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Tuesday, May 4, 2010 Instructor
9:00am - 4:30pm
1.0 Introduction S. de Haan
2.0 Terminology B. Stancato
3.0 Kinetics K. Sundaram
4.0 Radiant Coil System S.de Haan/B. Zhao
5.0 Coil Coking/Feed Contaminants B. Stancato
Wednesday, May 5, 2010
9:00am - 4:30pm
6.0 TLE Design and Fouling F. McCarthy
7.0 Coke Inhibition B. Stancato
8.0 Decoking B. Sullivan
9.0 Burners F. McCarthy
10.0 Start Up and Shutdown B. Sullivan
11.0 Convection Section B. Zhao
Thursday, May 6, 2010
9:00am - 4:30pm
12.0 Control and Instrumentation B. Sullivan
13.0 Trips and Interlocks M. Wiley
14.0 Furnace Modeling CN Kuan/F. Bertola
15.0 Revamps D. de Haan
16.0 NOx Emissions B. Zhao
17.0 Furnace Troubleshooting S. de Haan
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(2). HC & B eng 55 ¢
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Constant feed and severity

(Lines of constant selectivity)
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INCREASING \ \ \
SELECTIVITY

Average Residence Time, secs

0 0.35 0.70 1.05

Average HC Partial Pressure, kgcs(a)
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§ Shorter residence times, at a
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Twisted tape inserts (Sinopec)

Conventional
Mixing element

New slit mixing
element to reduce
pressure drop
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Conventional Tube 1060°C
Stagnant /

0,
film 860°C
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Overall efficiency = 93%

Feed —Z Feed = 6% Heat Loss = 1.5%
5-— BFW BEW = 5% Stack Loss = 5.5%
Dilution &
Steam —_1 ] SSH = 15%
S Steam ( )_' ’
E Effluent
MPH = 27% g
Radiant = 40% Radiant Efficiency = 40%
Fired Duty =100%

(2). & A ¥t &

Gas Feed Liquid Feed
ste'am nution
Steam
Secondary e
BFW TeE | uwe |
o]
—
MPH Radiant
Radiant
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(3).- 4B BAEF 1t

Feed Steam Drum
BFW \
Dilution BFW
Steam
UsSH |
Superheated . Spray
Steam
LSSH TLE's
To Radiant Coil <

From Radiant Coil
4). 2% Bk
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eed
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S—_:WAir 2 ?
Dilution
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Ir QZ Steam } » Effluent
Air ‘_

0,=2.0% —

Air Y < Fuel to Wall

1 1 B Fuel to
t ' ' ' Hearth
Air
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8. frdlfr ik &
FH R APM A L BT
1 echnology
“HANDLES PROCESS TARGETS

CONSTRAINTS

CGC SUC. PR—=COP

|

IAHCPP — SELECTIVITY —=  YIELD

\IART /

DIL. STM.

FEED FLOW PRODUCTION
FUEL FLOW/
coT ==—CONVERSION
DAMPER = EXCESS AIR STEAM
Hiasein i %% 2 PID &4 S 8cd~ 4ok 354 4o

GAIN INTEGRAL DERIVATIVE
Throughput Controller 0.4 3 sec 0
Flows and Heat Duty 0.1 5 sec 0
Steam Drum Level 0.8 4 min 0
Average COT 0.8 3.5 min 0.1 min
Temperature Differential 0.3 2 min 0.1 min
Steam Desuperheat 1.4 4 min 0.1 min
Draft (Firebox Pressure) 0.4 30 sec 0

THIS IS ONLY A GUIDELINE — REMEMBER TO CONVERT UNITS
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1s Technol
'CB&! company Operate safely
Meet emission standards
Protect people

Feed g
and equipment
Dilution
Steam I
Maximize run Control throughput
length/capacity and severity

Minimize maintenance
Avoid unplanned downtime

Maximize

o o tube life
Maximize efficiency
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CFD ( Computational Fluid Dynamics )
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| CB&l company

:-??n CFD Photo
2551 Simulation of

2420
2254 furnace
21410
200
186

172

15810
14410
1300
1160
102 .
CE
740
OO

Hot spots between burners Hot spots between burners

ummus Technology
a CB&l carmpany

270o
o ! -
s Simulation of

2140
2001
186
1721
158
1441

furnace

1301
116
104
BEO
740
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Equipment

