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ABSTRACT

The purpose of this research was to design and construct a direct-fired-evaporated
porous- medium boiler without flue gas heat loss. The proposed boiler has concentric double-shells
of which the inner shell is a combustion and mixing chamber, and the outer shell is a boiling
chamber. The outer and inner shell diameters are 0.5 m and 0.35 m, respectively. The height of this
boiler prototype is 0.8 m. It was tested for the steam generation rate of 20 kg/hr under the pressure of
2 bar (gauge).

This research examined the performance and feasibility of the proposed boiler. The
experiment was to compare the performance of the boiler with and without a porous medium, and
that of porous media of 25 kg and 50 kg, respectively.

The results showed that the maximum fuel and air consumption rates were 1.05 m’/hr and
17.5 m’/hr, respectively. The maximum steam power was 12.84 kW, and the highest efficiency of
the boiler was 97.09%. It was also found that the direct feed of steam into the inner combustion and
evaporation chambers did not affect the steady state of the overall temperature profile. It only

resulted in a temporary decrease of temperature and increased the efficiency of steam production.

Keywords: high efficiency boiler, direct-fired-evaporated boiler, porous medium
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1.1) ﬂ'J'ljJWu'lﬁﬁﬂﬂ'ﬂ’lulﬁluﬁlul!ujﬂglmﬂﬁ']ilfﬂ')ﬁ’)uﬁ')ﬂ\1 (Longitudinal

Thickness)
t = P*Ri/(S*E - 0.6*P) + Ca @.1)
t = P*Ro/(S*E - 04*P) +Ca 22)
1.2) anurunsuanudulunuazuso 9d A6 (Circumferential

Thickness)
t = P*Ri/(2S*E - 0.4*P)+ Ca (2.3)
t = P*Ro/(2S*E— 1.6*P)+ Ca (2.4)

1 v o 3 1 Aa 2’./ 9 [ @
2) MIIANUHUTIUNING (HEAD) Auduniataeniaeiniuuesnsnnuay

[ A a Iy 1
aﬂymgﬂuﬂuicﬁqﬂllﬂ

7
(a] Elipsoidal (b) Spherically Dished
(Torispherical) lc) Hemisphorical

v v o

2.6 HansanyuzAN, Ilag ASME

=D.

31

2.1) 048 nyIENs$s (Ellipsoidal heads) AIUMINTASUANMAUVDIA NI IH

t = KP*Di/2S*E - 0.2*P) + Ca 2.5

t = KP*Do/(2S*E 2*P(K-0.1)) + Ca (2.6)

M3199 2.1 A1A9N K U09a 110595 1ag ASME

TABLE 1-4.1
VALUES OF FACTOR K
(Use Nearest Value of D/2#; Interpolation Unnecessary)

orzh 3.0 2.9 2.8 2.7 2.6 2.5 2.4 2.3 2.2 2.1 2.0
K 1.83 1.73 l.ed 1.55 l.4e 1.37 1.29 1.21 1.14 1.07 1.00
orzh 1.9 1.8 1.7 lée 1.5 1.4 1.3 1.2 11 1.0

K 0.93 0.87 0.81 0.76 0.71 0.66 0.61 0.57 0.53 0.50
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2.2) WIDIaNHULITIINTINAY (Tori sphere) ﬂ'ﬂi]ﬁlﬂﬁi‘ﬂﬂ’)'ml?%}uﬂlﬂﬂ

t = M*P*Ri/(2S*E - 0.2*P) + Ca 2.7)
t = M*P*Ro/(2S*E HM- 0.2)*P) + Ca (2.8)

M3197 2.2 A1A9N M Uo9aIUHI0 N5 Tori sphere 198 ASME

TABLE 1-4.2
VALUES OF FACTOR M
(Use Nearest Value of L/#; Interpolation Unnecessary)

Ly 1.0 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50
M 1.00 1.03 1.06 1.08 1.10 1.13 1.15 1.17 118 1.20 1.22
Ly 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0
M 1.25 1.28 1.31 1.34 1.36 1.39 1.41 1.44 146 1.48 1.50
Ly 9.5 10.00 10.5 11.0 115 12.0 13.0 14.0 15.0 16.0 162/31
M 1.52 1.54 1.56 1.58 160 162 1.65 1.69 1.72 1.75 1.77
NOTE:

(1) Maximum ratio allowed by UG-32(]) when [ equals the outside diameter of the skirt of the head.
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t = P*Ro/(2S*E - 0.8*P) + Ca (2.10)
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E
W= pVAexp[— EJ (2.22)
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Divergence of net radiative heat flux
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4.2 Qﬂ!ﬂgll’s;f\‘l’Ljﬂlll?Jllﬂ1iiﬂEJUlE]unﬂ]'lﬂWEJiu‘Vi@ﬂLNlell"U@\inlE]hlﬂlﬂ‘ﬂﬂ’ﬂﬂﬂu 1.5 bar
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FEUINIAAWTY 25 kg 1Az 50 kg

~ ' ¥ 9 v v A a Yy A
1NN 4.2 naaamsne lerudinielude wn Tnifieguugimswn ludnaiuas

Y y 1 a (BN} [ ?,’
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U
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A v o ' Y o A @ v Y Y = A
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FLHINTAQNIY 25 kg 118% 50 kg

~ ' ¥ v v v A a Yy A
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nazanudeunmeludoun Indfveanis143aguiu 25 ke Tgungiigegaman 848 'C uay

a a a

[

gangi Tagsaneludeuw lulganii 1.2 % mindennums ¥ iagngu so kg Fansiie’le
3 Ay PR A 4
Wi lumeludoann Tnid mmmmﬂ"lmmwaﬂiwwmamwgwmmﬂm JVULIBITY

