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UWhy enthalpy is important — materials response modeling

Background

UFor an inviscid adiabatic flow total enthalpy is conserved

Uinference of total enthalpy from calorimetric

measurements (Fay-Riddell) [Profiles]

\ Re qs a
HCL _ ff tag

K P stag

Uinference of total enthalpy from energy loss in the system
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Arc Jet Operation
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* 1964 Winovich
For enthalpies 2.3-23 MJ/kg

Bulk Enthalpy Correlations

H,=(123/0)>"

* 1993 Shepard, Milos, Taunk

H,=(158.7/0)""

Sonic Flow Parameter (units of s/m):

c=w/AP
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H,=(C/o)" > H,=(C/o)’

Goals/Motivations

* Does C depend on argon content?

 How does a dimensionally correct calculation
compare with the current calculations?

 How does a dimensionally correct calculation
compare with a different enthalpy calculation?
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Method

Parameters measured in |n|t|a| Guessing
the Arc Jet and gathered A
from historical data

P h Find h, for Retrievey,
tr M Tt
P and S,
= n
Assume Arc Heater. Find the enthalpy Retrieve y, and S, for
pressure and stagnation value closest to h, corresponding h, and P,
pressure are equal for P, from table E ————
If not
suffiltlzie:tly lterate
t
ngsas ;16‘5?1 NO Calculate P* as a
g & function of P, and v,
Compare i
kg Ulhy,h*) Find P*(P, Vo)
U(ho,h )-a*=0? o’ S* a* h* orYo
YES Caléiilate Satie Select a $* that is closest to S,
Velocity at P* and find throat
parameters from table
4 s ,
success If velocities are the same, or difference
= Hnew:ho between them is sufficiently small,
then new enthalpy H=h,
\
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Method

Parameters measured in ng

the Arc Jet and gathered — \

o Retrievey,

from historical data ands, |

Retrieve y,and S, for
corresponding h,and P,
from table

Calculate P* as a
function of P, and vy,

Compare F|nd
L U(hy,h*)-a*=0? H Uho,h¥) H S* a *H P*(Ps,Yo)

Calculate Sonic Select a S* thatis closest to S,
Velocity at P* and find throat
parameters from table
Success ( If velocities are the same, or difference
>L Hnew=h0 between them is sufficiently small,

then new enthalpy H=h, Sandia
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Method

Initial Guessing

A

Find h, for Retrievey,
P, and S,

Y "E—

Assume Arc Heater Find the enthalpy
pressure and stagnation  value closest to h,

_,

Retrieve y,and S, for
corresponding h,and P, :dayo

pressure are equal for P, from table ———
Lu(ho,h*i-a*:O? = " | S* 2% h* J<—L P*(Po Vo)

= .
YES i —— Select a i that is closest to S,
Velocity at P* and find throat
parameters from table

success ( If velocities are the same, or difference
‘;L Hnew: h0 between them is sufficiently small,

then new enthalpy H=h, Sandia
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Method

Parameters measured in Initial Guessing
the Arc Jet and gathered
from historical data

|
Find h for Retrievey,
[ P | ‘ ’ ‘ I ‘ and S, h‘

_)i Py = pre Calculate P* as a
i function of P, and y,
F 3 ( \ ( \ ( \
Compare . Find *
U(h,h*)-a*=0? Ufhyh7) BSES \ P¥(Po Vo) €
o’ . Ja /
\_ : J . y, \ y, \ J
h YES CalfilatE SRl Select a S* that is closest to S,
Velocity at P* and find throat
parameters from table
Succe

> H,..=ho J between them is sufticiently small,

L then new enthalpy H=h, Sandia
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Method

Parameters measured in
the Arc Jet and gathered
from historical data

Find h, for
Ps

Retrievey,
and S,

[ —

Find the enthalpy

’ = Retrieve y,and S, for
P, Pe=Po szl:f c;?c?r?siatcbjlzt correspondiong h, ;nd P
Assume Arc Heater ° from table
If not : '
sufficiently Iterate ;
small, then I v 0
guessnew h,| NO Iterate _\ [ \
CalculateP* as a
Compare function of P, and v, ) e
U(h,,h*)-a*=0? i i
U(hy,h*) g ok i3 PHPove) [
YES T
CalEiTETESaRTE Select a S$* that is closest to S,
Velacity at P* and find throat
success If velocities are the same, or difference
Hnew:ho between them is sufficiently small,
then new enthalpy H=h, Sandia
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Method

