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ABSTRACT

This  paper introduces the foundational validated Python
reimplementation of the renowned Hypersonic Airbreathing Propulsion
(HAP) modeling framework developed by Heiser and Pratt, focusing on
trajectory analysis, burner design, and thrust performance modules. The
expanded program reinstates the original HAP technique through
modular code, an intuitive GUIL, and improved flexibility to model both
constant-pressure and constant-area scramjet combustion processes. A
trajectory estimate module, utilizing atmospheric and inlet compression
circumstances, calculates pre-burner states (station 3), whilst a
generalized one-dimensional flow solver simulates heat addition and area
influences within the combustor. The Python model results demonstrate
remarkable concordance with HAP outputs: the burner exit Mach number
aligns within 0.17%, static pressure and temperature ratios within 0.7%,
and thrust parameters vary by less than 0.2% in constant pressure mode.
Moreover, the Python tool incorporates constant-area combustion
features that were lacking in the original HAP, rendering it particularly
advantageous for parametric analyses, educational purposes, and
conceptual design. This study fills a significant research void by providing
a rapid, transparent, and validated substitute for the traditional HAP
system, facilitating wider use and expansion for contemporary hypersonic
propulsion research.

© 2026 Journal of Management and Engineering Sciences

1. INTRODUCTION

flight technology. The scramjet, functioning
under supersonic combustion circumstances,

The modeling of high-speed airbreathing engines poses distinct thermodynamic issues that require
is essential for the progression of hypersonic efficient, precise, and flexible simulation
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techniques. For decades, the Hypersonic
Airbreathing Propulsion textbook by Heiser and
Pratt has supplied the fundamental equations for
one-dimensional analysis of scramjet
components, utilized in their heritage DOS HAP
code. Nevertheless, the original program is
inaccessible  primarily to  contemporary
academics owing to obsolete platforms,
restricted adaptability, and the absence of open-
source availability.

A significant research gap persists due to the lack
of a proven, user-friendly, and expandable tool
that accurately mimics the HAP architecture.
Current literature regularly references HAP; yet
there are few, if any, attempts that provide a clear
reimplementation that aligns with its numerical
outcomes. This work develops a comprehensive
Python-based solver that replicates HAP's
analytical approach while enhancing accessibility
through GUI design, multiple combustion
assumptions (constant pressure and constant
area), and a clear modular structure.

This study has three primary objectives: (1) to
reconstruct the original HAP trajectory, burner,
and performance modules in Python utilizing
precise one-dimensional flow equations; (2) to
validate the model outputs against benchmark
HAP data with high accuracy; and (3) to offer a
lightweight, extensible platform for scramjet
cycle design, education, and preliminary
optimization.

2. LITERATURE REVIEW

The fundamental idea of hypersonic airbreathing
propulsion is meticulously articulated by Heiser
and Pratt [1], providing the analytical framework
for scramjet engine design and evaluation.
Roberts and Wilson [2] utilized these principles
in their study of a scramjet engine with a
transition Mach number of 4.0. Lim et al. [3]
investigated inlet layouts, emphasizing shape
transformation and compactness. Chakir [4]
performed quasi-one-dimensional scramjet cycle
modeling using the Heiser-Pratt methodology.
Capistrano and Toro [5] presented the
performance parameters of Brazil's VHA 14-XB
system. Sarosh [6] delineated an extensive
scramjet design methodology in a series of
lectures, whereas Martos et al. [7] exhibited
three-dimensional prototyping and performance
evaluation.
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The aerodynamic performance of the intake and
isolator was examined as part of the Fenix Project
[8]. Thompson [9] assessed the influence of
geometric scaling on engine performance. Ercole
[10] conducted a numerical analysis of the
HIFiRE 2 combustion chamber. Kumar et al. [11]
documented NASA Langley's comprehensive
research on hypersonic propulsion technologies.
Ground [12] concentrated on developments in
injection and mixing for scramjet ground testing.