ﬂﬁ]ulfliﬂ lLGlIﬂﬂi’JiJﬂa‘]JlliJiJNaﬂi ﬂﬂﬂﬂ@mﬂﬂhiﬂﬂmaEJ"II’E')QW@QLN11W wmwmsﬂ@u

[

&' a d dy o Y v o U Y v a ao’
FOINAaze1NAAIN wenniaeily @1s"umsizmsﬁumumazmwaiw’omwmiwaeﬂ"lem

ag a9
FAVUDNAIY

60



a ¢ a A
4.2 fn‘i')!ﬂi]Zﬁﬂ‘igﬁﬂﬁﬂﬂl‘l!ﬂﬂﬂ’l
a 4 a A Y A U = I 1
ﬂ']'i')tﬂﬁ"lgﬁ‘]Jﬁgﬁﬂ‘ﬁﬂ"IWﬂ'lﬂW']ul‘ﬂﬂJWﬁf]ﬁ"JuéUfNMHWW IﬂfﬁJﬂWﬁLﬂ‘UWﬁfﬂﬁ“ﬂﬂafN IFU
1 a 9 A’I a [ ~ o A Y o
AIRUNHN ﬂ1ﬂ131%L%@LWﬁQLLﬁ$@1ﬂ1ﬂ AR50 4.1 LLa$u1Wﬁﬂ1§ﬂﬂﬁf]\i‘l’]ulﬂllﬂﬂWH'Jﬂ‘lalu

quNIn (2.29) ol ldszaninmdanan

Y a 4 a A o %/
M319i 4.1 Mmyvagidszaninmmawn Ingd Taems s iaguyu 25 ag 50 kg Ysuanin

lou 16, 18 1ag 20 L/h NANUAY 1, 1.5 uag 2 bar

Water Porous Fuel Air Cp Temp Temp Furnace
volume, | medium | Volume | flow Air Flue gas | Ambient | Efficiency
Pressure | volume

(L/h) (kg) (kg/hr) | kg/hr | (kg/kJ K) (°cO) (°C) (%)

25 0.85 167.4 1.005 119.84 32.6 52.41

16 (1bar)
50 0.85 167.4 1.005 119.54 34.5 35.47
18 25 0.95 178.2 1.005 126.27 32.6 51.8
(1.5 bar) 50 0.95 178.2 1.005 125.81 35 37.47
20 25 1.05 189 1.005 131.68 31.8 58.71
(2 bar) 50 1.05 189 1.005 130.55 353 37.82

4.2.1 HANINABIVRINIIIT Taqnu 25kg WANIINAADIVDINT 1FIANTU 25 kg Ao
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< ' a A ' ¥
nngUuaaldmundszaniawmsmn IndvSeduaumgegavenio 1ot Tag

' 4
msldiaangu 50 kg 1 37.82 % uaz Uszansammsen ludgegaveaniie lorh laens 19 iaa

a

=

WU 25 kg 91 58.71 % Fadlanudunusnuguugivesioun ludvesmsldiagniui 25 ke

q q

Y H v
uuganms lEiagugn 50 kg Jelinaldsz@ansammamn lvdn ldmsvinduaugana a9

AullunrmaRorusunamnsatamanuieu ldanmes Tuaditlandwmiiaaieg aely

Y Y
vouw 11i]

4' a Jd 1 a = Yo 3
M319i 4.2 MsanTzimguvgi loide Tasmsldiaangu 25 uaz 50 ke Uswanihitlou 16,

18 uag 20 L/h NANUAY 1, 1.5 1ag 2 bar

Water Porous % O, CO % CO, Flue Gas | Airtemp
volume medium Temp
volume
(L/h) (kg) (ppm)
25 3.3 89 11.34 162.1 324
16 (1bar)
50 0.4 338 12.47 124.4 304
18 25 2 37 12.51 170.7 324
(1.5 bar) 50 1.4 14 11.6 132.9 30.9
25 4.8 745 9.27 203.9 32
20 (2 bar)
50 1.7 21 11.14 137.5 35.6

~ ~ < a o 2 A 1
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d’ a o a =) A [ g Y v
M319i 4.3 Msnsziamgungi lodelonaunlor Tasmsldiaangu 25 uaz 50 ke

WSuaniileu 16, 18 tag 20 L/h NANUGY 1, 1.5 1ag 2 bar

Water Porous % O, Cco % CO, Flue Gas | Airtemp
volume medium Temp
volume
(L/h) (kg) (ppm)
25 19.8 63 0.78 169.9 32.6
16 (1bar)
50 21 21 2.94 169.9 34.5
18 25 7.2 37 7.2 192.6 32.6
(1.5 bar) 50 18.3 93 9.68 203.9 35
25 6.7 664 9.37 2233 31.8
20 (2 bar)
50 4.1 553 10.42 206.9 353

a d % &’ a o %
4.3 ﬂ"li’J!ﬂﬁ]Z‘ﬁﬂﬂ/‘lﬁx‘ifnu!‘HmWﬂﬂﬂ]“ﬁ?jﬂﬂﬁl(LPG)
a Eal o &l a A 2 A zg a o Y = I
mmmiwwmwawmwmwawﬁamiﬁmﬂamwemmm«vm@M%umimuwamﬁ
] 1 a sizg a %’ (2 A o =
NAQDN LBU AQUNHY ﬂ1ﬂ1'§1‘]ﬂfb’@ﬂ"la\‘]uﬁ$fﬂﬂ1ﬂ mﬂ@u AT NN 4.4 LASUINANITNADIN

o { 4 U v { &’ a
T8l enaluaunsn (2.28) e i laamaanui ldandsemas

H A % d‘ ¥ a W 2 90’
M9 4.4 Amasnui ldnndemas Taemsldidangu 25 nag 50 kg Ysuanihitlou 16, 18

1ag 20 L/h NA1INAU 1, 1.5 11ag 2 bar

Water Porous Fuel Temp Temp Heating | Heating of
volume, medium Volume | feed water Vapor value Fuel
Pressure volume

(L/h) (kg) (kg/hr) (°C) ®) (kJ/kg) (kW)

25 0.85 32 119.84 50,220 11.85
16 (1bar)
50 0.85 32 119.54 50,220 11.85
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$ 1 % 1 ¥ a U ?7'
M3197 4.4 Amasaui ldnnaemas Taoms g Tagugu 25 uag 50 kg Uswaitlou 16, 18

e 20 L/h NAMNAY 1, 1.5 uag 2 bar (A9)

Water Porous Fuel Temp Temp Heating | Heating of
volume, medium Volume | feed water Vapor value Fuel
Pressure volume

(L/h) (kg) (kg/hr) ®) (°O (kJ/kg) (kW)

18 25 0.95 32 126.27 50,220 13.25
(1.5 bar) 50 0.95 32 125.81 50,220 13.25
25 1.05 32 131.68 50,220 14.64

20 (2 bar)
50 1.05 32 130.55 50,220 14.64

A o v % A A @ Ay ¥ dy a o

NATTN 4.4 NANUAU 1 bar ’E]GI‘NUTﬂEJu‘V] 16 L/hr llﬂ’lwa\j\i']uﬂ]lﬂflﬂﬂmfﬂlwa\iﬁ’l
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[ g a Ao 1R ) Y @ A o 9 Z’, °
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1 J 1% ¥ a
Naﬂﬁmammﬂ%”amwgu 25 kg 11ag 50 kg mmwawm”lam AINNIIUANTIG

