


-~

NARUIN .

M5190 1.1 — .12 Selected thermodynamic properties of gases comprising
C-H-O-N system
13190 R.13 Fuel Properties

M13190 R.14 Select properties of Air, Nitrogen, and Oxygen

60



61

. {kaLmol}

{298))

(-T)

g%iﬁ.f |

. .,‘(kJikﬁ:ol)

=

{I:J!kmoi-—l(}

e 12899
LY / 17549

503 28047
4360 - 33,425
5333 3sen

50,449

S T3ANG
79,399

VU043 o T 9bAD
TNy ST
80966 103,362
o 61185 L 109,670

B B ; L TE3.798

28,167
P 30254

146,677
152.891
159,116

. 6*9' ‘
&9, s,mi:

22810 -

| HRARS

55,852 -
51, {1\1 £
‘-(ﬁ,:ﬁ:hi [

C60108 - BS392

121941

pADATS

es351
170397 o0

1393487

393,546

—393,547

—393.617
~393 712

2391848
394,013
2394213

~394,433

. =354.659

- 398.K7S
— 393,083

59328 .
. 395.45%
=393.491

395897

396,010
R TRkY SN
- 396,564

| 396.808
- 397.065

39T
~397.626
-39T931
L AGRI8Y
~398 594

- 398952
— 399 339

~399.725
400,140 -
© 400,573
L =301.025

199876
213736

213.966

225257
234833
243 309
. 250680

257436
163 603

269.768

A

279 348
. 2B3NTE
CYME 2T
L2027 %

. 295.90%

299 489
302890
106,032
SIS 1 Bdage!
R Y e i
3009

17,75y

L

) 20k 333 .
32 Raz
"1,43-; 254

338145
« 390067
©3a193s
- 455
347242 0

348.922

,"-—394 126.%'

o -3‘M 433
304718

—394.9%3
~395.226

 —395,443
| =395.635
L -395.799

~ 395939
- 3360 54
~356,153
"lg’ﬁul]b
= 36, 3N

396,382
- 306, 08%

L
~396.434

-396.410 -
5% 396,383
396,349

~1396,194
—396.230°
- 396,152
396061
-39S 987
- 395440
- 395708
395,562
—375,403
—395229 .




AMIEEne -'H’;;d.rog.eh ), MW == 2 016, entholpy of formation @ 298 K fkiflmol) ot

62

i

- (R (T} — A2(298))
(kJ fkmol-K} (kI fkmol)

”LT)
(kJd Koty

(T
(k. fomnl-K)

()
LE X o

28,522 -~ 2815
G 887 '
0 R8T
BT T T 7
LA I Il
IR0 29 375
C T BERCETT
sy AT
B 9 792 .
O L NGO i X
T TAH2A 2RI
T TNk C 26 Ry

© 30 S S 19944

) -.,g

AFa
S
B’
ey
s
.
£
-nd
A =
5
=

-
e
=

: B
at

‘
= |
=
=
b
Lep
EFRRFIEE
.

S KLY

IR R

1 o onAl

T3 HEA
EE3

L

A
e Rt
P

A g car
LF ke
N
S we

Y

(A

3 i
INE1L

R 0L E

Ay N T
EE B B

' B

e -
i
1t
-
o S
-
ot

ST S

Yt frd v am -
A
Loy

£

AFA R
A
F 73

bR ek ek lad ad

CADEIST
107.566
111,395

0
4]
1y
S
{3
3
£
)
1]
K]
i

il

139 137
130,525
130,773
RUNETS
143 RA2
350 77
ISR ElS
1Sy 455
B3 Yk

e SER

s e
der Tl

TG 620 .
19% 187
BRI
iV 1148
197 358

8 9
R
BT
02 790
A 0T

205 206

6365

207.49%
208.600
209.679
110733

IR 3 1 B 1% S
o 2
nxade

e
i}
n
-
3]
11

¥

seecococoos oo



63

s
L I,fmmﬂ

l..!,l'l..nml "hj

SRUEN

o PHAZP

OSSRy

o = 56

PU“?' R B L
“* W’* o 1L P2

TR ARG

l!" i

e f\i‘!

o f 11!'1 (£ 41
S R Nl

o S b RCap

S TT02
S 119687
120,488

i1 ahE

R s WY
422,954

. Iﬂe“r Q’Hﬁ

o T
3553
3 (kS 2‘1 3
i‘" S

¥ wm
AT HS7




,I_in); MW =1 FGO? érﬁhﬁf‘;ﬁy of formotion @ 298K {Ua’kmdﬂ‘  :

