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Abstract

Based on the design of boilers in the most optimal operating mode, the percentage of energy losses,
has a strong impact on the efficiency of these equipment. By identifying the sources of energy losses
and finding solutions to reduce fuel consumption and save energy, an important step can be taken to
improve the efficiency of boilers. In this research, the thermal performance and operational efficiency
of the boilers of the Isfahan refinery are studied. The ASME PTC4 is the reference code for boiler
performance testing, which accurately determines the performance of boilers based on their technical
and operating specifications. The sources of heat losses in the boiler assembly are identified and
significant losses are specifically investigated to propose the solution. To reduce the remarkable
losses and increase the boiler efficiency, installing an economizer to use the heat available in the
boiler stack to heat the boiler inlet water, is recommended.
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Fuel Gas N, CcO, H,O SO,
CH, 13.207*%Wt /100 2.744*% Wt /100 2.246*% Wt /100
C,Hs 12.330%% Wt /100 2.927*% Wt /100 1.798*% W't /100
CsHg 12.012*% Wt /100 2.994*% Wt /100 1.634*% W't /100
i-C4Hypp  11.847*% Wt /100 3.029*% Wt /100 1.550*% W't /100
n-C,Hy,  11.847*% Wt /100 3.029*% Wt /100 1.550*% Wt /100
i-CsHp,  11.744*% Wt /100  3.050%% Wt /100 1.498*% Wt /100
n-CsHy,  11.678*% Wt /100 3.050*% Wt /100 1.498*% Wt /100
H,S 4.661*% Wt /100 0.529*% Wt /100 1.880*% W't /100
H, 26.270*% Wt /100 8.937*% Wt /100
0O, -3.310%% Wt /100
N> 1*% Wt /100
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Content Ho (kcal/kg) Hu (kcal/kg)
CH, 13260*% Wt /100 11950*% W't /100
C,Hs 12390*% Wt /100 11340*% Wt /100
CsHs 12030*% Wt /100 11070*% Wt /100

i-C4Hyo 11830*% Wt /100 10930*% Wt /100

n-C4Hyy 11800*% Wt /100 10900*% Wt /100

i-CsHy, 11710*% Wt /100 10830*% Wt /100

n-CsHi, 11710*% Wt /100 10830*% W't /100
H,S 4160*% Wt /100 3840*% Wt /100

H, 33870*% Wt /100 28650*% Wt /100
0, 0 0
N, 0 0

Total (Calculated) Ho Hu
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Item Unit _F_uel Gas Fl_JeI Gas Fl_JeI Gas Fl_JeI Gas !:L_Jel Gas Remark
Firing-100%  Firing-87%  Firing-70%  Firing-65%  Firing-50%
e 1.38 1.38 1.38 133 159 As PerngSr{”ance
(Excess  kg/kg Modified
Air) 1.30 1.30 1.30 1.30 1.40 .
Excess Air
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No. of Cooled Furnace Walls

20. 0
A FURNACE WALL MUST HAVE AT LEAST ONE THIRD ITS
N PROJECTED SURFACE COVERED BY WATER COOLED SURFACE
0.0 \ N, N N BEFORE REDUCTION IN RADIATION LOSS IS PERMITTED
EE ~ 4{,+ AIR THRU COOLED WALLS MUST BE USED FOR COMBUSTION
& N |pu IF REDUCTION IN RADIATION LOSS IS TO BE MADE
)
. 89 N o EXAMPLE . UNIT GUAR. FOR MAX. CONT. OUTPUT OF 400
2 N N \,)A MILLION BTU/HR WITH THREE WATER COOLED
2 o/ O N N WALLS.
s N A% . LOSS AT 400=0.33% LOSS AT 200 = 068%
: Il 4’) T N T T
@ %) 2! XA} 1
° 2.0 1N “o 'Vo' N N L‘] 7
g% TTITLE N7, CANAY AN
w e Seale Correction is for A \ W, IH N 0,
° F1L4 4 Water Walls Only 0, \
e DA Ty NN N NN TN
3., Use Factor Below for N N% A N N
& "EBZHAir Cooled Walls FNA N
£ , = S
g -
3 .6 i N
I N
s T T N
e K N N T 1N N N N
ot The Radiation Loss Values Obtained From This Curve are ~ N 1] N N N
E for a Differential of 50 F Between Surface and Ambient — N
Temperatures and for an Air Velocity of 100 Feet per Minute ] }r N ﬁ e
2 Over the Surface. Any Correction for Other Conditions should RADIATION LOSS AT MAX. CONT. OUTPUT]
be made in with Fig. 3 Page 170 in the 1957 -
Manual of ASTM dords on y Materi
N LLLHRE & 0L LD L bbb i
// 2 3 4 5678900 20 30 40 5060 €0 100 200 300 400 600 80O 1000 2000 4000 6000 10000  20p00
-5 .81 .88 .94 10 Water Wall Factor

) ACTUAL OUTPUT MILLION BTU PER HOUR
87 .90.93 .97 1.0 Air Cooled Wall Factor
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Content %Mol %Wt N2 (kg/kg fuel)  COr (kg/kg fuel)  H20 (kg/kg fuel)

