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(&1 yo! 31 o d) — SSbboT alais slod —F— —
oSl dlgo ywiSTy ¥l 9 g &5 cwl 1> (Heat of formation) Jis o)yl ,>
Egormo 3 (@lyil ouds ST @ )lyo sy oyl 4 gl b 1A WS o0 iz b g ol5T eims
9 OS] (o) adgl Slge JSiS (Fyle Sledw @lpel Y game S gl

T oo Cawds (39 8
B3 o oLk 1y oolo Wiz JuSCiS @yl S ylaibinel 1 glaiges (A=) o leds Jgus

R

ool wiz LSS o aitiwl &> (A-Y) Jgos
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Byl 8uls 831 @yl yo = 5l | Y guamo JuSuiid G )l y> & gomxo — gl Slgo JuSi gyl ) & gazxo

AR\
=CO, 1 mol 393.8 KJ
+ H,0 2 mol 2x241.8 KJ
+H, 7.52 mol 7.52 x 0.0 KJ
Total 9.52 mol 877.4 KJ
- CH,4 1 mol 74.9 KJ
-0, 2 mol 2x0 KJ
-N, 7.52 mol 7.52x0 KJ
total 10.52 mol 74.9 KJ

b ol il lie Jgo oo 3lyit 31 o S13T @)l > & gamo o9l iy

877.4-74.9 =802.5KJ

sole (3T (Josho ¢339 ) M a5 00le ylad 51 o5 ML sl il 00le y 51 Jgo Sy
Joiekss 802.5 o 0,516 (5l sl 5110 0090 168T b il lie Jgo ) (sl (515 s 95 0
B ,5 o0 331 (555

cnl 4 00,5 o0 33T (6551 50156.25 K oo p,55LS o lpiol 51 e
(Net Calorific value) .0g8 0 a5 Lo (alls J,l (035 6551 5lade

iS5 35 (Lower Heating Value) ol il o35l o &l ooy ool &
20,5 o0 b Gl SY gamo j0 Ol Hb &g HaO o 4o a5 890 o0

9wl o0 2.5 MJ/KE Jolxe a5 (Latent Heat) of jss ol o)l axilis
L Higher Heating Value ,luodio puS 48Lsl G99 oo a3 1)y Cawl oo ©f judd B o
o ool 4 393 potde Wl Cawas (8r0ss) (AL Syl b3l b Y (Fyle b5,

B @ )9 &5 o S S 50 2olo & ygu (3l yi | Y guazme 5o 1) T 45 !
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o0ld oyl (3l ol ¥ guaze 5o 5l @ yguar T 5136 I b Jao 50 i Gyt 4o
(oo o5 S o sl & of 2.25 Kg L) .cowl ouis
a5 Cawl 0015 plais| 395 a5 1y 5551 5.625 MJ ,ludo ous 0 i o (3l by
!l 00 ST i e gu @l 5 6550 lie o
Gross Heating U ol oYU J,l 35 dmwlro lp jlado ool Gluss! b
Volue
b Cowl plp ol AL (5152 05
50.156 MJ/kg +5.625 MJ/kg - 55.78j1 MJ/kg b, (892.5 KJ/mol)
5,1 5959 Y3190 KJ/mol ylio (Al )1y ol Jolie o a5
892.5 KJ/mol - 802 KJ/mol = 90 KJ/mol
J/mol cuus 525 °C 51 5YL los o @lypal OYgamo AT (14-Y) Jouz 43 cuiizod

Sl ol ools LLS

B gw 1 3> i1 G503l —0—0 —1
30 4S5 dgd o0 pSojll Yo I s bwgi LS g (1> (A5l s Se il
SR D90 Oy S phanni| Ll g (Jgemo slod U Gyl 51 oy Gyl @Y gazmo o
503105l ol Coway @yl S g oo GwilwiS i @l el Y graze j oo bl o
Do o0 4id )5 45 o 3 (Latent Heat) Of ysud ol @)l wisl b ol (b 50 09400
(Gross (AL )l (b5l Glene 4 Blwd Juud ol 31 ool Camsy (Jyly> o5l @b
(Net Heating U s gl iyl jlade 1A 05,5 o0 wewxo Heating Value)