. e (TYy — Bp(298)) it 7(T) 8(T}
o (kd fRmol) (ke fmoly {kI kmal-K) {kJfkmal)
e 2948 . - % S o OF ' '
0 3ees 183 604
E- BNy i%1.7RY
JAAT EUNTRT 192
6,007 SRR U AT 158 9
FMEE : LR R R E

R I pEN AT L
19 RES Rt
17, R TR
6 IR R i
T4 072 '

Y1845
T S
s
RN Y|

T3 A6

aw

SN 1

=
353 33 St ? N SN T

2 Ea 33386 A% sav 08 1 ANE
£l 16 HE1 : RESEES 5 16
AR R AD 174 S RYaRY 14753

_EreRT 435721 LTI i3s
Y 3L GG M 6 LB
L RAT S, 3718 S8 YT 13371
HA3 53,77 VR 247 248 g 1%
CEE 37284 PSS TAR GAY 7 E2A
8 &.759 Fhobif 248 592 f,458
4 63.2K9 TG REFREY 599
& 67,843 15,133 4R s 3,748
7 FLAMG . 33 Rl N A0
g FEDAT 1381 ERAxs i ke
TRALL O AS el TAD 8% 233
CE226Y i 254 20 X
83922 33 235,403 -~ 2,927
L 89,590 . - 3 256,737 . 45,245
a3ty ) ; 257.943 ~ 5,556
F6,970 3 259008 -6,EEY
. 3 260260 '

LO260.37)
262454 0



65

‘ ?'I ’3 -l:n! ml;:ajl ol fmﬂmfmrs L‘r‘ﬂ ?‘51!3 {lrjf[.-n-.,;;l} = 3

(.'f(:n Bawn | R ey iy
{k.!ﬂ».mn!} {Lifkuml'r - (RSfkmat-K), - (kJ’ i.:m:l}

E -

2R4E o Covmase g
B S BESEE gy
R 1 v Pt Gy it
29% i G

i

Slﬁ

4%

3 - 2 G .
IS0 noo
CRJADS —_ L : i) £
irerr , ¢t hE G
§ 5.0, ' | N 5}
pgawe 0 ey 1
pARE 1411 E i Ric 11
ER o i i
SRS 0 Rt A
FE AT I ‘ " TR St i
RS = hEE K
IR0 - i hEY] 5
245,894 i EERS ¢
43423 f k1Y e
48571 ' TaK 0
32 341 By 240 G
54513 Iy 23 o
\ 9,738 i k) i
5,360 f z t
£ X &
0 Rl D
i} TR OYD S

48 TS PR Wy JSaf -
£ P NET T R
L L 8 Tsa i1,

13







67




68

246 (.m-, '
CRE.5%%
-"35-;344‘!
"&34;1&13@. :

RS, 1 ~'vnﬁﬁ?1
JI9.V65 W . uBARE -
IpEg. T T mowy T g e
S18249 0 7 gpdest L 2aroel R
1R BH0 S S0M - 244000 T e
22241 .' ST 90,443 TR aEE ] IRy
25,669 S ARARS - - DAL FMa
LO2UERG 6

ARG
vﬁ,l i(’

SRCE N T

", M‘-J
b:’; |i)’i N

=4x.,,r.1 ,;tm,..,,\s'
CAG 935 = ‘*;*‘n %‘w,‘

5? RSJ

IR NE
GITR2
B35
““\ l‘-J“ R 1ot A
Sy I SROTH
‘;:z"-‘z'rw‘ e N

Ak

A

Ygaer.
94,406




69

B507
£9aE

AGEA

2300
23K
42




70

19,048
243507
246,852
349,975

i)

LA

L 266,339,
262,577
264,707
EhG.T2Y
2681656 ,




1




A~

72




73

Zaatot

A

34919y
85974

e



™

74




NIARHIN Y,
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fiaeenq uam%unaumim Adiabatic flame temperature ﬁqmﬁg’ﬁmmﬂ 298K
Taely T1)suns HPFLAME
1) ladangepmIsTuIsfruL §afl

Adiabatic Flame Calculation for Specified Fuel, Phi, P, & Reactant

Enthalpy Using Olikara & Borman Equilibrium Routines

Problem Title: USER SPECIFIES TITLE HERE

1.475  /CARBON ATOMS IN FUEL

4.5 /HYDROGEN ATOMS IN FUEL

0.6  /OXYGEN ATOMS IN FUEL

0.05 /NITROGEN ATOMS IN FUEL

0.80 /EQUIVALENCE RATIO

1000  /TEMPERATURE (K) (Initial Guess)

101325.0 /PRESSURE (Pa.)

