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ABSTRACT

Furnaces and fired heaters provide the energy associated with running
hydr ocar bon processesand chemical plants. In this project the suitable and best way
to gain high efficiency of the furnace has been determined by manipulating the
parameters that affect in efficiency of the furnace (excess air, pre-heating, stack
temper atur e, and the effect of the presence of the nitrogen to the furnace efficiency).
Aspen exchanger design and rating V8.8 (EDR) was used to design fired heater and
using the results in aspen HYSYS V8.8 todetermine the effect of these parameters
consequently obtaining the best effective way for high efficiency which represent in

reducing the percent of nitrogen.

This project also includes controlling and monitoring three major parameters:
(Fuel gas/ fuel ail pressure, Excess air and Furnace draft fan), and using excel sheets

for estimating the Cost of the furnace.



):
“ Aspen ( : : ,
“ aspen HYSYS e xchanger design and rating v8.8
V8.8

“ excel sheets (



Keywords:
Furnace

Efficiency



List of contents

Dedication I

Acknowledgement 1

v

Abstract Vv
List of contents Vi
List of figures IX
List of tables X

INTRODUCTION

11 Introduction 2
1.2 Problem statement 3

1.3 Cbjectives 3



14 Scope of this study 3

LITERATUREREVIEW

21 Combustion 5
21.1 Flame 5
21.2 Heat transfer means 4

2.1.3 Heating value 7
2.2 Furnace 8
22.1 About furnace 8
221.1 Unitsthat require furnace 8
22.2 Parts of Furnace 8
22.3 Types of furnace 9
224 Names of furnace 12
224.1 Furnace problem 12
22.5 Heat transfer in furnace 13
225.1 Major sections in furnace 13

2.2.6 Furnace efficiency 13



226.1 Excess air 14

METHODOLOGY

3.1 Introduction 19
3.2 Furnace efficiency 19
32.1 Seps of datapreparation 20
3.3 Sack temper ature and excessair 24
34 Aspen HYSYSsimulation 24

34.1 Aspen Exchanger Design and Rating (EDR) 25

3.5 Cost estimation 30
35.1 Cost estimation calculations 31
351.1 Fixed Cost calculations 31
3512 Oper ationCost estimation 31

RESULTSAND DI SQUSS ONS

4.1 Results 33

41.1 Excel results 33



41.1.1 Furnace efficiency result 33

411.2 Effect of stack temperature and excessair on ther mal 36
efficiency

41.2 Aspen HYSYSsimulation results 40

412.1 Effect of pre-heated air on ther mal efficiency 40

412.2 Effect of nitrogen to oxygen ratio in furnace thermal 40
efficiency

41.3 Cost estimation result 41

4.2 Discussions 42

42.1 Furnace control 43

CONQULUS ONSAND RECOMUNDATIONS

51 Conclusions 49

52 Recommendations 49




4-4

4-5

4-6

List of Tables

The effect of fuel component in the flame

Combustion wor ksheet
Combustion reaction
EDRdata
Inlet stream parameter
Cost estimation date

Abbreviation of Balance draft control

16

33

36

39

41

45



2-1

2-2

List of Figures

Firetriangle
Effect of fuel component in flame
Parts of furnace

Induced dr aft furnace

Balanced dr aft fur nace

Natur al dr aft furnace

For ced dr aft furnace

Excess air and efficiency relationship



2-9 Combustion efficiency asfunction of excessair and stack 1

temperature )

2-10 Excessair in relation with flue gas 1
5

2-11 Effect of excessair on volumetric aver age temper ature 1
and efficiency of the furnace 6

2-12 Effect of pre-heated air in volumetric average 1
temperatureand efficiency of the furnace 7