Parker et al. [13] formulated a control-centric
model for airbreathing hypersonic vehicles.
Araujo et al. [14] employed multi-objective
optimization methods for propulsion design at
the vehicle level. Abbass [15] presented a
comparative model evaluating scramjet and
ramjet performance during dual-mode operation.
Agarwal [16] provided an instructional study
outlining the foundations of air-breathing
propulsion. Tran [17] developed a one-
dimensional solver for simulating
ramjet/scramjet flow paths.

Arecentreview by N. Author et al. [18] examined
combustion dynamics in dual-mode scramjets.
Musielak [19] provided a pragmatic overview of
scramjet propulsion technologies. Vu [20]
developed a quasi-one-dimensional solver
utilizing the NPSS framework. Constantine et al.
[21] addressed uncertainty quantification, while
Sciacovelli et al. [22] focused on shock-capturing
numerical techniques.

Redding et al. [23] simulated inlet unstart
phenomena, whereas Liu et al. [24] introduced a
high-speed reactive flow solver utilizing AMReX.
Anderson [25] provided critical gas dynamics
formulas relevant to high-temperature flows.
Kurzke and Halliwell [26], together with Turns
[27], supplied essential resources for propulsion
and combustion modeling.

Musielak [28] augmented her contribution via an
AIAA course. Choubey and Tiwari [29] elucidated
the combustion physics pertinent to scramjet
operation. Segal [30] examined the internal
mechanisms and propulsive attributes of
scramjets. Bruno [31] introduced a foundational
framework for hypersonic airbreathing systems,
whereas Ingenito [32] concentrated on subsonic
combustion ramjets. Keane [33] provided a
Python-focused resource for aircraft engineering
modeling.
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3. METHODS AND MODEL

3.1 Burner Flow Solver for Scramjet Using
Generalized One-Dimensional Theory

This section describes the Python-based
numerical solver that simulates the combustor
region of a scramjet engine with the generalized
one-dimensional flow theory proposed by Heiser
and Pratt. The model incorporates area variation
and axial heat addition throughout the
combustor length, calculating the progression of
Mach number, temperature ratio, and pressure
ratio using the governing equations of
compressible flow.

A fourth-order Runge-Kutta method is employed
to integrate the differential version of the Mach
number equation along the combustor axis. The
GUI enables users to enter essential boundary
conditions and geometric requirements, offering
both textual and graphical outputs for
engineering analysis.

Main Governing Equations:

1. Total Temperature Distribution with Axial
Heating

0.x

=1+ - 5% (1)
_ XX
X=2n )

o 17(x) =@: Ratio of local to inlet total
t2

temperature,

Tp: Burner exits total temperature ratio,
6: Heating profile shape factor,

x;: Combustor inlet position,

x: Axial location along combustor,

x4 Exit position of the combustor.

2. Mach Number Differential Equation

1dA | 1+yM? 1 dT;

Adx 2 Ty " dx

] @

M: Local Mach number,

y: Ratio of specific heats,

A(x): Cross-sectional area variation,
T (x): Local total temperature,

dr S
g Derivative of total temperature (from heat
addition),
o . Areagradient
.- Area gradient.

3. Static Temperature and Pressure Ratios

y-1,.2
Tx) _ Te(x) M 5Mp
T, Tz 142M2(x)

PO _ (M) (A2 [T

2 (M) (A(x)) T, ()
T: Static temperature at any axial point,

p: Static pressure at any axial point,

M,: Mach number at burner inlet,
A,: Area at Burner Inlet.

(4)

3.2 Trajectory Estimation Module Based on
HAP Revived in Python

This section outlines the implementation of the
Trajectory Module within the restored HAP. The
Python-based tool assesses the atmospheric
properties, freestream conditions, and post-
compression state at station 3 of a scramjet
engine operating at hypersonic speeds. The
model utilizes a standard atmospheric
framework up to a height of 47 kilometers and
calculates critical thermodynamic and flow
parameters, including Mach number, total
temperature, velocity, and pressure. The model is
GUI-driven and designed for instructional and
rapid parametric analyses, enabling the
representation of trajectory circumstances based
on dynamic pressure, inlet Mach number,
component efficiencies, and target burner
temperature ratio.