Parameters measured in |n|t|a| Guessing
the Arc Jet and gathered A
from historical data

P h Find h, for Retrievey,
tr M Tt
P and S,
= n
Assume Arc Heater. Find the enthalpy Retrieve y, and S, for
pressure and stagnation value closest to h, corresponding h, and P,
pressure are equal for P, from table E ————
If not
suffiltlzie:tly lterate
t
ngsas ;16‘5?1 NO Calculate P* as a
g & function of P, and v,
Compare i
kg Ulhy,h*) Find P*(P, Vo)
U(ho,h )-a*=0? o’ S* a* h* orYo
YES Caléiilate Satie Select a $* that is closest to S,
Velocity at P* and find throat
parameters from table
4 s ,
success If velocities are the same, or difference
= Hnew:ho between them is sufficiently small,
then new enthalpy H=h,
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Results: H =(C/c)’ — H,=(155.8/0)’

Less than 25% Argon ;
300 [ | . . Histogram of C
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Percent Argon Constant, C

* The constant, C, varies, but not as a function of argon. It
approaches a normal distribution.
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Results: H =(C/c)’ — H,=(155.8/0)’

Less than 30% Add air

Less than 150 g/s Add air
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 The constant, C, varies, but not as a function of add air
content of flow field (absolute or percent)
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Results: H =(C/c)’ — H,=(155.8/0)’

10% Error and below
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* The constant, c, does not vary as additional uncertainty is
R Al introduced in EB2 calculations
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Results
<H% EBRZ error 5-10% EBZ2Z error >10% EBZ error
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Results
95% Confidence Limits of the Three Methods * The three
45 methods are
40 ® New — nearly
o 3° ® Winovich —— eqUivalent
-é 30 Shepard FE over Iarge
2 25 range of
§ 20 when
< 15 confidence is
S 10 introduced.
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* We can find one value of C and it does not
depend on the argon in the flow

— or the amount of add air, or correlate with EB2
Uncertainty

* The dimensionally correct calculation is at least
as accurate as existing calculations

— compared to EB2 data

* These results apply to the NASA Ames Arc Jet
Facilities
— Applicability to other facilities has not been studied
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Comparison with EB2 values
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Method

Parameters measured in
the Arc Jet and gathered
from historical data

_ Find h for Retrievey,
Pe,m, B and S,

Assume Arc Heater
pressure and stagnation
pressure are equal

InitiaIGuessing

Find the enthalpy
value closest to h;
for P, from table

Retrieve y,and S, for
corresponding h,and P,
from table

If not
sufficiently
small, then
guessnew h,| NO
Compare

U(hy,h*)-a*=0?

21

YES

Success

Iterate
Calculate P* as a
function of P, and vy,

Find
U(horhy!= H S* *h* H P*(POIVO)

Select a S* thatis closest to S,
at P* and find throat

Calculate Sonic

Velocity
parameters from table
( If velocities are the same, or difference
= HnEW h0 between them is sufficiently small,
L then new enthalpy H=h,
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Method

Parameters measured in Initial Guessing
the Arc Jet and gathered A
from historical data f \
[ P,, M, h, CalculateP* as a
1) function of P, and y,
4 b ( ) ( ) ( \
Compare o Find *
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a0 [T Ul [T g e (] Pk
\_ . J \ Y, \_ y, \. J

Compare % :
L S s o Selectai thda?lsdclzsest oS,
- Velocity atP* and tind throat
parameters from table

= between them is sufficiently small,

L then new enthalpy H=h, Sandia
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Hnew:ho




Find the enthalpy 1
value closest to h,
for P, from table

If not
sufficiently
small, then

guessnew h, | NO

Iterate

Compare
U(h,,h*)-a*=0?
YES
Success (
>L Hnew:ho

Retrievey, \n_
and S,

Retrieve y,and S, for
corresponding h,and P,
from table

If velocities are the same, or difference
between them is sufficiently small,
then new enthalpy H=h,
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the Arc Jet and gathered
from historical data
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pressure and stagnation
pressure are equal

InitiaIGuessing

Find the enthalpy
value closest to h;
for P, from table

Retrieve y,and S, for
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