3-1 Component given data 2
0

3-2 Weight calculation 2
0

3-3 Heating value calculation 2
1

3-4 Soichiometric oxygen calculation 2
1

3-5 Amount of (Q0;, HO, SO, )calculation 2
1

Description

3.6 Figure (3-6): Relation between excessair % and oxygen% 2

in flue gas 2



3-7

3-8

3-9

3-10

3-11

3-12

3-13

3-14

3-15

3-16

4-1

4-2

Sack loses calculation

Headings/ remar ks data

Process data

Srream 1 propertiesdata

Fuel data

Oxidant data

Firebox data

Convection bank data

Gasflow data

Process flow sheet

Effect of excessair and stack temperatureon efficiency

Effect of preheated air on efficiency



4-5

4-6

4-7

/G ratio

Cost estimation by excel sheet

Conventional fur nace control scheme

Balanced dr aft control scheme

Balanced dr aft fur nace adjustment flowchart















) come into contact with an ignition source and release heat

and light. Furnaces use this principle to provide heat. Complete combustion occurs
when reactants are ignited in the correct proportions. Incomplete combustion
occursin afired furnace when not enough oxygen exists to completely convert all of

the fuel to water and carbon dioxide [2].

Fire Triangle

Figure (2-1): Firetriangle
2.1.1 Flame: -

Is* the visible part of an exother mic reaction between fuel and oxygeri . Flame

Is char acterized by:

l. The emission of light.
1. The prevalence of temperatures higher than 110% C.
1. Oxidation of carbon, hydrogen and Sulphur.

V. The continuation of the initiated reaction.



Figure(2-2): Effect of fuel component in the flame



2.1.2Heat transfer means: -

Conduction: -

The transfer of thermal energyfrom the more energetic particles of a medium
to the adjacent less energeticones. It was stated that conduction can take place in

liquids and gasesas well as solids provided that thereisno bulk motion involved [4].

Convection: -

Heat transfer by convection is attributable to macr oscopic motion of afluid and
IS thus confined to liquids and gasesConvection was considered only insofar as it

related to the boundary conditionsimposed on a conduction problem [14].

Radiation: -



or Mj/kg are traditionally used to quantify
maximum amount of heat that can be generated by combustion with air at standard
condition (SIP) (25C°and 1013kpa). The amount of heat release from combustion of
the fuel will depend on the phase of water in the product. If water isin gas phasein

the product, the value of total heat denoted asthelower heatingvalue (LHV).

2.2Furnace: -

2.2.1 About furnace: -

Furnaceis A process heater isa direct-fired heat exchanger that usesthe hot gasesof
combustion to raise the temperature of afeed flowing through coils of tubes aligned
throughout the furnace. Depending on the use, these ar e also called furnaces or fired
heaters. Or (it is device used to heat up chemical or chemical mixture, fired haters
transfer heat generated by the combustion of natural gas, ethane, propane or fuel
gas).

Fired heaterstransfer heat directly from aflame to a processfluid that usually
flows through a set of tubes. Process heaters are used throughout the hydrocarbon
and chemical processing industries in places such as refineries, gas plants,
petrochemicals, chemicals and synthetics, olefins, ammonia and fertilizer plants.
Some plants may have only two or three heaters while larger plants can have more
than fifty [5].

Unit operation that require fur nace: -

-crudedistillation unit (CDU)

-fluidized catalytic cracking unit (FCC)






Figure(2-3): partsof furnace

2.2.3Types of Furnace: -

Furnaces can be classified by severa features:( type of draft, number of

fireboxes, number of passes.)
1-Draft: -

Furnace draft can be natural, forced, induced, or balanced. In a natural-draft
furnace, buoyancy forces induce draft as the hot air rises through the stack and
creates a negative pressure inside the firebox. Forced-draft furnaces use a fan to
push fresh air to burners for combustion Forced draft is used in furnaces that
preheat the combustion air to reduce fuel requirements. In an induced-dr aft furnace,
a fan located below the stack pulls air up through the firebox and out the stack.
Balanced-draft furnaces require two fans: one inducing flow out the stack and one

providing positive pressureto the burners[2].



Figure (2-4): Induced draft furnace

furnace
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Figure (2-6): Natural draft furnace

furnace

Draft System: -

Figure(2-5): Balanced draft

Figure (2-7): For ced dr aft












There is another way to determine total efficiency: by subtracting all losses

from avalue of 100%.

In this calculation, the following losses ar etaken into account: -

. Sack losses.
II. Radiation losses.

[11. Residual losses.