-81543.725 /ENTHALPY OF REACTANTS PER KMOL FUEL (kJ/kmol-fuel)

2) 1A Save&Run 9314
Adiabatic Flame Calculation for Specified Fuel, Phi, P, & Reactant

Enthalpy Using Olikara & Borman Equilibrium Routines

Problem Title: USER SPECIFIES TITLE HERE
Data below are as read from the input file. Compare with INPUT.HP. If they do not agree, your input
data have not been entered correcily.

CARBON ATOMS P OXYGEN ATOMS 0.6

HYDROGEN ATOMS 4.5 NITROGEN ATOMS 0.1

EQUIVAILENCE RATIO 0.800
TEMPERATURE (K) guess 1000.0
PRESSURE (Pa) 101325.0

ENTHALPY OF REACTANTS (kJ/kmol fuel) -81543.7
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FLAME TEMP. & COMBUSTION PRODUCTS PROPERTIES
Flame Temperature [K] = 2126.16
Mixture Enthalpy [J/kg] = -0.1908E+06

Mixture Specific Heat, Cp [Jkg-K] = 0.174287E+04
Specific Heat Ratio, Cp/Cv =1.2106

Mixture Molecular Weight [kg/kmol] = 28.1787
Moles of Fuel per Mole of Products = 0.06593431
The mole fractions of the product species are:

H: 0.00008515 O: 0.00031365 N: 0.00000000
H2: 0.00054613 OH: 0.00282649 CO: 0.00176774
NO: 0.00442726 0O2: 0.03601337 H20: 0.14635024

CO2: 0.09548536  N2: 0.71218459 H20: 0.14635024

3 o ' = = =

3) iife Tilsunsudinisiszuanands 92 18A1 Adiabatic flame temperature NgUMgTUBIDINIATN
v @ ¥

dWfoam Tl 298 K 5auiana1en uatudiiildidiosn1 Adiabatic flame temperature ¥8391017M

2115811171 Adiabatic flame temperature NgamMglivewnialag i1 oum Ind1d Taeldaueu

@« Il "
matl yeemsaadun 1ds 1w B lunsans.e
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Nomenclature
1J = 2.3885 %10 keal = Encrgy
3600s = 1 br = Time
a Molar oxygen-fuel (kmol/kmol)
A/F Mass air-fuel ratio (kg/kg)
¢, ,_p Constant-pressure specific heat (J/kg-K or Jkmol-K)
c, ,Z Constant-volume specific heat (J/kg-K or J/kmol-K)
F/A Mass fuel-air ratio (kg/kg)
hr, X 7 Enthalpy of formation (J/kg or J/kmol)
H,hh Enthalpy (J or J/kg or J/kmol)

AH,,Ah,, Ah. Heat of combustion (Heating vatue) (J or J/kg or J/kmol)
AH ,,Ahg, Ahg Enthalpy of reaction (J or J/kg or J/kmol) =

HHV Higher heating value (J’kg)

LHV Lower heating value (J/kg)

m Mass {kg)

1;1 Mass flow rate (kg/s)

MW Molecular weight (kg/kmol)

N Number of moles (kmol)

P Pressure (Pa)

Q.q Heat (J or kJ)

Q,é Heat transfer rate (J/s = W or W/kg)
R Specific gas constant (J/kg-K)

R, Universal gas constant (J/kmol-X)
T Temperature (K)

v Velocity (m/s)

vV, D Volume (m3 or mzlkg)

X Number of carbon atom in fuel




2N

y Number of hydrogen atom in fuel

Y Mass fraction (kg/kg)
reek Symbols

D Equivalence ratio

P Density (kg/m’)

X Mole fraction

Subscribts

ad Adiabatic

A Air

cv Control volume

f Final of formation

F Fuel

g Gas

1 i th species or inlet

init Innitial

1 Liquid

mix Mixture

0 Outlet

prod Produet

reac Reactant

ref Reference

8 Sensible

sat Saturation state

stoic Stoichiometric

T t temperature T





