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Reacting Flow Issues
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Combustor Calculations

« c*oc (T,/MW)Y2

* Must include effect of product dissociation for
rocket chamber calculations
— will decrease T, and reduce MW

» Peform adiabatic flame temperature
calculation with full equilibrium products

— pressure = chamber pressure
— total enthalpy unchanged
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Example Method — Gaseq

2 Gaseq X
File Edit Units StdProblems Midures Constraints Help
Typ - Input File Page Title
Adiabatic T and composition at const P ‘g o ‘ i‘ ‘ ‘
Products
* View Species
Species Mass MassFiac K Species Mass MassFiac K
H2 1.00000  0.20000 H20 443861 0.88772
02 4.00000  0.80000 IEkls 02 9.815¢-04 1.96e-04
H2 049078  0.09816
CleaiBeacts | Clear Prods | |0H 005936  0.01187
H 000903  1.81e-03
0 000122 2.44e04
Clear All| R2>P | BecP | [ns 1.549e-05 3.10e-06
.Phi | 1.984  Set. | UniformT
H O Product:
P — Temperature, K 3168.2
Laleutate (F10) Prossure. atm
Volume Products/Reactants 8 5428 \
Moles Products/Reactants 0.80892 T
0.055 HO, kd/mol 0068 A ad
149.932 S0, J/mol/K 252.712
28.968 Cp. J/mol/K 46.397 |~ 'Y
3 1.403 Gamma, Cp/Cy 1218 € products
i 8.05 Mean Molecular Weight, g 9.95
Auto-increment a -
roactant cone. 92,7928  Densiy. koim3 s — MW
or property by : ound speed, m/s
double clicking 6.98 Enthalpy, H. kl/kg 6.88 products
it. 13867 52 Entropy. 5. J/kg/K. 21544.91
30295  Intem Energy, U, ki/kg  -2639.88
-4153.38 Fiee Energy. 6. ki/kg  -68252.20
3598.20 Cp. J7kg/K 4661.93
0.2462 Volume/male. m3 2600 v
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Equmilibriurﬁ Combustor Chemistry

* Peak in T4
near
stoichio-
metric £
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*Peakinc* <
(& Is_pocc*ct) =
for rich
mixture?

low MW!
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Pressure Effects

’ R.alse P, 4000 50
higher T4 e
(less dis- 3500 | - T, | .
sociation) @, f -

* Also ;§ lsp const y nozzle™ | o
increases 2 2500 | 7

< c* _q 2
MW o 2000 | = —

* Slightly = MW = |
higher c* 1500 | -

* I, higher for 1000 H,-0, 100 atm i

Same Pe 0 5 [stoich10

O/F Mass Ratio
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Nozzle Chemistry

« What happens to chemical composition in
nozzle?

» As velocity increases
— temperature and pressure decrease
— will lead to change in composition

AF4451




Isentropic Expansion

+ Constant y is a very poor assumption for high
temperature rocket product gases

— can't use plp,=(T/T,)""* J

— even worse assumption P, p' P.
if gas is reacting fp\
« Can still calculate isentropic

nozzle expansion for two cases
— flow stays in equilibrium A

through nozzle (shifting equil.)
— flow is frozen - composition

can not change
— find h (and thus
u) that matches givenp and s
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Ele Edit Units StoProblems Mixtures Constraints Help

—Problem Type rInput File Page Title

| Adiabatic T and composition at const P Lgl r ‘ |

Products

| | View Species 2]
Species NoMales MolFlac K Species Mo.Moles MolFrac K
02 0.21000  0.20000 Dele H20 041418 0.48709
H2 0.84000  0.80000 e 02 4.677e-05 550e-05
H2 0.41565  0.48881
Cleareacts | Clear Prods UH 0.00560  0.00659
0.01473 001732
1.178e-04 1.39%-04
clear all| R2>P(( A DB, 7144607 8.40e-07
Stoichiometry, Phi | 2.000 _ Set.. | UniformT |
o = : ™~
300, Temperature, K 3156.2 i
Caloulato [F10) empetslure, | Want to examine
Volume Products/Reactants 85200 H
Moles Products/Reactants 0.80984 eXpanSIOn Of
0.055 HO, kJ/mol 0068 A
149.822 S0, J/mol/K 252.227 prOdUCtS
28.967 Cp. J/mol/K 46.314
5 1.403 Gamma, Cp/Cv 1.219
P . 8.01 Mean Molecular Weight, g 9.89
uto-increment a .
actant cone 32.5474 Density. kg/m3 3.82014
o Iz 660.6 Sound speed. m/s 1797.5
double clicking 6.91 Enthalpy. H. ki/kg 6.91
it. 13919.99 Entropy. S. J/kg/K 2162320 «
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Fle Edit Units StdProblems Mixtures Constraints Help
- Problem Type - Input Fils Page Titls ———————————
Fdiabalic compressionfexpansion Bl [ i |
i} Products
View Species
Species Wo Woles  Molfrac
H20 039523 0.60345
02 00000 1.53e-03 Add Delate
H2 021221 032401
OH 002138 0.03264 Clearfieacts | Clear Prods
H 002375 0.03626
i} 000137 210803
H202 58210688506 Cloar AN][ | B2>B ) Hesh
Stoichi _Phi | 105515 Set_| UniformT
Ho n Product
35364 Temperature, K o Te Y For p =
Pressure, atm e
Volume Products/Reactants  [42 9250
Moles Products/Reactants  1.00000 l atm
0.059 HO. K imol 212 A
269.347 50, J/mal/K 231.059
48.970 Cp. J/mal/K 40.967 - Ye
0 1.205 Gamma, Cp/Cv 1255 |
Autos . 12.20 Msan Molsculat Weight, g 12.20.
uto-increment a . L
e etomen 1.2038 Density. kg/m3 0.09793 MW
el il 1703.4 Sound speed. mfs 1139.0 e
double clicking 566 Enthalpy. H. ki/kg 7577 71
it. mﬂm,a\ Entropy. 5. J/kg/K /ma-m,ss v
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Fie Edit Units StdProblems Mixtures Constraints Help
 Problem Type rInput File Page Title
[ Adiabatic compression/espansion I Frogen Che: ‘ i i |
R Products
| View Species