T o0 cwsy of Latent heat jluio yuS b Value)

(Adiabatic Flame Temperature) SwibboT alad bod
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Sl b b ggaze p Bl 5l ool Caway @l IS el 51 ST Al sloo
T oo Caway §l il Y guaxo

MBS oo Ll 1) 25 °C 31 gYL slals o Glpe! oY game JLT (14-)) Jgus
o 3 (10-)) Jgaz 30 ST Hlade a5 il o 600-3000 °K 51 598 olos odguxe

Sl ool 0010 QL“"’ M_]/Kg > \Y-Y) Jgé.? J° 9J/mol

(Energy Balance) (g3 4 190

ol Cawds &yl y = 2400 Ok yo 5l Y guaze &yl 2200 °k ,»
MJ/mol
0.8025 =
&l CO, 0/115849 0.103627
sly» 2H0 2 x 0.093885 2 x0.83246
&l» 7.52N; 7.52 x 0.070682 7.52 x 0.063397
Totals 0.835147 0.746864
Too larg Too small

Syly> 9 ool Cowss wyly> o (Interpolating)  obygye 51 oolaiw! U

2326 °K plp ool Cawdy glod 0551 cawas 1y Slyuiml slod ¢lgi oo @yl &Y quazxo

bl o0

o312 plewdl

7 Sl b5 o e wll = 100% - efficiency ()
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20 )5 g0 dwmlino g sz (A ()l (55 4l ¢ Ygere ot )l lenil,

A3 o L y3 1y @l il WY guame LT (1V-Y) Jou

&l it oY gmian (AJLST (1Y-Y) Jgus

&l ! OY gazxo 600 °k o Jusl
MJ/mol
CO, 0.0129/6
2 x H,O 2 x 0,010505
7.52 x N, 7,52 x 0.008901
Total 0.100 862

R yR 9SS g £95 ol 1N

= Heat Released (ool cowny ©yl,>) — Heat in Flue gas (39551 51 (29,5 <yly») (¥

Efficiency
Heat Released ( ool cawss o,l,>)
ab g Gl pladly = AL GHle i)l x WL Syl (05, e p @l plosdly
A &> 3!
Al Gl
Folie sl

osle LG 39351 327 °C ol Gl (V=) Jgas j0 euds ools yLis b il yly
ton p9ls ¢ o0l Cuwns 0.8025 MJI/mol vl caway &l > g ol o0

olewily=100% x (8025-0.100862) 8025 = 87.43%net

WS g0 Jolo 1y ) gl StAcK 31 29,5 alice gbales b jUT cywad 1,55
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19551 sloo 7 Al ool 7 AL ol
o AFIY YAIS
Ass YAID V.l5
Yooo #YIY FYIY
1Yo INSVAL OY/d
Excess Air 9lo! slgd

20 o duwlmo (gled I oy (Ll G5 0)90 slep Gl b iiSTy Clél o
2 811 3 0355 Jolo lisebl g Jols 31l plil o e 5 Wil (5 yRogaS il Al
0,135 0 F1 5l ol G gammo (10,5 O pw j0 ABLSI Glad oer YU B 4b 1 .albl o o ysS

b (5 y0guS giwl Sl 4o 5l ol (gl

202+ (7921) Ny ) €O 2H,0 + (2 x(41) N, (
CH, +

il b 09 aid )5 51 50 3l il gl (SLSI Glgn AlNee amiliz >

2(1+A) (02 + (79/21)Ny) CQsy 2H,0 +2A0, +2 (1 +A ) 79/21) N,
CH, +
2(1+A) O+ (2(1+A) 792D N, =€, + 2H,0 +2A0,+2 (1 +A)79/21) N,
CH, +
+2 (1+A) + 2 (1+A) 79/21) =T 2+2A+7.59 1+A)
1 mol
1+2+2A+ 7.52 (1+A) =T?2+2A+7.59 (1+A)
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Molar Fraction Jgo 3> = Volume Fraction s> (f