CHg4 70.5 59.5 7.861 1.633 1.337
CaHs 4.3 6.8 0.839 0.199 0.122
CsHs 2.4 5.6 0.669 0.167 0.091
i-CaH10 2.1 6.4 0.761 0.195 0.100
n-CsH1o 3.8 11.6 1.377 0.352 0.180
i-CsHi2 0.2 0.8 0.089 0.023 0.011
n-CsH12 0 0 0 0 0
H2S 0 0 0 0
Ha 11.2 1.2 0.312 0.106
02 0 0 0
N2 55 8.1 0.081
Total 100.00 100.00 11.99 2.57 1.95
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Content Ho kcal/kg Hu kcal/kg
13260*% 11950*%
CHa4 Wt 1100 7,892.1 Wt 1100 7,112.4
12390*% 11340*%
CzHe Wt /100 843.2 Wt 1100 7717
12030*% 11070*%
CsHs Wt /100 670.0 Wt /100 616.5
. 11830*% 10930*%
i-CsHao Wt /100 759.9 Wt /100 702.1
11800*% 10900*%
Nn-C4Hao Wt 1100 1,371.7 Wt 1100 1,267.0
. 11710*% 10830*%
i-CsHa2 Wt /100 88.9 Wt /100 82.3
11710*% 10830*%
nCeH  yyp 1100 0.0 Wt /100 0.0
4160*% 3840%%
H2S Wt 1100 0.0 Wt /100 0.0
33870*% 28650*%%
He Wt /100 4025 Wt /100 3405
(07} 0 0.0 0 0.0
N2 0 0.0 0 0.0
Total-Cal. 12,028.3 Kcallkg Hu  10,892.6 Kcal/kg
Total-Rep. - Kcallkg  Hu 10,894  Kcal/kg
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* Maximum Continuous Rating (MCR)
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Item Boiler Duty Without Eco Unit Fuel Gas Firing-70%
P Superheater Steam Press. barg 42,5
mg Superheater Steam Flow kg/hr 158,900
T, Superheater Steam Terminal Point °C 404

Parum Steam Drum Press. bar (g) 46.0

Tarum Steam Drum Temp. °C 260.1

Ty, Feed Water Flow kg/hr 172,900
Py Feed Water Press. bar (g) 60
Tiw Feed Water Temp. °C 118

Tpg Blow Down Flow ka/hr 14,000

% Blow Down Flow 8.8%

5 Lo 40 a5 & g0l 4 0gh oo oolitul Ol By Lwg sl wdx (55, dlxe sl 358 9o slassls
lge abul, So G5 b g 09h 0 Clas (Fols @ abali ja (B )Bu Kos 4 (29,5 5 (539)9 blE HLad
lise S T 5 Luly 5l o9 el a4y by ye polio ylge oy Jl S0 55, 52 ()l S yb o535
ool p 5 (BLal glgr ws )0 g 1S 0g0 5l 29,5 990 (loo 0gd eoliill Sl aiulre o polie ol 1L
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ltem BoiIeErcoDrl]J(';?/n\i/;gi';hout Unit Fuel GYgi/Eiring-
T, Ambient Temp. °C 21
S
& Excess Air Ratio 1.38
My theo Theoretical Dry Air ka/kg fuel 15.506
my € X Mg theo kg/kg fuel 21.398
M, Moisture in Air ka/kg fuel 0.300
Myoe my +M, ka/kg fuel 21.697
F Fuel ka/kg fuel 1.000
Giot Mgy, +F kg/kg fuel 22.697
Mgy Moisture in Fuel ka/kg fuel 1.947
MpyetM, Moisture in Flue Gas ka/kg fuel 2.247
Gator Grot-Ma-Mpyer kg/kg fuel 20.45
(TyTy) °oC 313.9
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Fuel Gas Firing-

Item Boiler Duty Without Eco Unit 20%
H, Lower Heating Value kcal/kg 10,892.6
L, Dry Gas Loss % 14.14
Ly Fuel Moisture Loss % 2.58
L, Air Moisture Loss % 0.40
L, Unburned Loss % 0.00
L, Radiation Loss -ASME % 0.44
L, Uncounted Loss % 1.00
Lyoe Total Loss % 18.563
Men Boiler Efficiency % 81.44
. kcal/hr 105,413,907
Qo Boiler Duty Net
MW 1225
B Fuel Consumption kg/hr 11,884
m, Air Flow kg/hr 257,842
mg Flue Gas Flow kg/hr 269,726
v, Flue Gas Flow Nm3/hr 217,171

Gyl 00,0 T0 Ly gy oolitl 890 oyl 13STam 1 0l dslins gl lgy clocdl Slyee anglin <l
b aglin o Si3 glom ) o0 Sl Slpne 99 o alamdlo aF aigKilen .ol o0d 7,0 3 JSS o o] ol
el &yl 2l e ol el 1 53 227 gy ol byl s azgi b ol o azgy BB Lo ol b

w3 o il 5 | e e cslboas¥T 5 oud (55,51 B!

0.44

1
0.4
=4

Heat Loss

14.14

= Dry Gas Loss = Fuel Moisture Loss
Air Moisture Loss Radiation Loss
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