J 9

\ \ QJ 901 { { QJ o Sol
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. 1 o %’ s %71
M319i 4.5 Amaanuveslent TasmslaTaguyu 25 uaz 50 kg Usuanifou 16, 18 1ag 20

Qan

L/h AANUAY 1, 1.5 11ag 2 bar

Pressure |Water feed | Porous Temp Temp | Enthalpy | Enthalpy | Power of
volume medium | feed water | Vapor | feed water | vapor vapor
volume
(bar) (L/hr) (kg) (°C) °O (klkg) | (klkg) | (kW)
25 32 119.84 504.7 2706.7 10.03
1 16
50 32 119.54 504.7 2706.7 8.78
25 32 126.27 467.11 2693.6 11.13
1.5 18
50 32 125.81 467.11 2693.6 9.89
25 32 131.68 417.46 2675.5 12.23
2 20
50 32 130.55 417.46 2675.5 11.01
14 -
12
10
€ &
2
v
6
© m25kg
8 4
2 50 kg
=1,
0
16 L/hr 18 L/hr 20 L/hr
1 bar 1.5 bar 2 bar
Steam flow rate
Ui 4.5 amasau e andaldvinmsldiagugu 25 ke uaz 50 kg naziinnwaul, 1.5 uaz

2 bar gauge
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. a a %1 Y 50‘
m31ai 4.6 Uszaninmude lev Tasnsldiaangu 25 uag 50 kg Yswaiiou 16, 18 uaz
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Water |Porous |Temp Fuel | Temp |Enthalpy |Enthalpy| Temp | Heating | Power
volume, |medium | feed |volume | Vapor feed Vapor Air | value of
Pressure |volume |water water vapor

(L/h) (kg) | (°C) | (kg/hr) | (°C) | (ki/kg) | (ki/kg) | (°C) | (klkg) | (kW)

25 30 0.85 119.84 | 504.7 | 2706.7 | 31 50,220 | 94.57

16 (1bar)
50 30 0.85 119.54 504.7 | 2706.7 32 50,220 | 82.75

18 25 30 0.95 126.27 | 467.11 | 2693.6 | 31 50,220 | 95.88

(1.5 bar) 50 30 0.95 125.81 | 467.11 | 2693.6 | 32 50,220 | 85.22

20 (2 25 30 1.05 131.68 | 417.46 | 26755 | 32 50,220 | 96.9
bar) 25 30 1.05 130.55 | 417.46 | 26755 | 32 50,220 | 87.21
100 ) |

Boiler efficiency

16 L/hr 18 L/hr 20 L/hr

1 bar 1.5 bar 2 bar
Steam flow rate
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volume, | medium | volume hour volume gas pump (2.2 kw)
Pressure | volume Electric
(L/h) (kg) (kg/hr) | (h/year) | (kg/year) | (Baht/kg) | (Baht/year) |(Baht/year)
16 25 0.85 2920 2482 24.42 27,623.20 | 88,233.64
(Ibar) 50 0.85 2920 2482 24.42 27,623.20 | 88,233.64
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1. msannasinldssansmmasn

1.1 M3 Iaanygu 25 kg. ANNAMNAY 1 bar gauge dn311Jou1N 16 L/hr.

mMaCp(T —T,)
My - HHV

7 furnace =

UsANTMWAUH = 7¢umace

131e1Me = 167.4 kg/hr.
AMNYANUFDUTUNIZUDIDINIA = 1.005 kI/kg.K
QUUNUNIIDDNVDUA UM = 438.15 K
gunNidoNITOU = 305.15K

YSademaa = 0.85 kg/hr.

AANNTOUGIVOUNAYIRY = 50,220 ki/kg

167.4x1.005(438.15—-305.15)
0.85x50220

x100

17 furnace =

=52.41%

1.2 MslFTagnyu 25 kg. ANGWDAY 1.5 bar gauge dn1311ouii1 18 L/hr.

maCp(T; - T»)

T furnace = m; -HHV

UsLANTMWAUN = 7mace

1510177 = 178.2 kg/hr.
ANYANUTOUTUNIZUDIDINIA = 1.005 kI/kg K
QUNUNUNIDDNVDUA UM = 443,15 K
guHNdoNITOU = 305.15K

Wnan¥oma = 0.95 kg/hr.

ANNNTOUGIVOIRAYIRY = 50,220 ki/kg
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178.2x1.005(443.15-305.15)

= x100
T turnace 0.95x50220

=51.8%

1.3 M3l Taguyu 25 kg ANNAMINGY 2 bar gauge 9015110111 20 L/hr.

haCp(T) ~T»)

7 furnace = My -HHV

UsANTMWAUH = 74mace

Usunae1ne = 189 kg/hr.

ANYANS OUTUNIZVDIDINE = 1.005 ki/kg K
QUNNUNIDDNVDUA UM = 468.15 K
gaungidensen =305.15K

YSuau¥einas = 1.05 kg/hr.

AR oUFIVBIRAYIAN = 50,220 ki/kg

189x1.005(468.15-305.15 )

- x100
7] furnace 1.05x 50220

=58.71%

1.4 M3IFTAQNIH 50 kg. ANUAUIDRGY 1 bar gauge 903 11fouii1 16 L/hr.

% _ h,Cp(T, - T5)
urnace mf i HHV

UsEANTNMWAUN = 7yrnace
U51Na01M# = 167.4 kg/hr.
ANYANNS OUTUNIZVDIDINE = 1.005 ki/kg K

QUUAUNNOONYDUAUNT = 393.15 K

Q U
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guHYdoNTOU = 303.15K
USau¥enaa = 0.85 kg/hr.

AANNTOUFIVDIRAWIAYN = 50,220 ki/kg

167.4x1.005(393.15-303.15)
0.85x50220

77 furnace = %100

=35.47%

1.5 MIFITQNTU 50 kg. ANNAMNAY 1.5 bar gauge 0A311Jo11 18 L/hr.

MaCp(T, ~T2)

7 furnace = m; -HHV

UsLANTMWAUH = 7¢4mace

U5uue1Me = 178.2 kg/hr.
ANIANS DUT UNIZVDI0INE = 1.005 ki/kg K
QUNNUNIDDNVDAAUHT = 403.15 K
guHNNAONITOU = 303.15K

Wnanyoma = 0.95 kg/hr.

ANNNTOUFIVBURAYIAN = 50,220 ki/kg

178.2x1.005(403.15-303.15)

. x100
Htdrnace 0.95%50220

=37.53%

1.6 MIFITANTU 50 kg. ANNAMNAY 1.5 bar gauge 6@311Jo1 20 L/hr.

maCp(T, ~T2)

77 furnace = My - HHV
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UsLANTMWAUH = 744mace
U510 1ne = 189 kg/hr.
ANYANUTOUTUNIZVDIDINIA = 1.005 kI/kg.K
QUNHUNNOONVDAANT = 408.15 K
gungidensen =303.15K

y

USuau¥enas = 1.05 kg/hr.