2.2.6.1EXcessair: -

The terms excess air and excess oxygen are commonly used to define combustion.They can beused synonymously but
have different units of measurements. The percentage of excess air is theamount of air above the stoichiometric requirement

for complete combustion. The excess oxygen isthe amount of oxygen in the incoming air not used during combustion and is
related to percentage excess air. For example, 15% excess air equals 3% oxygen while firing natural gas.In theory, to have
the most efficient combustion in any combustion process, the quantity of fuel and air would bein a perfect ratio
to provide perfect combustion with no unused fuel or air. This type of theoretical perfect combustion is called
stoichiometric combustion. In practice, however, for safety and maintenance needs, additional air beyond the
theoretical” perfect ratid needsto beadded to thecombustion process— this isreferred to as* excess air’ .With
boiler combustion, if some excess air is not added to the combustion process, unburned fuel, soot, smoke, and

carbon monoxide exhaust will create additional emissions and surface fouling. From a safety standpoint,



Excess air
increases

Efficiency
decreases

Figure(2-8): Excessair and efficiency relationship
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Figure (2-9): Combustion efficiency asfunction of excessair and stack temperature.

Figure (2-9) Developed predictive tools performance for estimating
combustion efficiency as a function of excess air fraction and stack temperaturerise
in (the mor e stack temper aturerise the more efficiency decr ease as well asthe more

excessair risethe more efficiency decrease) [8].



Figure (2-10): Excessair in relation with flue gas

Figure (2-10)shows the predicted excess air fraction as a function of flue gas

oxygen fraction

The effect of excess air on the efficiency of the furnaceis obtained from equation:
- Q
heater eff|C|ency=Q—+ (2.1)

Q: Absorbed heat flux by all tubes and walls.
L: Lost heat flux at the boiler outlet.

It is apparent that supplying excess air up to 18% provides better situation for
combustion, and improves the efficiency. increasing excess air beyond 18% reduces
the flame temperature, and the furnace efficiency. In addition, increasing the excess

air results in more COand HOevels, both having high emitting power.

Furthermore, too much excessair can cause corrosion in metallic components
exposed to combustion gases. The optimum amount of excess air for combustion is
about 15- 20%. asshown in figure (2-11).



Figure(2-11): Effect of excessair on volumetric average temper atureand efficiency

of the furnace.

Eiliciency (%)

62 . 1150
- - @~ Eficency o 1145
61 1 =cmiflh == Temperatune g -
% Current siuation Z > > e - 1140
60 - »y 1135
#
LA - 1130
59 1 v p
4 .*" 1125
# &
> 4 1120
“ I i
s ; _.-'.
& L
[ ] /' 1115
L "" L 1110
L 1105
56
250 300 350 400 450 500 250

Inlet Temperature (K)

Temperature (K)

Figure(2-12) Effect of preheating on the volumetric aver age temperatureand

efficiency of the furnace.




consumption, and less O,emission from the outlet [9].

Raising the fuel temper atur e causesthe fuel density to decrease. If the fuel flow
rate is maintained unchanged, the fuel flow velocity must be increased. The higher
speed for fuel exiting the burner nozzle shortens the time for the fuel to reach the
burning point so that the flame volume is reduced. when the fuel temperature is
gradually raised from 95Cto 130C, on-site results obtained with a currently
operated full-scale furnace show that the raised fuel temperature causes the
temperature of the furnace convection zone to increase from 674C to 695C , furnace

pressure to rise from -6.8 mmH0O to - 4.3 mmH,O, O, concentration in the flue gasto

drop from 3.2 vol.% to 2.0 vol.%.. Additionally, when the hot gasflow in the furnace
is under higher temperature, the time for the fuel to reach the burning point
becomes shorter so that less fuel is consumed. If the fuel temperature is increased
from 95C to 130C , the fuel consumption isreduced by 85 m3/h[10].






(3.1)

2- Indirect method: -

o (LHV+HarH)- Qs Or

(Cvateety 0% (32)

e= Net ther mal efficiency.

LHV=Lower heating value of fuel (BTU LB).

H,=Heat input in form of sensible heat of air (BTU LB).
H=Heat input in form of sensible heat of fuel (BTULB).
Q=Heat stack losses(BTU LB).