Main Governing Equations:
1. Required Static Pressure at Inlet

2
py = —2 (6)

YoM§

Po: Required static pressure at inlet [Pa],
qo: Dynamic pressure [N/m?],

Yo: Specific heat ratio of air (typically 1.4),
M,: Freestream Mach number.

2. Total Temperature at Inlet (Station 0)

Too = To (1 +12M3) 7)

2

T;o: Total temperature at engine inlet [K],
T,: Static temperature at inlet altitude [K],
y.: Specific heat ratio in compressed region,
M,: Freestream Mach number.
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3. Mach Number at Station 3 (Post
Compression)
2 T
My = |2 (F-1) (8)

e M;3: Mach number after compression and
before combustion,

e T,,: Total temperature at the station 0 [K],

e Tj;: Desired static temperature at station 3,
defined as T3 — YT,

e ¥.: Specific heat ratio post compression.

3.3 Performance and Thrust Analysis Module
Using Stream Thrust Theory in HAP
Revival

This section introduces a Python-based module
for thrust and performance analysis, created as
part of the revitalized Hypersonic Airbreathing
Propulsion (HAP) model by Heiser and Pratt. It
has a graphical user interface featuring two
modes: constant area and constant pressure
combustion. The module calculates specific
impulse, stream thrust function, pressure ratios,
and thermodynamic parameters at each critical
station (from input to nozzle exit) in the scramjet
engine utilizing one-dimensional compressible
flow relations and stream thrust theory.

The methodology considers component
efficiencies (compressor, burner, nozzle), heat
addition, fuel characteristics, friction losses, and
exit back pressure influences. The solver
incorporates real gas characteristics with varying
specific heats and is optimal for cycle-level
evaluation of scramjet systems.

Main Governing Equations:

1. Stream Thrust Function
RT
Sa=V (1 + ﬁ) 9

Sa: Stream thrust per unit mass flow (N s/kg),
V: Velocity at given station (m/s),

R: Gas constant (J/kg K),

T: Static temperature at the same station (K).

2. Thrust per Unit Mass Flow
= (1+f) - Say, — Sag — =2 (A10/Ao — 1)(10)
0 0

e F/mg: Thrust per unit air mass flow (N s/kg),
f: Fuel-to-air mass ratio,
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o Say, Saq: Stream thrust at freestream and
nozzle exit, respectively,

o A;y/Ap: Area ratio between the nozzle exit
and the inlet,

o Ty, Vy: Freestream temperature and velocity,

e hp,: Fuel heating value (J/kg).

4. RESULTS AND DISCUSSION

This part provides a thorough validation of the
built Python-based hypersonic propulsion model
by comparing it with the proven HAP software
framework. The comparison is organized into
three principal modules of the HAP system,
illustrated by Figs. 1 to 6. The trajectory module
(Figs. 1 and 2) is analyzed by comparing the
burner entry circumstances, including Mach
number, temperature, velocity, and pressure. The
results demonstrate significant alignment in
thermodynamic states, with negligible variation,
confirming the trajectory solver's accuracy. The
combustor design module (Figs. 3 and 4) is
evaluated based on station-specific outputs,
emphasizing Mach number, temperature ratio,
and pressure ratio at the combustor exit. The
Python solver verifies its capacity to replicate the
internal flow dynamics forecasted by HAP with
exceptional accuracy. Finally, Figs. 5 and 6 assess
stream thrust performance based on both
constant-pressure and constant-area
assumptions. The HAP software exclusively
manages constant-pressure combustion,
whereas the Python model can simulate both

types.

[ DOSBox 0.74-3, Cpu speed: 3000 cycles, Frameskip 0, Program: ALTRAJ

UNITS
(Tra jectory) TRANS-ATMOSPHERIC FLIGHT TRAJECTORY

freestream dynamic pressure qo = [CERRES N/m?