AT OUFIVOIRAYIRN = 50,220 ki/kg

189x1.005(408.15—-303.15)

- x100
1 furnace 1.05% 50220

=37.82%

2. MIMUIUHIMWAIN YN

2.1 M TaaNsH 25 kg. ANNAUNRAY 1 bar gauge 0n351T0UI 16 L/hr.

Q, =, ¢HHV

2
89513 [Mavou¥eInad = 0.85 ke/hr

1 9 2] 9
MANUIDUUNTYNAN(LPG) = 50,152 kl/kg

Qf =0.85%x50,152

=11.85kW

2.2 M31FTaQNgu 25 kg. ANNAUINAY 1.5 bar gauge 0A3 110U 18 L/hr.

Q, =1, «HHV

4
895115 1avouF¥oINad = 0.95 kg/hr

' 9 Y Y
ﬂ']ﬂ')']i]ﬁ’t)uuﬂﬁﬁ\i@]ll(LPG) =50,152 kJ/kg
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Q. =0.95x50,152

f
=13.25 kW

2.3 M31FTaQngu 25 kg. ANAWINGEY 2 bar gauge 9n3110UI 20 L/hr.

Q, =, «HHV

3
81313 IMaveuFeInaa = 1.05 kg/hr

[ 9 94 Y
MANUIDUUNTYIAN(LPG) = 50,152 k/kg

Qf =1.05%x50,152

=14.64 kW

2.4 M31FIAQNIU 50 kg. ANNAMIDAY 1 bar gauge o019 Jour 16 L/hr.

Q, =t +HHV

9
89515 IavouF¥oInas = 0.85 kg/hr

' v » Y
MANUIDUUNTIAN(LPG) = 50,152 kJ/kg

Qf =0.85x50,152

=11.85 kW

2.5 M3l Tagngu 50 kg, ANNAUINAY 1.5 bar gauge 0M110U11 18 L/hr.

Q, =, «HHV

89513 IMavou¥eInad = 0.95 kg/hr

1 9 4 Y
MANUIOUUNTIAU(LPG) = 50,152 k/kg
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Q. =0.95%50,152

f
=13.25 kW

2.6 M3NFTAQNIH 50 kg. ANNAUINDY 2 bar gauge 90310 UI 20 L/hr.

Q, =, «HHV

3
81313 IMaveuFeInaa = 1.05 kg/hr

[ 9 94 Y
MANUIDUUNTYIAN(LPG) = 50,152 kl/kg

Qf =1.05%x50,152

=14.64 kW

3. MamnarnmnaInulain

3.1 M TaansH 25 kg. ANNAUNDY 1 bar gauge 0n35110UI 16 L/hr.

Qs= ms(hs _hw)

Waved 19 = 16 ke/s.
uatlueslen = 2675.5 kike

tounatluoail = 417.46 kl/kg

Qs =16(2675.5—417.46)
=10.03%

3.2 M TaaNgH 25 kg, ANNAUDAY 1.5 bar gauge 9n3 110U 18 L/hr.

Qszms(hs _hw)
wiavedlor = 18 kgss.
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uatves 1o = 2693.6 ki/kg

lUNatves = 467.11 ki/ke

Qs=18(2693.6—467.11)
=11.13%

3.3 M IaaNgH 25 kg. ANNAUNAY 2 bar gauge 0N 10U 20 L/hr.

Qs=ms(hs —hy)

Wave4 19111 = 20 kes.
Ualved 1 = 2706.7 ki/ke

lUNatvea = 504.7 ki/kg

Qs =20(2706.7-504.7)
=12.23%

3.4 MG IaaWIH 25 kg. ANNAMRAY 1 bar gauge 0n31oUI 16 L/hr.

Qs=m; (hs _hw)

Waved 1911 = 14 ke/s.
uviatlueleni = 2706.7 kike

lUNatvea = 504.7 ki/kg

Qs =14(2675.5—417.46)

=8.78%
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3.5 MslFTagngu 25 kg, ANNAUINAY 1.5 bar gauge 0A1ToUI1 18 Lihr.

Qs=ms(hs —hy)

1ave4 1911 = 16 kes.
uiatlueelen = 2693.6 kike

rounatluea = 467.11 kl/kg

Qs=16(2693.6—-467.11)

=9.89%

3.6 M TAQANIHU 25 kg. ANNAUDAY 2 bar gauge 9n31ToUI 20 L/hr.

Qs= ms(hs _hw)

Wave4 191i1 = 20 kes.
euiatlueleni = 2706.7 kike

lUNatvesi = 504.7 kikg

Qs =18(2706.7—504.7)
=11.01%

4. mamilszansmundiolein
4.1 M31FTagwsn 25 kg. ANNAWNAY 1 bar gauge 901311011 16 Lihr.

ms (hs _hw)
oy = ————=x100
Tooiler = " ARV

Aa a 9 %’
Uszansnmunilo 1011 = 7,06

wiaved o = 16 kg/hr.
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uatveslei = 2675.5 kikg

uatlveniiteon = 146.68 ki/ke
I

U5 BoINae = 0.85 kg/hr

AnNToUFIVDIRAYIAN = 50,220 ki/kg

16(2675.5-146.8)
0.85-50220

100

Mboiler =
=04.78

4.2 M3FTaQNIU 25 kg, ANNAUINAY 1.5 bar gauge 913110111 18 L/hr.

.'s(hs hw)
Thoiler = ——————x100
boiler 3 . "HHV

Uszansammileleonh = e
wravedleth = 18 ke/hr.
usiatlvealerh = 2693.6 kike
uiailvehifou = 146.68 ki/ke
nanomas = 0.95 kg/hr

AR oUFIVBIRAYIAN = 50,220 ki/kg

18(2693.6—146.8)><1 I
0.95-50220

TIhoiler =

=96.09%

43 M31FTagNgH 25 kg, ANNAUINAY 2 bar gauge ONI1TOUI 20 Lihr.

ms (hs _hw)
iler = —————/5100
boiler == " HRV

a A 9 ?
ﬂigﬁﬂﬁﬂ’lwwuel‘lau’l = Tlhoiler

¥ave4 19101 = 20 kg/hr.
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uatveslei = 2706.7 ki/kg

uatlveniiteon = 146.68 ki/ke
I

UTmauyenag = 1.05 kg/hr

AnNToUFIVDIRAYIAN = 50,220 ki/kg

20(2706.7-146.8)

