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Chemical Energy

If we knew our product composition, we can find T, from
energy conservation
— the chemical energy of the reactants is converted to
thermal energy of the products

Example hydrogen/oxygen |

rocket combustor My - T

— with no (shaft) work Moy prod» T i
(+ steady, adiabatic) T

energy conservation gives
mHz hon + moz hooz = mprod hoprud
— should equation change whether reaction occurs or not?

No, so chemical energy needs to be included in the stagnation
2

enthalpy h, u )
N, = € ema + PV + > +chemical energy

0

=sensible enthalpy, e.g, for TPG dhg,,c =c dT
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Reference State

* Recall, that we can define Idh :IT o dT
a reference point for I P

sensible energy (h—href )sens =LT c,dT

—e.0., hy,=0 at T=298K h,. :IT ¢, dT
« But does that mean at 298 K, 28K

0=hy,,= hy=ho,=ho=hy; 0 ? h=hg. +€4en

* We need to define a reference
point for chemical energy
— e.g., a chemical state that has zero
chemical energy
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Chemical Energy Reference
+ Consider the energies of O, and O O, <> 20

* Is energy of O more
A 7
e or less than for O,?
2Ho 7 AE
H et = 2Echem,O - Echem,Oz

* Which has zero
chemical energy?

» Difference in energy
between species is
function of temp.

= »
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Chemical Energy Example

« What happens if we have multiple nuclei types?
— ways to define zero chemical energy state

» Example: various H and O containing species
at fixed temperature o
H —

H O H, o,

H,0

Echem HZO Echem
o 2008017, 201 by dry .S A g s AF6450 Rockel Propuision
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Heét of “Reaction”

* What is energy difference between 2 chemical
states if p,T doesn’t change, e.g., H,+1/20, <> H,0

Heat Of AH R = Echem,HZO _(Echem,Hz +1/2 Echem,Oz)z H p H r
Reaction
AHg < 0, exothermic 0
> 0, endothermic H _—
H O @)
0 77'? A A - L _2
i i
I H v H O ] AHR
X i 2y 02 2
]
X |
AM I |
Echem v HZO Echem
om0 017, 208 by dry .Sz, A g s AF6450 Rockel Propuision

Ifnthalpy (Heat) of Formation

+ Two common ways to define zero chemical energy
state (i.e, composition) - this state defines the

elements

— (neutral) atoms NASA Tables

— most common form of a single JANNAF
tTyg(raK?Lnuclel at standard He, Hy, Oy, Ny, C (S) graphite »- -

* Can define the chemical energy of any species

relative to these elements IIE:nthalpy of

— how much chemical energy difference ormation
between ONE mole of species i from Ah?_
the elements at some fixed T and T
standard pressure (°) o

— or ONE unit of mass Ath,i

Gt €t 11,2019y . et s s AE6450 Rockel Propulsion
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Enthalpy of Formation Example
Consider again O, and O 1/20, <0
ht "1 Using JANNAF def’n.
AR * What is enthalpy of
froor0 formation of O,?

* What is enthalpy of
formatlon of O?

Ah o .
Y2k, AR7,,=o(T)-1/2R, (T)
i
1oooT(K)
* What is chem. energy
change at 500K for
H,+%0,—> H,0?
g1, 207, 13y e .S A o - AE6450 Rockel Propiilsion
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Heat of Formation Example
+ Consider again O, and O /20,0

— 4

» What is the enthalpy
change going from
% mole of O,@298K
to O@ 1000K?

AH =1h,(1000K )-1/2h,, (298K

o,
1000T( ) entha|pyenthalpy

—ho(298K)] +AR? )

f 208K,0 )1

(1000K )]+ Ahfmoom}le- y:{[ﬁoz (000K ), (298K)]
{[h (L000K )~y (OK )} aR?, . | ﬁ—}/{[ho 0K ), (298K )}

![ho (1000K )—
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e e ——— Hﬁ450”0¢'l[0/PIOﬂlllil0ll




Ge(_:i_rgla 'lw

echl]!
General Expression for Enthalpy

g

So from the previous path example, we can
write in general for a species i

h(T)=h| +Ah? = Icp,dT +Ah¢
Thret Tref * Tref ol

Trer \F for an ideal

sensible chemica ga? (TI?_G),

# Tunction

term term (pressure)

* Or on a per mass

basis )= Jo, dT +AR°,
Tref e

oo 2o 2517, 261 by ey . S, A g e » AF6450 Rockel Propuision

Example Enthalples of Formation

Species Ah 129815 | gpecies AR®; 5515
kJd/mol kJd/mol
From NIST-JANNAF

Al (s) 0.00 24183 (atabase 4" edition

AlLO(1) -1620.57 NH3 -45.90 (1998)
co -110.53 N,H, (1) 50.63 (e.g., kinetics.nist.gov/janaf)
CO, -393.52  NO,(l) -19.56  can find newer updates
CH, -74.87 (0] 249.17 to data
H 218.00 OH 38.99