freestream Mach number Mo = 10.060
e velocity Up = [RLESIKEl ms
geometric altitude H = 33.53@m1

ambient temperature To = 232.414 K
ambient pressure po = 7.100E-01 kPa
freestream kinetic energy Uo®/Z = 4.671E+06 J/kg
mass flow per unit area poUo = 3.253E+01 kg/m-s
Reunolds # per unit length Resl = Z.159E+06 /m

burner entry temperature Tz =
inlet compression efficiency ng =
inlet compression system »¢ =

burner entry pressure pz =
" " Mach no.
velocity

UNITS button or F10 key switches between SI and BE units

Fig. 1. Inputs and Outputs of the HAP Trajectory
Module.
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# Mississippi State University revive the HAP..  — O X
q0 [N/m?] 473800
MO 10.0
s 136
nc 0.9
W (T3/T0) 6.6923076923076925

un Trajectory Analysis;

Reset

Altitude (km): 33.61
TO (K): 233.16€

pl (kPa): 0.&8

V0 (m/s): 3061.03
plVO (kg/m=-=): 31.2
Re/L (/m): 2070636.41
T3 (K): 1560.36

p3 (kPa): 188.8

M3: 3.20

Vi (m/s): 2494.7

[s R=i]

Fig. 2. Inputs and Outputs of the Python Trajectory
Module.

[ DOSBox 0.74-3, Cpu speed: 3000 cycles, Frameskip 0, Program: BURNTH - X

UNITS
[F10]

(Burner) DESIGN OF A DUAL-MDDE COMBUSTION SYSTEM
See Sects. 6.5.4 and 6.5.5 for solution logic and method

ISOLATOR . 1bf 2 in® 3.000 ¥, = 1.240
ENTRY 750.00 °R 1730.00 ft*/s?-°R
STATE uz = 3805.27 ftss 6-H = 0.0200

station : ar
ISOLATOR- X s s 3.000
BURNER ANz ° ° 1.000
GEOMETRY H

AXIAL HEAT o T 1.400
ADDITION i o aTep 624.00 °R
PARAMETERS npfhpr 222,775 BTU-1bm

SCREEN
[FE]

static pressure of inflowing air at isolator entry

a)

[ DOSBox 0.74-3, Cpu speed: 3000 cycles, Frameskip 0, Program: BURNTH X

(Burner) DESIGN OF A DUAL-MODE COMBUSTION SYSTEM

SYSTEM MODE: SCRAMjet, shock-free isolator

ISOLATOR 10.000 1bf,in* ptz = 439.87 1bf/in®
ENTRY 750.00 °R T2 1560.00 °R
STATE 3805.27 ftrs Saz 128.869 1bf-s/1lbm

i x (ft) TesTez | M p/p2 p/ptz Ach [3
usuz T,Tz ptopz H K

.ZB9E-02  1.000

22  5.116 1.3721 2.295 1.007
1 .B77E-01 .840

011 1.747

.153E-02 1.000
. 799E-01 .841

23 5.431 1.382 2.314 L9417
1.021 750

5.715 ° 1.392 .336 .B92
.030 750

LG27E-02  1.000
. 734E-01 .841

6.000 o 358 .841

s .91ZE-02 1.000
Station 4

.bBOE-01

Fig. 3. Design of HAP Burner. (a) Inputs (b) Outputs.

# Mississippi State — Revive of HIESR & Pratt HAP (SI mode) - o E
p2 (ks cass 30 {5
1\
7K e
® 2ed
M2 30 €
26
b [k K] 28928
24
u2 [mis] 115976 1 L —
oM 002 10 12 14 16 18
AxR2 10
16
A2 20
£oia
Him) 052 =
o 14 22
[ 50 10
10 12 14 16 18
ilm] ooa
13
wend[m 1829
end [m] 12
Run Burner Simulation Reset o 11
4
a0
0.8
10 12 14 16 18

Fig. 4. Burner Design by Python c

A DOSBox 0.74-3, Cpu speed:

3000 cycles, Frameskip 0, Program:  PEf

x (m)

ode.