Q=Radiation heat losses (BTU LB).

This resear ch focus on indirect method as a sour ce of high accuracy because all

loses (stack losses, radiation losses) are taken into account.

To determine the efficiency of DCU furnace you must have some infor mation

about the fuel used to supply heat to the furnace. This infor mation includes (volume



Figure(3-1): Component given data

3.2.1 Stepsof data preparation: -

Firstly, the weight for each component must be deter mined.

Weight = (volume fraction * molecular weight).

A
Icnmpunem

C D E

volume.

frac lnet.ualue molecular weaight weight

Figure(3-2): Weight calculation

The next step is to deter mine the heating value for each component.

Heating value = (net. heating value* weight).




Figure(3-3): Heating value calculation
After that the Stoichiometric oxygen of each component must be calculated.

Soichiometric oxygen = (oxygen from combustion reaction *volume fraction).

i, ] C D E i G H

component volume, frac net.wvalue molecular weaight weight  heating value oxygen from combustion reactic sitomitic oxygen
L] L}

1 i gy
i =l .
B

Figure(3-4): Soichiometric oxygen calculation

Finally the amount of (CO,, HO, SO, )has been calculated, by the same

proceduresfollowed to calculate Stoichiometric oxygen above.

B e & E F G H
component volume. frac netvalue molecularwealght welght  heating value oxygen from combustion reactic sitomitic anygen|ca2 h2a 502

Figure(3-5):Amount of (C0,, O, S0,) calculation

S0 the data finally being ready to calculate efficiency. After data preparation

the main body of the resear ch starts right now (deter mined fur nace efficiency).

- Oxygen in flue gas is measured by oxygen analyzer then from figure below excess

air has been estimated.



Figure (3-6): Relation between excessair % and oxygen% in flue gas

-Actual oxygen reguired = Soichiometric oxygen + (excess air * Soichiometric oxygen).
- Actual air required =actual oxygen required *(109 5.
- Estimate stack component (C0,,H0, 0,0, N,).
-Amount of GO, in flue gas = (total formed + GO, reported as fud).
-Amount of HOin flue gas = (total formed + HOreported asfuel) .
-Amount of S0in flue gas = (total formed + SO, reported as fuel).
-Amount of G, in flue gas = (actual O, supplied - actual O, used during combustion).
-Amount of N, in flue gas = (79%o0f moles of air +N, reported as fuel).

-Temperature in the stack is measured and used to calculate enthalpy for stack

component.



)
-First (LHV) wasdetermined: -

_ > heating value
> weight of component of fuel

(33)

-Second stack losseswer e calculated: -

H
1

(amount of stack component *molecular weight).

N
1

(resutt from (1)/ amount of fuel enter the furnace).

@

result from (2) * enthalpy for each stack component).

s

summation of all result in (3).

These summation is equal to stack losses.

C D E F G H
comp mole/hr weight -1 2 3 4

sum(ig:13)

Figure(3-7): Stack losses calculation
-Third radiation losseswer e calculated: -

The radiation heat losses were determined by multiplying heat input fuel
(LHV)by the radiation losses expressed as percentage (radiation heat losses

between 1 to 3 % from chemical and process design hand book).

Ther efor e, radiation heat losses = (1%+3%)/ 2=2% of heat input(LHV).

-Forth sensible heat correction for combustion of air (H) was

calculated: -




/ b of fuel* Qo * (Ti-Ty) (34)
T, = combustion air temperature.

Ty =datum temperature (60°f).

-Ffth sensible heat correction for fuel (H) was calculated: -

H = Gorer *(Tt-Td) (3.5)

Finally calculating the efficiency of the furnace using indirect method for all

datadetermined in the step before.
3.3Stack temperature and excessair: -

After efficiency of furnace has been deter mined, the effect of stack temperature

rise has been examined on fur nace efficiency using excel sheet.

