ave,

Thermal conductivity, BTU/hr-ft °F
Viscosity, lb/ft-hr

Heat Capacity, BTU/1b °F

BFW = Boiler Feed Water
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Heat Exchanger Specification

Use Cooling’i | 'Unit HE -4
Duty, BTU/hr 33.8 x 106 Outside Tube Area, ft2 4908
 Overall Transfer Coefficiency, BTU/hr-ftzoF, Clean 17 N
Overall Fouling Resistance, 1/hf 0.005
} " Corrected Mean Temperature Difference, °F 434

Heat Exchanger Construction

Style Shell & Tube Z Number ofShell 1
Outside Tube Area per Shelly f£7 4908

Number of passes per shell: Tube sidf 1 Shell 1
Design Pressure, psia: Tube Side ‘ 400 Shell Side 450
Tube 0D, inch 3/4 Lengthy ft 25 Gauge .
Tube arrangement, pitch inch , '\lé Type Triangular
Shell ID, inch 48~ 5 Number of ;Tube 1000

Fluid Properties

Characteristics Shell side Tube Side
Fluid designation BFW 21-211
Flow Rate, lb-mole/hr. ' - 22709
Temperature in/out, °F 100-250 780-450

| : . Density, lb/ft3 ave.

; Thermal conductivity, BTU/hr-ft °F
Viscosity, 1lb/ft-hr

Heat Capacity, BTU/1b °F

BFW = Boiler Feed Water



Heat Exchanger Specification

Use Cooling ' Unit HE-5

125

Duty, BTU/hr  134.33 x 10°

" Outside Tube Area, ft2 2945

Overall Transfer Coefficiency, BTU/hr-ftzoF, Clean 525

Overall Fouling Resistance, 1/hf 0.0003

Corrected Mean Temperature Difference, F 100

Heat Exchanger Construction

Style Shell & Tube ' Number of Shell 1
Outside Tube Area per Sheii;:ft? 2945

Number of passes per shell: /Tube side 1 Shell 1
Design Pressure, psia: Tube/Side ; 450 Shell Side 200
Tube 0D, inch 3/4 Leﬁgth, ft 16! Gauge s
Tube arrangement, pitch inch <. 1 5 Type  Triangular
Shell ID, inch WA — Number_of - Fube 600

Fluid Properties

Thermal conductivity, BTU/hr-ft °F
Viscosity, lb/ft-hr
Heat Capacity, BTU/lb °F

Characteristics Shell side Tube Side
Fluid designation Water 23-231
Flow Rate, 1lb-mole/hr. - 22709
Temperature in/out, °F 100/200 450/200
Density, 1b/ft° ave. 100/350
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Heat Exchanger Specification

Use CoBling ' Unit HE-6

Duty, BTU/hr 15.57 x 10° * Outside Tube. Area, ft° 19630
Overall Transfer Coefficiency, BTU/hr-ft2%F, Clean  10.5
Overall Fouling Resistance, 1/hf 0.006

Corrected Mean Temperature Difference, °F 80

Heat Exchanger CéhStiuction

E——— A —

Style Finned- Tube vgt;ifa Namber 6t Shell 2

Outside Tube Area per Sheii;?éf? A ,:9815

Number of passes per shqll?:'Tubéfsiééf 1 Shell 1

besign Pressure, psia: Tube/SiﬁeV:\:&&D Shell Side 440

Tube 0D, inch 3/4 Leﬁéth!_fff:g 25, Gauge e

Tube arrangement, pitch inch- 3 "”t;" @, Type _ Triangular
'~ Shell ID, inch %%%\ ____ Number of Tube 4000

Fluid Properties

Characteristics Shell side Tube Side
Fluid designation 25/251 24 /241
Flow Rate, lb-mole/hr. ' 13351 13608
Temperature in/out, °F 580/280 500/200

Density, lb/ft3 ave.

Thermal conductivity, BTU/hr-ft °F
Viscosity, lb/ft-hr

Heat Capacity, BTU/1b °F
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Heat Exchanger Specification

Use Heat Exchanger " Unit HE-61

6

Duty, BTU/hr 9.34 x 10 " Qutside Tube Area, ft2 11778

2

Overall Transfer Coefficiency, BTU/hr-ft oF, Clean 19,81

Overall Fouling Resistance, 1/hf 0.004

Corrected Mean Temperature Difference, F 43.28

Heat Exchanger Cdnstruction

Style Shell & Tube 41:{2‘ Number of Shell 2
OQutside Tube Area per Shel},jfﬁz _ 5889
Number of passes per shel¥: /Tlube | side 1= Shell 1
Design Pressure, psia: Tube/ Side S ) Shell Side 200
Tube 0D, inch 3/4 Lengthy ft = 25 Gauge -
Tube arrangement, pitch @nch " Type  Triangular
Shell ID, inch 54 - Number-of ! Tube 1200
- : -
Fluid Properties
Characteristics Shell side Tube Side

Fluid designation Water 25/251

Flow Rate, lb-mole/hr. 13351

Temperature in/out, °F 80/200 100/280

Density, lb/ft3 ave.