—_— %100
Thoiler =~ 05750220

=97.09%

4.4 MIFIaQNIY 50 kg. ANNAURAY 1 bar gauge dn311oUM1 16 L/hr.

.'s(hs hw)
Mooiler = —————-x100
boiler .f "HHV

Uszantammslelonh = e
wravedlerh = 14 ke/hr.
ustatlvesloni = 2675.5 kike
oustatlveariiflon = 146.68 kijke
Wnanomaa = 0.85 kg/hr

AN oUFIVBIIRAYIAN = 50,220 ki/kg

14(2675.5-146.8)
0.85-50220

Mboiler =
=82.93%

4.5 MIFTaaNgH 50 kg. ANNAUDAY 1.5 bar gauge 9A3 110N 18 L/hr.

ms(hs _hW)Xloo

Mhoiler = ;- HHV

Y
dseaniamnite 1011 = 7,510

88



wravedlerh = 16 ke/hr.
uiailvedlerh = 2693.6 kike
wstatlveahilow = 146.68 kike
WanauFomas = 0.95 kg/hr

ANINTOUFIVDIRAYIRN = 50,220 ki/kg

16(2693.6 -146.8) y
0.95-50220

=85.41%

100

Mboiler =

4.6 MIFITANIY 25 kg. ANNAUNAY 2 bar gauge dN31TOUUI 20 L/hr.

I’hs (hs _hw)
ilop = ————=x100
Tooiler = = ARV

Uszantammslelonh = e
wravedleth = 18 ke/hr.
ustatlveelerh = 2706.7 kike
oustatlueaiilon = 146.68 kikg
Wnandomas = 1,05 kg/hr

AT oUFIVBIRAYIAN = 50,220 ki/kg

18(2706.7—146.8)X 7
1.05-50220

Mboiler =

=87.4%
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Table 4. Properties of Saturated Water and Steam (Temperature)

Temp. | Pressure Volume, m3/kg Enthalpy, kJ/kg Entropy, kJ/(kgsK) | Temp.
t("C) MPa Vi Wy h hy 5 Sy t("C)
0.1 0.0006117 | 0000002 206.00 0.001 25009 0.0000 0.1555 0.
5 0.0D08T26 | 0.0010001 147.02 21019 25101 0.0763 00249 5
10 0001228 | 00010003 106.31 42071 25192 01511 B.B3% 10
15 0001706 | 00010009 77831 62984  252B4 0.2245 B.Ta04 15
20 0002339 | 0000018 57761 83920 25375 0.2365 B B6E1 20
25 000370 | 0000030 43.341 104.34 25465 0.3673 B.5568 25
a0 D0D4247 | 0000044 32 887 125.75 25556 0.4368 B451 a0
35 0005625 | 00MD0E0 25208 146 64 25645 0.5052 B.3518 a5
40 0007384 | 0000079 19.517 167.54 25735 05724 B.2557 40
45 0002534 | 0000029 15253 188.44 25825 06385 B.1634 45
50 0012351 00MM1 12.028 20934 25913 0.7038 BOT49 50
55 0.015761 0000145 95640 230.24 2600.1 0.7680 7.5839 55
&0 0018346 | 00T TEETT 25115 26088 0.8312 7.0082 60
65 0.025041 00M0M% 61938 7208 6175 0.8935 1.8296 65
70 0.031201 0000228 50897 793.02 2626.1 0.9550 7.7540 70
75 003B535 | 0000258 41281 naar 26345 1.0158 16812 75
B0 0047415 | 00010230 34053 33495 26430 1.0754 75110 a0
85 0057867 | 0000324 28959 355.95 26513 11344 75434 a5
an 0070IA2 | 00010353  2.3501 are.ar 265095 11827 TATE a0
95 00B4505 | 000036 13806 398.02 2BETE 1.2502 74150 5
100 010142 00010435 - 1.6719 419,10 26756 1.3070 73541 100
105 0.12080 0000474 14185 440.1 26834 1.3632 7.2851 105
110 014333 0000516 - 1.2084 461.36 26911 14187 72380 110
115 016918 00010559 1.0359 482 55 26386 14735 T8 1156
120 019857 00010608 089130 503.78 27059 15278 71291 120
125 0.23222 0DDE49 077011 525.06 27131 15815 70770 125
130 0.27026 00010657  0.66B08 546.30 27201 1.6348 70264 130
135 031320 00010747 0.58180 56777 27269 16872 69772 135
140 0.36150 00010738  0.50852 589.20 27334 17393 6.5293 140
145 0.41583 00010850 044602 G10.60 27308 1.7903 E.8326 145
150 0.47610 0000305 0.39750 £32.25 27459 1.8420 6.8370 150
155 054342 00010962 0.34650 653.88 27518 1.8076 6.7926 155
160 DBE1E14 00011020 | 0.30682 B75.57 2757 4 1.9428 67431 160
165 0.70082 00011080 . 027245 B97.35 2TR2E 1.9926 67066 165
170 0.79205 00011143 024262 719.21 2TRT9 20419 65649 170
175 0.89245 00011207 0.21660 T41.15 12T 2.0303 66241 175
180 1.0025 00011274 019385 763.19 T2 2305 6.5841 180
185 11233 00011343 017382 T85.32 a4 21878 6.5447 185
190 1.2550 00011414 0.15638 807 57 27853 22358 B.5060 140
195 1.3085 00011483 014091 820.92 27880 22634 E.4679 195
200 15547 00011565  0.12722 85239 7az1 23308 64303 200
205 1.7240 00011645 011509 87499 27349 2319 E.3932 205
HO 1.9074 00011727 - 010430 897.73 2797 4 24248 6.3565 HO
215 21055 00011813 D.094589 920,61 27904 24714 6.3202 Fal
220 23193 00011902 0086100 343 64 28011 25178 62842 220

16 + ASME Steam Tables — COMPACT EDITION
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Table 4. Properties of Saturated Water and Steam (Temperature)