Specifications T j Vields
Feedstock

Characteristics - - Heat Balance
Operating gperatmg
Parameters ' arameters

Furnace Status

TS FEYR A L % B

Stack

Steam
Temperature

iluti Generation
Feed Flow and Feed Inlet Temperature  Dilution Steam

/ /“""’ / Yield

Feedstock . Coil Qutlet Pressure T | TLE Outlet
Properties I / (Or TLE OQutlet Crossover é — " Temperature
Pressure) Temperature
- TLE Run
Physical o \\ Indication of TLE . \ Length
Configuration Coking ?ﬂdge Wall TLE Duty
(Coke Thickness) emperature TLE Infet
Temperature
Indication of Cracking Severity Radiant Coil Qutlet
3cot Y / Temperature
Combustion Air f 3 Ethylene Yield EubFired Coil Run
Temperature Icnd‘i‘;ation of Coil 2Conversion D::y ire Length
oxing =Methane-to-Propylene Ratio Coil Pressure
Excess Air (Coke Thickness or Py Firebox Drop
™T) d Temperature

e (55 0 CFD H03) i 49 7800 G min 1) k3R R
2 AR% > 7 ﬁ”i"é"*%'i%agfr"?“;%vﬁ i fod BT AR - A
TMT —fr%;\ SEL LR A ﬁzk”lél‘ % CFD ¥-A)4c™ Bl #r7 o
A Stepwise Approach to a CFD Model of a Cracking Furnace:

Burner Model Firebox Mnd.l

73
*

Lummus ¢ * #F § 5 CFD 3 & s CFD Model % 7 &z & j3
7

=0

Integration of
Process and
Fireside Model

Model
. Yalidation

Process Model
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« Path lines of the fuel coming out of the burners

Fuel directed towards the
furnace wall

i ) P 1A
11. Revamps
VRSN ek ) B 2T Y g ek B frd+ A PASS #> 2 ¥ %%’E* P24
Bfo h S BB 4 il b TR R AU EA BT R
A H o TLE k# A o
Coil Geometry

Fire Box Size Fixes the Tube Length
and Maximum Number of Passes

Coil Support System
oo LHE o Burner Capacity

Draft Limits

Firebox Temp Limits
Steam Drum Capacity
Venturi’s

TLE’s

14 Furnaces

4 Coils Each
Before After
27.4% C2- 29.4% C2-
14-15,000 Kg/hr 16,000 Kg/hr
40-45 Days RL 40-45 Days RL
w3 EI3E 5B0-HRD-06-11
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Berh o B RS R R RAT 0 PV R EE F o0 Preheater o e 3 X
Prehaeter #-3 4 NOX et 3 o

Only practical for high fuel prices

< AIR
|_| Requires ducting to burners
Hearth burners most practical

Feed =

Dilution
Steam

Preheated air increases NOy

—
Steam } »  Effluent

N MMA

IR RTRUE TR T St I o P BT R o o B Y
% Gas Turbine System » % & 4§ Zl 2 % e * X H & % § Jo 8 2
i% j‘r"_' 7 { / [o}

a CB&l comp

Super High Pressure Steam 120 Kg/Cm? 525°C

\ . L L
il ¢ 2 f .

Combustion Air 480°C I
Compressor Distribution Header

] *Energy costs are high
Electrical +Steam and power have
Generator . .
I high value relative to fuel
Turbme
, ] *Generated power can be
sold or used
A""f.'f"t Fuel GAS TURBINE SYSTEM |
]
o

>

Other
b Furnaces

_—_—1
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Heat Balance Comparison
Basis: 750,000 MTA Gas Qil Cracker

Fuel Fired, MM Kcal/Hr

Furnaces
Gas Turbine
Total Fired

40 Bar Steam Export, MT/Hr

Power, KW

+85 = 18100 kW

Power generated at an

efficiency of 61%

Gas Turbine/
Furnace
No Gas Turbine Integration
575 520
- 140
575 660
Base
Base +42800
5700 4925

Specific Energy, Kcal/Kg of C,~

12.

Consequences

1.

2,

3

?’F‘ R A ) L

el g

N IDetected by Pressure

Typical power plant 32 to 38% efficiency

Time delay 0-10 sec

L

Dilution
Steam

Low flow results in

high COT
TLE's do not generate

enough steam to cool

convection section

Rupture a coil due to
high metal temperature

Fuel to Pilot ——*

ID Fan i i+ & 8 -

CB&I company
Causes

1.
2,

Consequences

1. High Box Pressure

2. Substoichiometric
Combustion

3. Flames Escaping the
Heater Box

4, Afterburning

mHEaEL 38
# H 7P

-
N

Loss of Power

Motor Trip Feed —

Dilution
Steam

— BFW

Steam

Fuel to pilot —*

NMMA_

Causes

1. Pump failure

2. XV fails shut

3 Demand exceeds
pump capacity

Effluent
Interlock only
active in Run
mode

Fuel to Wall

) Detected by low motor current

Time delay 0-5 sec

e

Effluent

<+ Fuel to Wall

Fuel to

- 98.10.06

Hearth
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BFW # %7
Causés I

1. BFW Pump

Failure
2. Accidentally shut
valve
3. Control failure
Dilution
Steam
Consequences
1. Loss of level in steam