High formation enthalpy species
-H,O

Low formation enthalpy

— ALO,, CO,, H,0

Why?
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Composition Influence on Temperature

[ m ‘ ! T o
* Soifthe products m_’ mpr;d prod
have more H, O, T YHZHZ\?OZ

H,, O, vs. H,O Yo Yu
i o
— Torog WIll be_ H
lower than if we H o
could shift them 2 T2
toward water H,0
Ahe;
e A —— AE6450 Rockel Propulsion

EX.: I\/-Iet_hane/Oxygen Comb. Chamber
Qloss

- Given: Moy, Dmoom 10 bar
- Mo, Myrods
mothancand P 100 =
oxygen entering non-adiabatic
combustion chamber at 298 K, 10 bar
— Mass flowrate ratio of oxygen is 5x that
for methane
— Heat loss results in 1000 K product
temperature
* Find:
— Heat loss per unit mass flow, Q. /m
* Assume: steady state, negligible KE

e AE6450 Rockel Propulsion




Ex Methane/Oxygen Comb. Chamber

Qloss /m =?
Solution Mes, 1000K, 10 bar
m02 mprod’
298K, 10 bar - Y.

st 2 AF6450 Rocket Propitlsion

Ex Methane/Oxygen Comb. Chamber

. Qe /M =2
Solution Mo, D 1000K, 10 bar
m02 n"]prodv
298K, 10 bar e Y,

s e —— AF6450 Rocket Propuilsion
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JANNAF Table Extract

M, = 44.0098 Carbon Dicxide (C05) C:0:(g)
AHTOEY= —35151 = 0.05 kI-mcd™" | Enthalpy Rebereecs Tempersture = T, = HEIS K m-.um_lmu Presure = p* = L1 MPa
(15 K) = =393 522 £ 0,05 ki-mod ™! PR ' S
th .. TR or FO-lE-RTaNT HR-NYTa AT agqr kg K,
* From 4 ed|t|0n ¥ ik, i, INFINITE —-Smd s 30LESL  INFINTTE
Pl 0308 ITRODT 240558 — a3k =310k =301.580 M55
i) RAK raTs 207045 -1414 = 304085 iorszd
WA nams NLMS [ =193 =3 ERNE
300 N1 TS 1AM anss  -39357 — 3535 BEST
a0 A3 I 5 ApE  -373.883 —294874 155
o] et TSN R0 B3I — 391,650 — IR 4175
[ - v | T 1R ILT - M0E -355.141 JeaH
TOO 3864 AT IXEaER IT25 —201.583 -151. I
B0 SLAGE  ISTASe  IINSRS IIEDE 39438 —353.350 TIETR
00 prko] FL TS O ] IR0 ~ 198408 -345T48 TR
MO S4O0E MearR g0) 33397 -1B9LEN = JaLEme 060
100 55409 J7AS2E 1ML IEAEE  -394EM — 350 ]
X0 ST FmaN0 1o 471 —W5W0 — 156058 1733
1300 FLIIT IERSOE 1AAAES a4 -mR28 - 30T [LET
[ ra) §TEZ REATI 141365 I58R5 —-3hAa ] 474
n30n SE3T9 Iam 151062 61T —MhAR =ik 13E00
THAsA 153,753 56 - ¥5 AT —FHIL 12a
:% i;'_ﬁ%’ TPSSS  ISA143 TIARD -0 = ¥ 12ITR
Ll 8901 300058 I51.890 A1 =M1 = ¥6A53 TL50E
D ALME S0EDIS 1S134E B4R =¥SQ Faa4n 1039
00 kL] A2 poalrl] B = ol Thd ¥313 12351
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Specific Heat Polynomials

» Data also available in polynomial forms
* NASA polynomial form for specific heats

CP 2 3 4 CP
E=a1+a2T+a3T +a,T +a,l" ==

T R
ﬁsensible,i (T )_ Hsensible,i (Tref ): Iép,i dT

Tref

« Examples (valid for 1000-3500 K)

O, 3.28254  1.4831x10°3 -7.5797x107 2.0947x101° -2.1672x10%4
H, 3.33728  -4.9403x10°5 4.9946x107 -1.7957x1071° 2.0026x1014

H,O 3.03399 2.1769x10° -1.6407x107 -9.7042x10 1.6820x10'4

Gt €t 207,209y . et s s AF6450 Rocket Propuilsion