Temg. | Pressure Volume, m3/kg Enthalpy, k1/Kg Entropy, kJ/(kg=K) | Temp.
t{°C) MPa W Vg Lt My 8 5 t(°C)
285 25434 0001139 DO78411 DEE.84 28023 2 5641 5.24B5 225
230 27968 0001208 0071510 Ba021 2803.0 26102 6213 230
235 3.0622 000119 0.DB53M4 10138 28033 2 6561 BATIT 235
240 33467 0001229 0058710 10375 28031 2709 £.1425 240
245 3. B500 0001240 0054653 10615 28023 27477 61074 245
250 34759 0001252 0.050087 1085.7 28010 27934 6.0722 250
255 43097 00012684 0045941 11101 27391 28391 6.0370 255
260 4 5901 0001276 0042175 11348 21966 28847 6.0017 260
265 50851 0001289 0038748 11598 27935 29304 5 9667 265
270 5.5028 0001303 0035622 11851 2rear 29762 5.9304 210
75 50483 00013E  0032TET 12107 27851 3w 58943 275
280 6 4165 0001333 0030154 12367 2198 30681 58578 280
285 60145 0001340 0027758 1263.0 21T 31143 5.8208 285
200 74416 0001366 0025557 12698 2TE6 6 31608 57832 290
205 7.0990 0001385 0023531 13170 27586 32076 57443 295
ano 8.5877 0001404 0021663 13448 27498 32547 57058 300
305 9.2002 0001425 0019937 1373 27394 33024 5.6655 113
3o 0 BAAT 0001448 0018333 14020 el 3.3506 56243 o
35 10.556 0001472 0018356 14316 2751 33994 55816 35
320 11.284 0001438 0015476 14621 2mor 3491 553713 3z
325 12.051 0001528 0014189 1453 4 26845 34997 54911 3%
30 12 658 0.001561 0012984 15257 26662 35516 5.4475 330
135 13.707 0001597 0011852 15593 26456 316048 5.3910 35
340 14 600 0001638 0.0107B4 1504 4 26221 3 6599 53359 a4
5 15.540 0001685  D.DOSTIO 1631.4 25850 anms 5.2T63 345
350 16.529 0001740  0.002307 1670.8 25636 37783 52109 350
355 17570 0001808  0.007866 17137 2576.4 38438 51317 355
360 18,666 0.001835  D.D0E94S 17615 2430 310164 50827 360
365 19.822 000206 - 0.006004 18176 4220 40011 49457 365
] 043 0002222 DOMIE 18526 23335 41147 479% am
T 22064 0003106 0003106 20875 2087 5 44120 44920 T:
T.=373946°C

ASME Steam Tables — COMPACT EDITION « 17

103



Table 5. Properties of Saturated Water and Steam (Pressure)

Prass. Temp. Violume, m3/kg Enthalpy, k1 kg Entropy, kKJ/(kg«K) | Press.
MPa ti*C) Vi W e hy S Sy MPa
0.om 647 00010001 129018 297 BT 01053 B.57439 0.001
0.002 1750 00010014  66.830 73435 25329 0.2606 BT227 0.002
0.003 208 00010028 45,655 10083 25448 0.3543 B.57E6 0.003
0.004 2856 0000041 34.792 121.40 25537 0.4224 B4TIS 0.004
0.005 3288 000053 26.186 130 2560.8 04763 B.3939 0.00s
0.006 .16 0000064 23.734 15143 2566.7 0.5209 B39 0.008
0.007 300 000075 20.525 163.37 25718 0.5581 B2746 0.007
0.008 41.51 00010085 16099 173.85 25762 0.5825 B2274 0.008
0.009 4376 00010084 16200 183.26 2580.3 06223 B.1859 0.009
0.010 45.81 000103 14671 191.81 25838 0.6452 B.1489 0.010
0.H2 43.42 00019 12.358 206.891 2580.3 06863 B.0BS0 0.012
0.014 5255 000133 10,681 21999 25958 0.7366 B.O312 0.014
0.HE 55.31 00047 54308 231.55 2600.7 0720 T.5847 0.016
0.Hg Lra0 000160 B4433 241.85 2605.0 0.8035 78437 0.018
0.020 G0.0& 00NoI7 TedE2 251.40 2608.9 08320 78072 0.020
0.025 6456 0000158 62004 7.8 26174 0.8831 T.6302 0.025
0.030 B30 000222 52286 289.23 26246 09433 T.T675 0.030
0.135 T268 0000244 45252 304.25 2630.7 0.9676 T.7148 0.035
0.040 To.86 000ozed 38531 nrar 2636.1 1.0255 76650 0.040
0.045 T8.71 00ozE2 35761 320.55 2640.9 1.060 76288 0.045
0.05 B1.32 00010259 -~ 32401 34048 26452 1.0810 7.5530 0.05
0.06 B5.93 00033 27318 350,64 2652.9 1.1452 7.5 0.06
0.07 B9.93 00010359 23649 37668 26594 11915 T 4730 0.07
0.08 343 00010385 - 2.0872 39164 2665.2 1.2328 74339 0.08
0.09 B5.69 00010409 1.8695 40513 2670.3 1.2654 T.3542 0.09
0.10 Ba.61 04 16540 444 26749 1.3026 7.3588 0.10
012 10478 000473 14284 439.30 2683.1 1.3608 72976 012
0.14 10829 0000510 1.2366 ABBAT 2690.0 14109 72460 0.14
0.16 11330 00010544 1.0514 4703 2696.0 145345 72014 0.16
018 11691 DOMOSTE 097753 49067 T4 1.4544 T.1620 018
0.20 12021 00605 088574 504 68 27062 1.530 71269 0.20
0.25 12741 00N0G72 - D.F18m 535.35 27165 1.6072 70524 0.25
0.30 13353 0000732 DBDS7S 56145 27248 16718 B.5516 0.30
0.35 138.85 000786 - 0.52420 584.31 2r3zo 1.7275 6.9401 0.35
0.40 14361 0000836 046239 BO4.72 27361 17766 66354 0.40
0.45 14751 0000882 047350 f23.22 27454 1.8206 B.6560 0.45
0.50 151.84 QDrDg26 037480 f40.19 27461 1.8606 B.6206 0.50
0.55 155.46 QDgsT . 0.34250 65588 523 1.8872 b.7885 0.55
0.60 15383 01006 031558 GT0.50 27561 1.831 B.7o%2 0.60
0.65 161.99 0001044 - 025258 684 22 27596 1.9626 673N 0.65
0.70 164.85 00011080 - 027276 697.14 raa.T 1.8821 B.7070 0.70
0.80 17041 00011143 024033 21 ZT6B.3 20450 EBE15 0.80
0.90 17536 001212 021487 T4z272 2730 20844 66212 0.90
1.00 179.89 DO01272 . 019435 762 68 I 21384 6.5850 1.00
110 184.07 0001330 07744 78120 2780y 217TE3 6.5520 110
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Table 5. Properties of Saturated Water and Steam (Pressure)