The temperature of stack has been changed then deter mined enthalpy of each
component in flue gas component finally calculate furnace efficiency (follow the

same procedurein 3.2).(11)
3.4Aspen HYSYSSmulation: -

Aspen HYSYS is the market-leading process modeling solution that provide
lar ge economic benefits throughout the process engineering lifecycle. It brings the
power of process simulation and optimization to your desktop, and delivers a
unique combination of modeling technology and ease of use. Aspen HYSYS enables
companies to bringnew plants and design to market faster and optimize production

for greater margins[12].
Aspen HYSYSbenefits: -

1- Improve engineeringdesign and oper ation.
2- Improve energy efficiency.

3- Reducecapital cost.



Figure(3-8): Headings/ Remarks data
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Figure (3-9): Process data




Figure (3-10): Sream 1 properties data

-After that fuel+ oxidant has been opened theses section contain two type of data the

first one is the data about fuel used, this type contains three categories. the data of

each category must be complete.
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Figure (3-12): Oxidant data

The last section is heater geometry this section contains threetype of data. the
first datais firebox this data contains (layout, main tube rows, roof tube rows, tube

details, gas offtake and firebox diagram) data of each one must be entered.



Figure (3-13): Firebox data

-The Second type of data is convection bank, this data contains (layout, tube, fins +

studs, bundle detail, connection diagram).
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Figure (3-15): Gasflow data

Then run the program if no error appear that mean the furnace design is
completely successful. So the furnace design is end the simulation environment has
been entered and the EDR furnace has been imported to show the effect of nitrogen

to oxygen ratio in the thermal efficiency.

The air enter to furnace was separated into two stream. stream one for oxygen
and stream two for nitrogen then the two stream enter mixture. Soread sheet has
been added to calculate the furnace efficiency at different nitrogen to oxygen ratio.

and the simulation environment shown below.



Figure(3-16): Process flow sheet
3.5Cost Estimation: -

Cost estimation isrequired for any industrial process and deter mination of the

necessary investment is an important part of plant design project.
Cost estimation include the deter mination of:

1- Fixed cost (Capital cost, Installation cost, Transportation).

2- Operation cost:
-Utilities (electricity, fuel gas,compressair).
-Operator Labor.
-Maintenance Labor.

-Depreciation.



(3.6)
Installation Cost = 0.4 *capital cost (3.7)
Transportation = 0.05*capital cost (3.8)
3.5.1.20peration cost: -
Depreciation = (capital cost * 0.9) anticipated life (3.9)
Est. Downtime hr =no. days* 24 hr (3.10)
Est. Operating hr =no. days* 24 hr (3.11)
Total Available Hours/ Year = est. downtime + est. operation (3.12)
Operator Labor= hr/furn/yr * price of hr * no.operater (3.13)
Maintenance Labor = hrg/furn/yr * price of hr * no.operater (3.14)
Utilities: -
Hectricity = full load KW * Price of KW (3.15)
Fuel gas = Ib/hr *price of |b (3.16)

Comp air =Ib/hr *price of Ib (3.17)

Annual Furnace Operating Cost =Depreciation+ electricity annual cost +fuel gas annual cost +compressed air
(3.18)

Total cost = operation cost + fixed cost (3.19)









Net heating value

/ hr BTU Lb
Methane 49.67 21500
Hydrogen 948 51600
Ethane 19.57 20420
Ethylene 3.12 20290
Propane 5.11 19930
Propylene 3.09 19690
Butane 1.93 19670
Butylene 0.92 19420
Pentane 0.84 19500
Nitrogen 1.38 0
Car bone monoxide 244 4345
Carbone dioxide 243 0
Hydrogen sulfide 0.0036 6550
Total 99.9836




05
C0+050— Q0 05
CH,+20- Q0+2H0 2
GH+3.50~ 200,+3H0 35
GH+30- 200,+2H0 2
GH+50- 300,+4H,0 5
GH+4.50,- 30C0,+3H,0 4.5
CiHy+650 400,+5H0 6.5
CyH+60 400+4H,0 6
GHp+80,- 5C0:+6H0 8
CeHy +9.50- 600, +7H0 9.5
SO 0, 1
HSH150- 5,+H0 1.5

- From these data the thermal efficiency of DCU furnace in Khartoum

refinery =86.43%.

4.1.1.2 Effect of stack temperature and excess air on thermal

efficiency: -

The effect of stack temperature has been examined and excess air on thermal

efficiency and the results were found as shown in figure below.