Thermal conductivity, BTU/hr-ft °F
Viscosity, 1b/ft-hr

Heat Capacity, BTU/1b °F
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Heat Exchanger Specification

Use | Cool&ng Unit HE-7

Duty, BTU/hr l35.95 X 106 Outside Tube Area, ft2 39260
. Overall Transfer Coefficiency, BTU/hr—ftzoF, Clean 25 d

Overall Fouling Resistance, 1/hf

Corrected Mean Temperature Difference, F 74.56

Heat Exchanggr'CGHg%?;/tion

Style Shell & Tube fzziiég‘ﬁumﬁef'oé;Shell 4

Qutside Tube Area per Sheli;;fggz/‘ 4 75815

Number of passes per shgllyfifdbé;;iqé;. NS Shell 1

Design Pressure, psia: Tubé‘Sidy X 13300 psi Shell Side 100 psi

Tube 0D, inch 3/4" Length;{ft:"f;ZS' Gauge -
) P
Tube arrangement, pitch imch——“~7 /" ym== 5 Type _ Triangular

8 : - %
Shell ID, inch Sk _“;‘_Igﬂﬁfg;jﬁiiﬁbe 2000
- Wi !

Fluid Properties

Characteristics Shell side Tube Side
Fluid designation Water 270-271
Flow Rate, lb-mole/hr. ' 43618
Temperature in/out, °F 80/200 300/100

Density, lb/ft3 ave.

Thermal conductivity, BTU/hr-ft °F
Viscosity, 1b/ft-hr

Heat Capacity, B1U/1b °F
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Heat Exchanger Specification
Use Steam Production Unit HE -8
Duty, BTU/hr ___ 213.2 x 10° ‘Outside Tube Area, ft° 49075
Overall Transfer Coefficiency, BTU/hr-ftZOF, Clean 20.5
Overall Fouling Resistance, 1/hf 0.009
Corrected Mean Temperature Difference, F 250
Heat Exchaqger Coéstrucpion
Style Shell & Tube -~  Number of-Shell 5
Qutside Tube Area per Shelly fﬁgj 9815
/ // /// A ’r
Number of passes per shell: /Jube side 1 Shell 1
Design Pressure, psia: Tube Side 1605 Shell Side 200
Tube 0D, inch _ 3/& Lengthy ft  23' Gauge -
Tube arrangement, pitch inch 3 1 5. Type Triangular
Shell 1D, inch 54 > Number of Tube 5306
Fluid Properties
Characteristics Shell side Tube Side
Fluid designation Flue Gas 11
Flow Rate, lb-mole/hr. - 10522
Temperature in/out, F 750/1000 200/450

Density, 1b/ft> ave.

Thermal conductivity, BTU/hr-ft °F
Viscosity, 1lb/ft-hr

Heat Capacity, BTU/1b °F

BFW = Boiler feed water




|

130

Heat Exchanger Specification

Use Heat ELchanqer | " Unit HE -9

Duty, BTU/hr | 61 x 108 i Outside Tube Area, ftz 19630
Overall Transfer Coefficiency, BTU/hr-ftzoF, Clean 10,5 )
Overall Fouling Resistance, 1/hf 0.012

Corrected Mean Temperature Difference, °F 333

Heat Exchanger Construction

Style Finned Tube~ _ . |Number of Shell >

s é

Qutside Tube Area per Shei;; 7] ad 79815
=4 /] /B
% dl=—=0
Number of passes per shellé,/Tébe\siqe‘ A Shell 1
. / N '\"'\f“'«“V‘:’ (S RN T, S
Design Pressure, psia: TuBefSLge“.1;33po Shell Side 3300
Tube 0D, inch _3/4  Lengthy ft __ 25 Gauge .
pum——d
Tube arrangement, pitch dnch =27 Sy 2. Type Trianqular
== )
Shell ID, inch Sk & - Number ;{Tube 2000
Wil i3
Fluid Properties
Characteristics Shell side Tube Side
Fluid designation 35/36 33/34
Flow Rate, lb-mole/hr. ' 32065 38028
Temperature in/out, °F 300/700 -10/360

Density, 1b/ft> ave.