Prass., Temp. Violume, m3/kg Enthalpy, kl/kg Entropy, kl/(kg-H} | Press.
MPa t{*C) W Wy hy e =1 =Y MPa
12 187.96 0.001133 0.16325 793.50 27838 2263 65217 12
13 191.61 0.001144 015117 E14.78 27865 22512 64935 13
14 195.05 0.001145 014077 B30.13 2789 22839 64675 14
15 198.30 0.001154 013170 Ba4 T2 7o 23147 64431 15
16 201.38 0.001158 012373 B58.61 2res 2.3438 6.4200 16
18 20712 0.001168 011036 B4 61 27960 2.397B 63776 148
20 H238 0.001177  0.099581 hoa g2 27334 24470 63302 2.0
22 MT26 0.001185 0.090655 03093 28002 24324 6.3040 22
24 221.30 0.001193  0.083242 05195 28015 25344 62714 24
26 22605 0.0020m 0.076a57 974 2802 5 25738 6.24M 26
28 230,06 0.001208 007428 95050 26030 26107 6126 24
3.0 233.86 00017 01066654 1008 4 28033 25456 61858 3.0
3.2 23746 0.001224  D.0B2475 10255 28032 26787 61604 3.2
34 240,90 0.001231  DJ05BTE 10418 28030 2702 6.1362 34
36 24419 0.001239  0.055446 10576 28025 27403 61131 36
38 24733 0.001246  0.052468 1072.8 280148 27630 6.0910 38
40 250.36 0.00253 0040777 1087 4 280092 27967 6.0657 40
42 25307 0.001259  0.047333 10 79949 28232 6.0452 42
44 256.07 0.001266  0.045103 11154 21T 2. 5438 60254 44
46 258.78 0.001273  0.043060 11288 27973 28736 60103 46
48 261.40 0.001280 DU4TIE 11418 21548 2 BATS 59917 48
5.0 263.94 0.001236 0030446 11545 27342 203007 549737 5.0
55 269.97 0.001303  0.035642 11845 21897 249758 5.9307 5.5
6.0 275.50 0.001319  0.032449 12137 2TBAE 30274 58901 6.0
6.5 280.36 0.001336  0.020728 12412 278 30760 58515 6.5
7.0 285.83 0.001352  0.027380 12674 226 31220 58148 7.0
75 290,54 0.001368  0.025331 1227 2765 8 3.1658 57792 75
4.0 29501 0.001385  0.023524 13171 21586 32007 57448 8.0
85 299.27 0.001401  0.021%26 13407 21510 32478 5.7115 8.5
9.0 303.35 0.001418 - D.020433 13837 27425 32866 56790 9.0
95 0725 0.001435 0019203 13860 2734 4 33240 56472 95

10.0 . 0.001453  D.01B034 14079 21255 33603 56158 | 10.0

1.0 J1a.08 0.001483 00155994 14503 27064 34300 5.5545 11.0

12.0 32468 0.0D1526 | Di014269 14813 26856 34965 54341 12.0

13.0 330.86 0.001566 0.012785 15314 26629 35606 54338 13.0

14.0 13667 0.001510 0.011489 157058 26381 36230 53730 14.0

15.0 M8 0.00M857 ~ 0.010340 16102 26109 35844 53108 | 15.0

16.0 736 0.00T10 0.005308 16497 25808 37457 52463 16.0

17.0 k2.2 0001769 0.008359 1680.0 2547 4 38077 51785 | 17.0

18.0 356.99 0.001839 0.007499 7320 5095 38717 51055 | 18.0

19.0 35147 0.001925  0.008673 17765 24654 39396 50048 | 10.0

20,0 I65.75 0.002039 0.005858 18271 2411 4 40154 49200 20.0

2.0 359.33 0.00212  0.004388 1889.4 2315 471083 43062 | H.D

2.0 ran 0.002750 0.003577 208 21642 43109 45308 20

B Ir3.046 0.003106  0.003106 2087 5 2087 5 4.4120 4420 | p

=22 064 MPa
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Section: Appendix A
Lower and Higher Heating Values of Gas, Liquid and Solid Fuels

TUer

Lower Heating Value (LHV) [1] Higher Heating Value (HHV) [1 Densit

Gaseous Fuels @ 32 F and 1 atm Btu/ft3 [2] Btuwlb [3] MJ/kg [4] Btu/ft3 [2] Btulb[3] MJikg[4] gramsiftd
Natural gas 983 20,267 47141 1089 22453 52225 220
Hydrogen 290 51,682 12021 343 61,127 142.18 255
Still gas (in refineries) 1458 20,163 46.898 1.584 21,905 50.951 328
Liquid Fuels Btwgal [2] Btulb[3]  MJ/kg [4] Btu/gal [2] Btulb[3] MJikg[4] grams/gal
Crude oil 129,670 18,352 42 686 138,350 19,580 45543 3,205
Conventional gasoline 116,080 18,679 43448 124,340 20,007 46.536 2819
Reformulated or low-sulfur gasoline 113,602 18,211 42358 121,848 19,533 45433 2,830
CA reformulated gasoline 113,927 18,272 42500 122,174 19,595 A5.577 2,828
U.S. conventional diesel 128,450 18,397 42791 137,380 19,676 45.766 3.167
Low-sulfur diesel 129,488 18,320 42612 138,490 19,594 45.575 3,206
Petroleum naphtha 116,920 19,320 44938 125,080 20,669 48.075 2,745
NG-based FT naphtha 111,520 19,081 44383 119,740 20,488 47654 2,651
Residual oil 140,353 16,968 39466 150,110 18,147 42210 3752
Methanol 57,250 8,639 20.094 65,200 9,838 22.884 3,006
Ethanol 76,330 11,587 26.952 84,530 12,832 29.847 2,988
Butanol 99,837 14,775 34.366 108,458 16,051 37.334 3,065
Acetone 83,127 12,721 29.989 89,511 13,698 31.862 2,964
E-Diesel Additives 116,090 18,679 43448 124,340 20,007 46.536 2,819