RFH x

UNITS
(Performance) STREAM THRUST PERFORMANCE ANALYSIS

3048.00 s

222.22 R The

289.26 Jskg-K

BURNER

compression system combustion system

¥e = RS 1.238

ne 9.968 222.2 X
0.900
0.000 0.500
0.500
0.100

mean CpsCu for compression system flowpat!

a)

B DOSBox 0.74-3, Cpu speed: 2000 cycles, Frameskip 0, Program:  PE

(Performance) STREAM THRUST PE!

specific thrust Fsnio
specific fuel consumption S
specific impulse Isp
overall efficiency ng
thermal efficiency
propulsive efficiency np

INLET BURNER
station 0 3

1. 0.0327
10.16 3.23
1.60 258.01 Z
1.00E+00 3.00E-01 4.
3069.09 2705.50 28
0.5115 1.3196

1.688 1.5605
222.22  1555.56 37
3048.00 2527.48 23!

area Asfo

Mach no. M

static pressure p/po
total pressure pi/pro
stream thrust Sa
entropy rise os
specific heat Cp
temperature T
velocity U

Press [Enter] or [Esc] to return t

Fig. 5. Stream Thrust Performanc
(b) Outputs.

0.60877

3 0.0400 kg F kg A
3512.260 J/kg A
v = Ta/To = 7.00

NOZZLE
expansion system

1.238
0.900
1.400

0.972
1.0600

h. See also Eq.(2-45)

RFH X

RFORMANCE ANALYSIS

590.62 N-s/kg A
6.779E-5 ky Frs—N
1564.07 s
9.512
9.450
1.139

NOZZLE
4 10

4.7370
2.4 4.56

58.01 1.40

41E-682 1.93E-82

16.18 3594.15 N-s/kg
0.23% kd-kg-K
1.505 kd kg-K

'39.27 16608.44 K

57.36  3459.67 mss

0 input screen

e by HAP: (a) Inputs
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Table 2. Comparison between Python-Based Model
and HAP Software Output for Scramjet Burner

Simulation.
Parameter HAP | Python | Deviation

Output | Output (%)

Exit Axial Location (x) 1.829 1829 o

[m]

Exit Mach Number 2358 2362 017

(M)

Static Temperature

Ratio (T/T2) 1747 | 1735 0.69

Static Pressure Ratio 0.841 0.837 048

(p/p2)

Table 3. Stream Thrust Performance Comparison
between HAP and Python-Based Model for Constant

 Mississippi State Revival of the Heiser and Pratt HAP Model - a X
Constant Area Constant Pressure
psi 7.0
Sa0 (N-3/kg) - 3069.07
D 3048 T3 (K) = 1554.00
T 222 V3 (m/s) = 2s27.16
t 004 Sa3 (N-s/kg) = 2705.08
P3/p0 = 260.03
hf oo 23/R0 - 0.03
To 222 va (m/s) -
VTeV3 |05 T4 (X) =
Sag (N-s/kg) =
vivi 05 e -
Cf Aw_A3[0.1 V10 (n/3) - 3a72.85
plop0 14 Salo (N-s/kg) = 3604.01
cac |00 210/80 = 4.62
F/m0 (N -s/kg) = 602,74
eab |09 Isp (s) - 1536.04
dae [09 eta_o - 0.52
fhPR 3510000
R 289.3
Cpe 1090
Cpb 1510
Cpe 1510
gamma_c 1362
gamma_b|1238
gamma_e 1238
o0 a1
e) [
a)
@ Mississippi State Revival of the Heiser and Pratt HAP Maodel - o X
Constant Area Constant Pressure
psi 7.0
Sa0 (N-s/kq) = 3069.07
D 3048 T3 (K) = 1854.00
™ 2 v3 (m/s) - 2527.16
§ 0.04 sa3 (N-s/kq) = 270s5.06
p3/p0 = 260.03
G 00 A3/A0 = 0.03
To 2 va (w/s) -
VIev: [05 T4 () -
A4/R3 =
viv3 05 Sad (N -s/kg) =
f_Aw_A3[0.1 T10 (X) -
plopd 14 V10 (m/s) - 3455.06
coc 3 5al0 (N-s/kg) = 3593.39
A10/80 - 4.74
eab |09 F/m0 (N -s/kg) = 589.33
eae 09 Isp (2) = 1s01.87
PR (3510000 ‘E"‘Ef = 0.5t
R 289.3
Cpe 1090
Cpb 1510
Cpe 1510
gamma_c [1.362
gamma b|1.238
gamma_e [1.238
o0 0.81

| =

Fig. 6. Stream Thrust Performance by Python: (a)
Constant Area, (b) Constant Pressure.