Pl ke §lpot Y game Cgb o @l ol GBI (x> 552 LT ol b
CO, 1

H,O 2
0, 2A
N, 7.52 (1 + A)

el 80l 0315 (LS ) 30 Sind asly 3l el Y guaze JJGT

CO, 1
0, 2A
N, 752 (1+A)

Gyl Olwbro O¥le —F—0—1
2l g auls s guw Yol -

L ol

C: s Si9si> (Kglkg coqu)
H: (59,008 J39 25> (KGKE <& gm)
O: st G392 5> (Kg/Kg o gu)
S:0,5e5 953> (Kg/kg cogw)
W: O 9552 (Kg/Kg s gu)
N:oiorai Fi9 =5 (Kg/kg o gum)

(Ao) 685 Glgp pxo: I
A, = 8.89 C +26.7 (h-0.8) + 3.335 (Nm 3/kg)

(Go) wsbyo aly » (SBliol (3 (5585 pnt 0

G, =(1-0.21) A+ 1.867C +11.2h + 0.7 s + 1.244 w + 0.8n(Nm” / kg)

( Go) s aly Sl bils oo oz
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G’y = G, - (11.2 h) + 1.2244w) (Nm’’kg)
G395 Slgp 4 23lg slen cums c Al Retio (M) g couns i

(Nz) 9 (02) 9 (CO) : Mbs.n (SO w40 9 S U"L"Aﬁ osls ).JUT

(N2)

m=

(N,) = 3.76[(0,) - 0.5(CO)]

2
Ay la i b Jolee g s Clle )0 (yjg i 532 el (G s32) h LIl (o
gl o0 4 S

ods ool gd aolro wiilb Co =0 §0.79 Glpus! bjE jo My aslyl (B8 L (yuizon

0.21
(Japenes standard in the energy conservation law) o ,gas 4

(021) - (0,)
m=
(A) gyl slop 25l x> 5
A =mA, (Nm®/ kg)
(G) wsb o aly p Blyiol 56 2blg o> :
G=G,+(m-1A, (Nm'/kg)
(C) iz wly p (Slyiol 36 (28lg o2 i
G' -G ,+(m-1DA, (Nm’'/kg)
(Hp) e g @b )l 35,0 b
Hj, = 8100 C + 3400 (h-0.8) + 2500S Kcal/kg
(Hp) co g Al G)l> G035l s
Hy, - 8100 C + 28600 h + 4250 O +2500 S - 600w Kcal/kg

b Hy - Hy,- 600 (9h + w) Kcal/kg

sded 31 63U s gw (sl DY ol

h;: O399 CO: O 5SS g0 CH; : olbw C,Hs : ob!
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C3H8 : UL’9J" C4h1() : OUS'? 02 : u}.'.m.ﬂ C2H4 : u.la‘

CO; : (S ansleo N2t 359y

(Nm® I Nm® o) 63855 5lgp p> @

i (0.5 hz +0.5Co + 2CH4 +3.5 C2H6 +3 C2H4 +5 C3H8 +6.5 C4H10— 02) (Nm3/Nm3)

0.21
A, -

(Go) wsb o asly p 1ol 515 5855 o2 100

Go =1+ AO- 0.5 (hz +CO + C2H6 - 2C3H3 - 3C4H10) (Nm3/ NIII3 u’,.w)

(m) (Air Retio) 1g» cosns: z

[(0,) - 0.5(COYG"

m=1+
0.21A,

(A) Byl slgn o251y o> :

A=mAo [ Nm®/Nm® cx,. ]
(G) wsbyo aly p (Slyinl 55 adly o 0
G-Go+(m-1)Ao [Nm®/ Nm® e, ]
S wly g ( Slpel 6 A8l e g
G' =G +(m+1)Ao [ Nm®/Nm® s, ]