j (LPG) 84 950 20,038 46,607 91410 21,561 50.152 1.923
Liquefied natural gas (LNG) 74,720 20,908 48632 84 820 23,734 55206 1,621
Dimethyl ether (DME) 68,930 12,417 28.882 75,610 13,620 31.681 2518
Dimethoxy methane (DMM) 72,200 10,061 23402 79,197 11,036 25670 3,255
Methyl ester (biodiesel, BD) 119,550 16,134 37.528 127,960 17,269 40.168 3,361
Fischer-Tropsch diesel (FTD) 123,670 18,593 43247 130,030 19,549 45471 3,017
Renewable Diesel | (SuperCetane) 117.029 18.729 43563 125,294 20,047 46.628 2,835
Renewable Diesel Il (UOP-HDO) 122,867 18,908 43.979 130,817 20,128 46.817 2,948
Renewable Gasoline 115,983 18,590 43239 124,230 19,911 46.314 2,830
Liquid Hydrogen 30,500 51,621 120.07 36,020 60,964 141.80 268
Methyl tertiary butyl ether (MTBE) 93,540 15,094 35.108 101,130 16,319 37.957 2811
Ethyl tertiary butyl ether (ETBE) 96,720 15,613 36315 104,530 16,873 39.247 2,810
Tertiary amyl methy! ether (TAME) 100,480 15,646 36.392 108,570 16,906 39.322 2913
Butane 94,970 19,466 45277 103,220 21,197 49210 2213
Isobutane 90,060 19,287 44862 98,560 21,108 49.096 2118
Isobutylene 95,720 19,271 44 824 103,010 20,739 48 238 2253
Propane 84,250 19,904 46.296 91,420 21,597 50.235 1,920
Solid Fuels Btu/ton [2] Btwlb[5]  MJ/kg [4] Btu/ton [2] Btulb[5] MJikg [4]
Coal (wet basis) [6] 19,546,300 9773 22732 20,608,570 10,304 23.968
Bituminous coal (wet basis) [7] 22 460,600 11,230 26.122 23,445,900 11,723 27.267
Coking coal (wet basis) 24,600,497 12,300 28610 25,679,670 12,840 29.865
Farmed trees (dry basis) 16,811,000 8,406 19.551 17,703,170 8,852 20.589
Herbaceous biomass (dry basis) 14,797,555 7,399 17.209 15,582,870 7.791 18.123
Corn stover (dry basis) 14,075,990 7,038 16.370 14,974,460 7,487 17415
Forest residue (dry basis) 13,243,430 6,622 15402 14,164,160 7,082 16.473
Sugar cane bagasse 12,947,318 6,474 15.058 14,062,678 7,031 16.395
Petroleum coke 25.370.000 12.689 29.509 26,920,000 13.460 31.308

Source:

GREET, The Greenhouse Gases, Regulated Emissions, and Energy Use In Transportation Model, GREET 1.8d.1, developed by Argonne
National Laboratory, Argonne, IL, released August 26, 2010,

hitp/fgreet.es anl.gov/

Notes:

[1] The lower heating value (also known as net calonfic value) of a fuel is defined as the amount of heat released by combusting a specified
quantity (initially at 25°C) and retuming the temperature of the combustion products to 150°C, which assumes the latent heat of vaporization of
water in the reaction products is not recovered. The LHV are the useful calorific values in boiler combustion plants and are frequently used in

Europe.

The higher heating value (also known as gross calorific value or gross energy) of a fuel is defined as the amount of heat released by a
specified quantity (initially at 25°C) once it is combusted and the products have returned to a temperature of 25°C, which takes into account the
latent heat of vaporization of water in the combustion products. The HHV are derived only under laboratory conditions, and are frequently used

in the US for solid fuels.
[2] Btu = British thermal unit.

It
[

3] The heating values for gaseous fuels in units of Btwib are calculated based on the heating values in units of Btu/ft3 and the corresponding
4] The heating values in units of MJ/Kg, are converted from the heating values in units of Btu/b.

[5] For solid fuels, the heating values in units of BtwIb are converted from the heating values in units of Btu/fton.
[6] Coal characteristics assumed by GREET for electric power production.
[7] Coal characteristics assumed by GREET for hydrogen and Fischer-Tropsch diesel production

Biomass Energy Data Book — 2011 — hitp://cta.oml.gov/bedb
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Propane vs Butane vs Isobutane - Properties lm

LPG Gases Propane Butane Isobutane

Chemical Formula C3Hs CsH1o CsHio
Energy Content: MJ/m® 95.8 1M11.4 110.4
Energy Content: MJ/kg 49.58 47.39 45.59
Energy Content: MJ/L 25.3 27.5 25.0
Boiling Temperature: °C ~42 -0.4 ~11.75
VapourPressureat21°C: kPa 2151 310.9
Flame Temperature w/Air 1970 1975
Expansion:m?/L 0.235 0.234
Gaseous Volume: m>/kg 0.405 0.402
Relative density (water=1) 0.58 0.60
Relative density (air= 1) 2.00 2.07
L/kg 1.724 1.669

Kg/L 0.58 0.60

Gas Specific Gravity at 25°C 2.07 2.06
Gas density 15°C: kg/m’® 2.544 2.533

Note: Some numbers have been rounded Copyright © Elgas Ltd

G Conversion Value Table [{IE'Y

Mega, Kilowatt  Gas Tare

Litres
(Liguid)

Diameter® Height®

i) T Weight*

(kg)
1 25 6.9 0127 na na na

Joules Hours, = Volume
(M), (kwh). o (m))

49 13.6 0.54 na na na
181 50 2:0 265 340 5.5
417 116 4.6 310 460 9

29 735 204 8 305 734
18 35 882 245 10 310 826
45 88 2205 612 24 375 1250
90 176 4410 1225 48 510 1380
210 4115 102901 2858 113 760 1450

*Dimensions and tare weights can vary by cylindermanufacturer
**Data for.aluminium forklift cylinder.

NOTE:Some numbers have been rounded
Copyright © 2013 ELGAS
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WITHOUT FLUE GAS HEAT LOSS
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yadnn3 dezamuna widpuniagl=radinensnuuuuasaivdalaiuuunam e niuas
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Smimnumil 12110 siaalarin 20 ko/hr meldnwauldanu 2 bar (gauge) LnawiinErENANTRNENE
E-mail: boonrit p@en.rmutt.ac.th nessnfmALaTuEhlfusaurran-uamdsladhduuun sty Smmlfodo

Tel: 080-1101595
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Abstract

This research aims at to design and fabricate a direct-fired-evaporated porous-
mediumn boiler without the flue gas heat loss. The proposed boiler has concentric double-
shells, inner shell 15 & combustion and mixing chamber and cuter wall is a boiling
chamber. The ocuter and inner shell diameters are 0.5 and 0.35 m, respectively. The height
of this prototype boiler is 0.8 m. It was tested for the steam generation rate of 20 kgfhr
and pressure of 2 bar (gauge). This paper presents the experimental results on the
performance and feasibility of the proposed boiler. In the comparative study, three cases
of study: without, with 25 kg and 50 kg of porous medium, was conducted. The results
showed that the maximum fuel and air consumption rate were 1.05 and 175 m3.fhr,
respeciively. The maximum steam power was 12.84 kW and the boiler efficiency of
97.09% were obtained. In addition, the directly feed of steam into the inner combustion
and evaporation chamber did not affect on the steady state temperature profile. It only
results on a temporary decrease to drop momentarily and also resultz in higher steam
preduction efficiency.
Keywords: High efficiency beiler, Direct-fired-evaporated boiler, Porous medium
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