The quantitative results displayed in Tables 1 to
3 across all modules validate the consistency and
robustness of the Python implementation in
duplicating the fundamental physical and
thermodynamic principles established by Heiser
and Pratt.

Table 1. Comparison of Results between HAP
Trajectory and Python-Based Implementation.

Parameter HAP Python | Deviation

Trajectory | Model (%)

Burner Entry

Temperature (K) 1556 1560 0.31

Burner Entry

Pressure (kPa) 170 189 10.96

Burner Entry

Mach Number 3.2 3.2 0

Burner Entry

Velocity (m/s) 2491 2495 0.15
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Pressure.
HAP Python
Parameter Output Output Deviation
(Const. (Const. (%)
Pressure) | Pressure)
Specific Thrust
: 590.02 589.33 -0.12
(F/m) [N-s/kg]
Specific Impulse |50 97 | 1501.87 -0.21
(Isp) [s]
Thermal
Efficiency (nth) 045 045 0
Overall
Efficiency (10) 0.512 0.51 -0.39
Propulsive
Efficiency (np) 1.139 1.137 -0.18

4.1 Validation and Results Analysis of
Trajectory Module

The comparison of the original HAP software
outputs with the reestablished Python-based
counterpart reveals a significant concordance in
the essential thermodynamic and flow
characteristics at the burner entry Figs. 1 and 2.
The burner entry temperature, Mach number,
and velocity demonstrate discrepancies of under
0.5%, validating the main equations and
numerical formulation utilized in the Python
model. These results confirm that the updated
model precisely replicates the physics of
compressible flow and energy addition as
articulated by Heiser and Pratt. A notable
disparity is evident in the computed burner entry
pressure, with the Python result being
considerably more than the HAP reference. This
discrepancy presumably stems from variations in
the consideration of total pressure recovery,
reference circumstances, or  exponent
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management in the isentropic equations.
Nonetheless, the consensus on key design
parameters, especially those influencing flow
dynamics and combustion entry conditions,
suggests that the updated model accurately
represents the fundamental behavior of the
scramjet inlet with considerable precision.
Additional refining and sensitivity analysis are
advised to address the pressure discrepancy and
improve the model's resilience.

The study demonstrates a robust concordance
between the two models across all parameters.
The burner entry temperature and velocity
exhibit minimal variations below 0.5%,
validating the dependability of thermodynamic
and compressible flow models in the Python-
based application. The Mach number at the
burner entry is accurately aligned, confirming the
appropriate application of isentropic flow
relations and total-to-static conversions.

The most significant discrepancy is noted in the
static pressure at the burner entry, with the
Python solution forecasting a value roughly 10%
greater than the HAP trajectory outcome. This
discrepancy may result from simplifications or
numerical assumptions in the calculations of
stagnation pressure recovery or total-to-static
pressure. Rectifying this disparity —may
necessitate the incorporation of more
comprehensive intake loss modeling or the
application of empirically calibrated correction
factors aligned with those utilized in the original
HAP software.

The subsequent table provides a comparison
examination of burner entrance parameters as
determined by the previous HAP trajectory
module and the newly created Python-based
model.

4.2 HAP Burner Design: Validation of Python-
Based One-Dimensional Combustion
Model

A comprehensive comparison was performed
between the original Heiser and Pratt Hypersonic
Airbreathing Propulsion (HAP) software output
and the newly built Python-based model at the
combustor outlet (station twenty-five) Figs. 3 and
4. Both simulations were constructed with
similar burner designs and axial heat input

distributions to maintain uniform benchmarking
circumstances.

The Python solver yielded an exit Mach number
of 2.362, closely aligning with the reference value
of 2.358 provided by the HAP code. The relative
variance is roughly 0.17%, signifying exceptional
agreement in measuring velocity acceleration
within the combustor. The static pressure ratio at
the exit, defined as the local pressure relative to
the inlet isolator pressure, was computed as
0.837 in the Python model, in contrast to 0.841
from the HAP result. This indicates a divergence
of around 0.48 %. The static temperature ratio in
the Python model was found to be 1.735, whereas
the HAP output stated a value of 1.747, resulting
in a divergence of around 0.69 %.