(Hp) 66 &yl o515

H;, = 3020 CO + 3050 h, + 9520 CH,4 + 16820 C,Hg + 15290 C,H, + 24370 C;Hg + 32010
CHy

[ Keal | Nm® ez, ]

(HI) W& 551> 35l i 2

Hy =Hy, - 480 (hy + 2CHy + 3 CoHg + 2 C,Hs + 4 C3Hg + 5C4Hjp) [ Kcal /Nm3]
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AT1 - AT2
AT1
In(—)

AT2

LMTD =

AT =°Clgabond p)5 CTLoysS (29,5 5 SV sloo S

AT, =°Clga L T loyss (29,5 515 omly sloo SO

* Log Mean Temperature Difference (LMTD)
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SPECIFICATIONS

Measuring -40 to 980 °C (40 to 1800 °F)
Range

+1° (0 to 100 °C/32 to 212 °F) and £0.5% of m.v.
Accuracy

(measuring range)
Draft/pressure Measurement

Measuring

:l: ”"
Range 20" H20
02 Measurement

%‘;;‘;‘e“i“g 0 to 21% vol.
Accuracy +0.2% vol.
CO2 Calculation

Display Range |0 to CO2max

CO Measurement (without H2 compensation)

Measuring
Range 0 to 20,000 ppm.

+20 ppm (to 400 ppm) and £5% of m.v. (to 2,000
Accuracy ppm) and £10% m.v. (to 20,000 ppm)
Measuring
Range 0 to 40,000 ppm

(1)

Accuracy +50 ppm (to 1,000 ppm) & £5% of m.v. (1,000 to

10,000 ppm) & £10% m.v. (> 10,000 ppm)
CO Measurement (w H2 comp.)

Measuring
Range 0 to 10,000 ppm.
o
Accuracy +20 ppm (to 400 ppm) & +5% of m.v. (to 2,000

ppm) & £10% m.v. (to 10,000 ppm)

NO Measurement

Measuring

Range 0 to 3,000 ppm.
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+5 ppm (to 100 ppm) & £5% of m.v. (to 2,000

Accuracy ppm) & £10% m.v. (to 3,000 ppm)

NO2 Measurement

Measuring
Range 0 to 500 ppm.
Accuracy +10 ppm (to 100 ppm) & 5% of m.v. (> 100 ppm)
SO2 Measurment
Measuring
Range 0 to 5,000 ppm.
(V)
Accuracy +10 ppm (to 400 ppm) & £5% of m.v. (to 3,000

ppm) & £10% m.v. (to 5,000 ppm)

Humidity Measurement

Measuring 0 to 100%RH.

Range

Velocity Measurement

Measuring 200 to 9,999 fpm

Range

Differential Pressure Measurement

Measuring +40" H2max &+0.04" H2max0 (0 to 8" H2max0)
Range & £5% of m.v. (8 to 40" H2max0)
Storage 220 to 50 °C (-4 to 122 °F)
Temperature:

Warranty

Measurmg 24 months

instrument

Probes 12 months

Heated Umbilical 6 months

02 cell 18 months

CO, NO, NO2

SO2 cells 6 months
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Daily heat demand profile for a sports centre.

0339 35 0 S Gl diliey (Tl G5yl GLOLE Hlogei —N-F Sl

www. Par sbook. Or g



kWh,,
1000
900
800
700
600
500
400
300
200
100

www. Par sbook. O g

Single unit

Conventional
boiler

Part-load operation

Conventional

boiler
Cogeneration -

2000 8000 Hours

KWh,,
1000
9200
800
700
600
500
400
300
200
100

Single unit plus thermal storage

Full-load operation
with thermal storage

Cogeneration

T T

2000 4000 6000 8000 Hours

kWh,,
1000
900
800
700
600
500
400
300
200
100

Two cogeneration units

Part-load operation

Cogeneration 2

Cogeneration 1

2000 4000 6000 8000 Hours

Thermal load duration curve for a hospital: a) for a single 300 kW,
cogeneration unit; b) for the same unit with thermal storage: ¢) for two

200 kW, cogeneration units.
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