Species NoMales MolFiac K Species Mo.Moles MolFrac K
H20 0.39523  0.60345 R o H20 041998 0.66655
02 0.00100  1.53e-03 s LEED 02 9.567e-09 1.52e-08
HZ2 0.21221  0.32401 H2 0.20994  0.33319
OH 0.02138  0.03264 ClearBeacts | Clear Prods | |OH 2.058e-05 3.27e-05
H 0.02375  0.03626 H 1.472e-04 2.34e-04
a 0.00137  2.10e-03 i 1.080e-08 1.71e-08

21e-06 _8.89¢-06 cloar Al | R2oP | Reee | (050, 4895¢-11 7.77e-11

105.515_ Set.. | UniformT

Praduct

it. mﬂqu,f’\

Entiopy, 5. J/ka/K /1334[1,51 v

Temperature, K — Te ° EXIt
Pressure, atm
Volume Products/Reactants
Moles Products/Reactants 0.96205
D063 HO, kd/mol 103263 A
269.347 50, J/mol/k. 240174
48.970 Cp. J/molsK. 44.403 - Y
4 1205 Gamma, Cp/Cv e B
. 1220 Mean Molsculst Weight, g 12,68
A:‘E“;c':‘:r:f"':'jr'l“‘:“ 4.2038 Density, kg/m3 0.08512 o MW
el 1702.4 Sound speed. m/s 1209.9 e
double clicking 566 Enthalpy, H. kJ/kg 8143 47

compasition
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Frozen and Shifting Equilibrium
H,-O, O/F=5.33
. Both cases 5000 [ 12000
have same . | { 10000
entropy
« T drops ’gsooo { 8000 g
faster for 3 =2
frozen flow g ?°% 1% <
|_
* Ug (Isp) 1000 1 2000
lower for
frozen flow 0 2000
001 01 1 10 100
p (atm) <= Downstream
s AF451
G ‘ (2=
e Sl
Shlftlng Equmbrlum Composition
* As T drops,
minor species H,-O, OF=533
recombine H,0 '
H,OH i / —
. (Ch ) | 06 | HO Frozen ™ 1°* g
emica = [ | ——H20| Chemistry S X
energy T | Sl oo £
convertedto X o5 (22228, H ./ 4
thermal energy Q i ""82 J/ /OH 1002 =
-0 /o7
« T does not have s o4 | S )
to drop as much L 7 100t x
to reach same p 0a L 2 7= =1,
gﬁgﬁggcnvely 0.01 0.1 1 10 100
p (atm)
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Area Ratio
H2-02 O/F=5.33
- Comparedto 1% — ] 5000

equil. case, ~~..._Equilibrium| — a/ax| 1

frozen case 80 [ 1 4000

requires Frozen NS —u ]

— larger ]
expansion % ] 30
ratoto < ]
achieve < 40 } { 2000
same u, ]

— lower 1 1000
expansion 1
ratio to
achieve 0 0
same p, 0.01 0.1 1 10 100

p (atm)

u (m/s)

Rlonequilibrium Nozzle Flow

For adiabatic nozzles, I, will fall between the frozen

and equilibrium limits = not isentropic! —

nonequilibrium flow

— chemistry isn’t so fast compared to nozzle
expansion rate, so composition can’t stay in
equilibrium, but not so slow to be frozen

* Tchem VS- Tiow
— tends to get more frozen later in the nozzle
colder & lower p= low reaction rates = 1., I0Ng
AND velocity high = 1, short

» Can solve nonequilibrium by
— including RATES in conservation/flow equations
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