Thermal conductivity, BTU/hr-ft °F
Viscosity, 1lb/ft-hr

Heat Capacity, BTU/1lb OF
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5 . Heat Exchanger Specification

Use___ Heat Recovery Unit HE 1
Duty, BTU/hr bs.3'x 105 " Outside Tube Area, ft2 7065
Overall Transfer Coefficiency, BfU/hr—ftzoF, Clear 10.5
| Overall Fouling Resistance, 1/hf .003
| Corrected Mean Temperature Difference, °F 393
/ Heat Exchanger Conspruction
Style _ Finned tube ;;5f,' Niber-of Shell 1
Outside Tube Area per She%;;;%fza 77066
~ Number of passes per she111 iT&5éjsiq¢ 1 Shell 1
Design Pressure, psia: Tabe/SLdSICIls60 Shell Side 200
Tube OD, inch 3/4 Leﬁgth,fft>;>16€ Gauge -
Tube arrangement, pitch inch'rlkL;S;;Q%;f Type Trianqular
Shell ID, inch 60 ‘Number of Tube 2250
h‘;ﬁ\i;\iﬂ"ﬁrbpéﬂ"i’cﬁ'v-—j_l
§% Characteristics Shell side | Tube Side
<f Fluid designation ’ Flue Gas 12-13
Flow Rate, 1lb-mole/hr. - 13522
Temperature in/out, °F ‘ 1300/1000 560/950

Density, lb/ft3 ave.

Thermal conductivity, BTU/hr-ft °F
Viscosity, lb/ft-hr

Heat Capacity, BTU/1b °F
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Heat Exchanger Specification
Use Heat decoverv | " Unit HE-2
Duty, BTU/hr 14.756 x 10° * Outside Tube Area, ft° 2945
1 Overall Transfer Coefficiency, BTU/hr ftzoF Clean 10.5
: Overall Fouling Resistance, l/hf 0.017
) | .
f Corrected Mean Temperature Differencg, °F 564
| N\
e . Heat Exchanqér Coﬂgggﬁbtio
Style Finned tube == ‘Number of'Shell 1
Outside Tube Area per Shiii;;;;zj b 29458
Number of passes per she Tube s&?g, S Shell 1
Design Pressure, psia: TubefSLde~A'b : Shell Side 200
Tube OD, inch  3/4 Lengthtyft = __ Gauge :
Tube arrangement, pltch-inch "f'\“iii' »  Type Trianqular
Shell ID, inch Nggggp/Qf1 ube 750
Fluid Properties
: Characteristics Shell side Tube Side
Fluid designation Flue Gas 1£1-142
Flow Rate, 1b-mole/hr. ' - £109
Temperature infout, °F 1300-1500 | 350-1200

Density, lb/ft3 ave.

Thermal conductivity, BTU/hr-ft °F
Viscosity, lb/ft-hr

Heat Capacity, BTU/1b °F
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APPENDIX C
NOMENCLATURE
| cp = heat capacity at constant preszurae, BTU/lb-mole?F
Cy = heat capacity at constant temperature, BTU/lb-moleoF
c ® = corrosion allowance, inch
D = internal diameter, ;n
Di = nominal 1mDeII§r dlamégég/ inch
E = welding joi /;élencv\\\SUally 0.8-0.95
e = density
ey = density of
Hpoly = polytropic
HPg(poly) polytropic L horsey
h;s hy = heat txransfer' r11m c‘o\ef‘f‘lcztent. BTU/hr-£t5-CF
k z spec1f1qﬁ§éat~§§§59___~,,/ﬁm
MW = molecular weight
N, = number of stages
npoly = polytropic efficiencv
P = designed pressure, psi
R = gas constant
r. = ratio of compression
S = allowable working stress, psi
TS = suction temperature, °r
5 = wall thickness, inch
U = maximum impeller tip speed, ft/s
U = Acoustic velocity at inlet, ft/s
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approximate overall efficiency, BTU/hr-ft2-CF

vapor velocity based on net area, ft/s
‘. : :

&
5

weight flow, 1b/min

R BG.OC:
1]

n
YT

average compressibility %

Z, = compr'essi'Lility at suction condition

JWIANTAUNIING 1A Y
= CHULALONGKORN UNIVERSITY
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