drum
2. Loss of BFW to TLE’s
3. Eventually overheat

convection section due to
loss of steam generated in

steam drum
High ID fan temperature

P

Fuel to pilot —>

e . . e
AABMR
Causes
1. Loss of BFW
2. Level Control
3. failure
4. BFW preheat
coil rupture
5. TLE tube failure
Dilution
Steam

Consequences

Loss of BFW to TLE’s,
which could lead to
tube failure

Eventually overheat
convection section due
to loss of steam
generated in steam
drum

Quench Fitting ;58 & %

UB&l company
Causes

1. . Quench pump

failure
2. Valve
accidentally
shut Dilution
Steam

3. Plugged filter

Consequences

1. High temperature in the
Gasoline Fractionator

Fuel to pilot — M

Feed ——

P

Detected by flow
Time delay 60 sec

Additional operator actions

may be necessary based

on monitoring level

Effluent

<+ Fuel to Wall

Fuel to

Feed ——

8

Z BFW
>
=

<

Feed —

Hearth

Detected by level

(2 out of 3)

Effluent
Operator Close TLV
and depressurize
Steam drum

Total quench oil failure

detected by high
temperature in
(2 out of 3)

st % @ Effluent

Interlock only
active in Run

mode
Fuel to Wall

Fuel to

Hearth

5B0-HRD-06-11
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R ) -
> N N
3@#" AU B3
Causes —
1. Loss of BFW
supply Feed —Z Detected by temperature
2. Control failure f
3. Control valve —— BFW (2 out of 3)
fails shut Dilution TI
Steam
—
Steam Effluent
Consequences S
1. High temperature in the
lower superheater coil
2. High temperature in
downstream piping Fuel to Wall
Fuel to pilot =—>
1 T 1 _ Fuel to
Hearth
RN s e
Hearth Burner 2L ¢ %71 :
[TR——
Causes — —]
1. Fuel supply
failure Feed —
2, Reduce firing Z
too low [— BFW
3. Control valve Dilution Z
fails shut Steam
=1,
Steam Effluent
Consequences S
1. Burner flameout
2. Explosion if fuel
returns after flameout
I
(cold box) Fuel to Wall

Fuel to pilot =

Pilot 7@ &7 :
Causes

1. Fuel supply

Detected by

pressure
P Fuel to

failure
2. Reduce firing Feed —
too low
3. Regulator
failure Dilution
Steam

Consequences

=y

Pilot flameout
2. Explosion if fuel
returns after flameout

(cold box)
3. Failure to ignite hearth
burner
@)
Fuel to pilot
Detected by
pressure
3
p :98.10.06

— BFW

Hearth

Arch temperature
<
auto-ignition fuel
Action: Full Trip

Effluent
Arch temperature
>
auto-ignition fuel
Action: Trip pilots only
uel to Wall
Fuel to
Hearth

5B0-HRD-06-11
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13. L@ & -
< Severity : Extent of cracking

< Selectivity : Amount of “desired” products per unit of feed
converted

< Yield : Amount of a specific component product (normally
weight %)

< PFO : pyrolysis fuel oll

<>

PGO : pyrolysis gas oill

<>

TMT : Tube Metal Temperature (Usually in reference to the
radiant coil)

SOR : Start of Run
EOR : End of Run
EBP : End Boiling Point
IBP : Initial Boiling Point
DS : dilution steam

S/O : steam to oil (feed) ratio

R T R S

S/HC : steam to hydrocarbon (feed) ratio

FHP : Feed Preheat Coil

UFP & LFP : Upper and Lower FPH
MPH : Mixed Preheat Coill

UMP & LMP : Upper and Lower MPH
DSSH : Dilution Steam Superheater
SSH : Steam Superheat Coils

USSH : Upper Steam Superheater
MSSH : Middle Steam Superheater
LSSH : Lower Steam Superheater
BFW : Boiler Feed Water Coil

R R R S R

F3AELI3E 5B0-HRD-06-11
+ H %2 p :98.10.06 B =0 L 25027



SHP : Super High Pressure ( Steam)

XOT : Process Crossover Temperature

<>
<>
< BWT : Bridgewall Temperature entering convection section
< FGT : Flue Gas Temperature

¢

TLE : Transfer Line Exchanger
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