Figure (4-1): Effect of excessair and stack temperatureon efficiency



Inlet temperature 270C

Qut let temperature 320C
Inlet vapor mass fraction 3%
Cut let vapor massfraction 40%
Hue gas:-
Inlet temperature to convection section 290C
Ambient temperature 331 C

Injection steam:-

Mass flow rate 360 kg/H
Pressure 2.5 Mpa
Temperature 420 C
Firebox:-

Fire heater type Twin box










3070

Convection bank:-

Process stream in 2 2
bank
Sream inflow Bank?2 Inlet
form
Sream out flow Firebox Bank1
Tube No. used in bank 1 1
Tube alienation in Horizontal Horizontal
bank
Flue gasflow Up Up
direction
Duct width(mm) 1553 1553
Duct other 1553 1553
side(mm)
Tubelength(mm) 15700 15700
Gas flow:-
Sack diameter at bottom 3070
2800

Sack diameter at top




Table (4-4): Inlet stream parameter

ltem Unit Design thermal load
Calculated ther mal load Kw 4755 682 25754
Name Qrude | steam | Heater
feed
Flow Kg/ hr 12301| 9650 | 16229
0 4
Inlet pressure Mpa 0.9 1.25 2.85
Qutlet pressure Mpa 0.57 1.15 0.65
Inlet temperature C 270 191 366
Cutlet temperature C 320 300 500

4.1.2.1 Effect of preheated air on ther mal efficiency: -




Figure(4-2): Effect of preheated airon efficiency

4.1.2.2Effect of nitrogen to oxygen ratio in furnace thermal

efficiency.

The effect of nitrogen to oxygen ratio has been examined in HYSYSsimulation

environment and the result shown in figure below.



Figure(4-3):Effect of No/ Qyratio

4.1.3Cost estimation results:

Table (4-5): Cost estimation data

Capital Cost 1301300 $
Est. Downtime day 30 day
Est. Operating day 335 day

Anticipated life 20 year

Throughput 162300 ton/hr

Electricity full load 20397000 kw
Electricity price 0.13 $/kw hr
Fuel gasfull load 2280.7 lo/hr




Compressed air full load

39630.5 Ib/hr

Compressed air price 0.003%/1b
Number of furnace operator labor hour per year 8760 hr
Price of hour for operator labor 1.3%/hr
Number of operator labor 67 man
Number of furnace maintenance labor hour per year 8760 hr
Price of hour for maintenance labor 1.6$
Number of maintenance labor 19 man




Figure (4-4): Cost estimation by excel sheet

4.2 Discussions: -

The furnace efficiency has been put under light in this research as one of the
important facilitiesin the refinery and for the fact that its consume a huge amount of
fuel so huge amount of cost. The efficiency of DCU furnace in Khartoum refinery has

been calculated usingindirect method.

The results show that furnace efficiency is86.43%. which indicates the furnace






Figure(4-5): Conventional furnace control scheme

A number of modifications can be madeto this scheme. A common variation is

a control scheme where the individual pass outlet temperatures are controlled to

ensure auniform outlet temperatureFig (4-5).

This scheme works fine as long as the service is not fouling. With coking or
fouling services, it does not work satisfactory because it tries to reduce the flow in
the pass that is cooked and the situation becomes even worse. The pass tends to

coke even more at reduced flow.

Fluid flowing through the tubes should have an adequate pressuredrop in the

fired heater to ensure good fluid distribution in amultiple- pass heater .

Firing Controls— Two major parameters that should be controlled and monitored

are.
-Fuel gas/ fuel oil pressure.
-Furnace dr aft.

Fuel Pressure control— One of the simplest schemesfor controlling fuel pressureis
shown in Fig (4-5). The feed output temperature controller provides the set point

for the burner fuel pressurecontroller.



Figure(4-6): Balancedraft control scheme



Cosing the stack damper reduces the furnace draft. To adjust excess air, the
stack damper must be adjusted in conjunction with the air registers. A step-by-step
procedureto adjust the draft and excess air in balance draft furnaces is shown in Fig
(4-6).
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