These errors are well within acceptable
engineering tolerances for one-dimensional
modeling of dual-mode scramjet combustion
systems. The strong correlation confirms the
numerical scheme of the Python-based model,
especially the integration of compressible flow
equations, area change, and the heat addition
function throughout the combustor length. Minor
disparities may result from variations in
numerical step resolution, interpolation
precision in the heat release profile, or the lack of
empirical adjustment factors incorporated in the
original HAP formulation.

4.3 Stream Thrust Performance Comparison
between HAP and Python-Based Model
for Constant Pressure and Constant Area
Combustion

This section provides a comparison assessment
of stream thrust performance between the
original Heiser and Pratt HAP software, which
operates under constant-pressure combustion
assumptions, and the newly built Python-based
model, which accommodates both constant-
pressure and constant-area  combustion
processes Figs. 5 and 6.

The findings validate that the Python model
accurately replicates the stream thrust
characteristics from HAP with high fidelity under
the constant-pressure assumption. The HAP
model predicts a particular thrust of 590.02
N-s/kg, while the Python model yields 589.33
N-s/kg, resulting in a difference of merely 0.12%.
Likewise, the specific impulse (Isp) exhibits a
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negligible deviation of 0.21%. At the same time,
the overall, thermal, and propulsive efficiency
remain within a 0.4% deviation, confirming the
thermodynamic consistency and numerical
accuracy of the Python model under equivalent
conditions.

The Python model not only replicates HAP’s
constant-pressure logic but also offers the
enhanced functionality to simulate constant-area
combustion, essential for fixed-geometry engines
or simplified flow path evaluations. This
improved flexibility enables engineers to explore
various flow assumptions for mission-specific
design.

5. CONCLUSION

This study effectively revitalizes the traditional
Heiser and Pratt Hypersonic Airbreathing
Propulsion (HAP) framework into a proven,
Python-based numerical model that includes
trajectory analysis, combustor flow modeling,
and propulsion performance assessment. The
program maintains the modular essence of the
original HAP while incorporating a contemporary
Ul, enhanced capabilities (including constant-
area combustion simulation), and accessible,
editable source code for greater usability.

The validation outcomes exhibit robust
compatibility between the Python model and the
original HAP program. Table 1 demonstrates that
the trajectory module precisely replicates burner
entry circumstances, exhibiting variations of less
than 0.5% for temperature, Mach number, and
velocity. The sole notable deviation is observed in
the burner input pressure, with the Python model
forecasting a 10.96% elevated value. This
divergence is likely attributable to variations in
the implementation of stagnation pressure
recovery or the treatment of the isentropic
exponent, underscoring a potential area for
future enhancement.

Additional validation in Table 2 corroborates the
precision of the combustor model, with the
Python-based tool aligning the burner exit Mach
number to within 0.17%, static pressure ratio to
within 0.48%, and static temperature ratio to
within 0.69%. The observed fluctuations fall
within  acceptable parameters for one-
dimensional analytical modeling, illustrating the
robustness of the integration technique and

62

compressible flow formulation utilized in the
Python solver.

Ultimately, as outlined in Table 3, the stream
thrust analysis conducted under constant-
pressure combustion settings produces results
virtually congruent with HAP, exhibiting
variations in specific thrust and specific impulse
of less than 0.2%, and efficiency metrics within
0.4%. This wvalidates the accuracy of the
thermodynamic and performance equations in
the Python model. The Python implementation
surpasses HAP by facilitating constant-area
combustion simulation, hence enhancing its
versatility for the analysis of fixed-geometry
engines or simplified conceptual designs.

This work addresses a significant research need
by offering the inaugural publicly accessible,
vetted Python utility that accurately duplicates
and enhances the functionalities of the original
HAP code. It not only facilitates legacy validation
but also enables novel instructional and research
applications in hypersonic propulsion system
design. Future endeavors will incorporate
chemical Kkinetics, transient simulations, and
optimization frameworks to augment the model's
realism and utility further.
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