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Introduction

« Background

— Detailed computational modeling
» CFD often used to create and execute computational domains
* Increasing complexity when moving from 2D to 3D geometries
« Computational time increased as finer grids are used (accuracy)
« Strong tool, but takes time to set up and run
— MINIVER
» Uses theoretical and empirical correlations
» Orders of magnitude faster to set up and run
* Not as accurate as CFD, but gives reasonable estimations

« MINIVER’s Drawbacks

— Rigid command-line interface
— Lackluster, unorganized documentation
— No central control; multiple versions exist and have diverged
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e Special Study
— Initiated by NASA KSC'’s Launch Services Program
— Managed by a.i. solutions
— Initially performed by Florida Institute of Technology

* First Development Phase
— Written in C# (C-Sharp)
— Updated user interface
— Addition of helpful tools
— Inclusion of basic CAD geometry editor

« MINIVER Version

— Based on the 1983 upgrade by Engel, Praharaj, and Schmitz!2
— Code comments indicate upgrades in 2000, 2003
— PREMIN and LANMIN upgraded, EXITS not carried over

TFAWS 2011 — August 15-19, 2011 4



PREMIN Prompts

Whether to use English or Metric units for data input
What time intervals to use for data printout

Vehicle trajectory; manual input or file import

Which atmosphere model to use

Which heat transfer model to use

How to consider flow transition

Whether to consider crossflow or not

What type of flowfield and pressure environment to consider
If the surface geometry changes over time

How the wall temperature should be determined
How the user wants the output file to be generated
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Sample screenshot: Legacy PREMIN menu
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* New User Interface
— PREMIN prompts collapsed into MINIVER 2.0 categories
— Analysis revolves around a “Project” (e.g. launch vehicle)
— Projects include “Cases” (e.g. body points)
— Each case has preprocessor data that defines it

% NASA-KSC MINIVER

File  Tools  Help
=
= [#] Project [orex metric] Heat Transfer Models
= Caze 1 [stagnation paint)
=@k Preprocessor Data )
B Output Timing Heat Transfer Option
B Trajectony | Hemizphere Stagnation Point A
By Atmosphere
E Heat Transfer Modeks
g Transition Models Body Radius [m]
> Floioi
: 1.35
By Flowfield/Pressure Options
B Mass Injection _
By Time-Dependent Gaormety Lewiz Number
B Iritial Conditions O Calculate () Input

[] Usze a Heating Indicator for this case

[] Include R arefied Heating

MINIVER 2.0 Main Screen
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 New Tool: Trajectory Editor

Allows user to visualize trajectories

Runs within MINIVER or as a standalone program

New, open, edit, and save capabilities

Can import via Legacy format or custom delimited text files

“ Trajectory Editor

File  Tools

Name|l5T5 1 ENTRY - MODIFIED TO ALLOW GROUND 50
Units: () English () Metric

Time
[zec]

453
90.3
1353
180.3
2253
2703
3153
360.3
4053
4503
4953
545.3
5E9.3
5933
E17.3

Altitude:

[ft)

396300
373800
351500
329500
308000
283000
263700
256300
250200
247000
244600
242500
240000
238800
237700
236600

Welocity
[ftézec)

24570
24530
24620
24640
24660
24660
24610
24470
24220
23320
23610
23280
22880
22680
22470
22250

Aok
[d=al

4113
426
421
4046
405
413

3939
40.71
41.74
995
3928
2966
2807
2932
3902
3925

Altitude (ft) vs. Time (sec)

L
2.97

Trajectory Editor

Velocity (ft/sec) vs. Time (sec)

Altitude (ft) vs. Velocity (ft/sec)

2.97E5

1.98

ES

9.91E4
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 New Tool: Case Copier
— Allows quick copy from one case to many
— Can start new cases with copied data
— Useful for cases that share common data (e.g. trajectories)

Casze to Copy Destination(s]

| Case 1: Line 1. AL 0.000 m v [] Case 2 Lins 2:RLO 118 m A
[7] Caze 3: Line 3: AL 0.236 m

[] Output Timing [] Caze 4: Line 4: AL 0.353 m

[ Trajectan [J Case 5 Line5:RLO47T m

[ Atmasphere [] Caze & Line B: AL 0.589 m

[] Heat Transfer Models [] Caze ¥: Line 7: AL 0.707 m

[ Transition bodels . |[J Case & Line 8: AL 0.824 m

[ Crosaflow = [7] Caze 3 Line 9: AL 0.942 m

[] Flawfield/Pressure Options [7] Caze 10: Line 9: RL 1.058 m

[ Mazs Injection [[] Caze11: Line 3; AL 1.173m

[ Time-Dependent Geometm [J Case 12 Line 9; AL 1.289 m

[ Iritial Canditions [] Caze 13 Line ;AL 1.404 m

[] Output Format [] Case 14: Line 3: AL 1.520m E
[] Case 15 Line 3: AL 1.636 m
[7] Caze 16: Line 3: RL 1.751 m hd

Copy ] [ Cancel

Case Copier
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MINIVER Upgrades: Delimited File Importeria

 New Tool: Delimited File Importer
— Allows most text files to have data imported
— Utilizes single character or whitespace for delimiting
— Reusable code within MINIVER; constructor varies the output

’ [}

AEE|

File Path

|C:\Documents and Settingz\PiercehDesktophoresgeomety_e | [ Browze... l

Custarn Delimiter: [ Usewhitespace as Delimiter
Start Start End = End* ~

0 0 D016E54192 | 0386024463

0016254132 (.386024463 0067233433 0769111043
0067238433 0769111042 0150913081 1.146344233
0150913081 1146344233 0267109464 1.514853046
0267109464 1.514853046 0414975366 1.871832912
0414975366 1.871832912 0593291433 2.214567

0593291433 2 214867 0800333223 2540446836
0800399829 2540446896 1.036220512 2846992457

1.036220512 2.846992457 323 5461
323 5461 442913 0.986
442913 0.986 494751 046762
l ok ] l Cancel

Delimited File Importer
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e Code Conversion

— Code initially left the same
— Most conversion efforts involved replacing constructs like “go to”

— LANMIN module is now a library within MINIVER 2.0

— Processor logic can be executed case-by-case or project-wide

Case Output Setup [Stagnation Point]

Run Processor

Ready for run.
Output Units: = English @) Metric

Generate Summary Output

Summary Output
Generate Bxcel Output

[ Add MINIVER Defautts | | Output Variable

Add Varizble Qide

Velocity

Remove Variable Mach Number

’ Remove All Varables ] Angle of Attack

Reynolds # Per Length

Heat Coefficient

Recovery Enthalpy

Radiation Equilibrium

Heat Rate

Heat Load

Pressure

A A A

Graph?

FEEEEEEEEEE

m

[C] Generate Detailed Output

Single case processor setup

Project Properties

Project Name OREX Test
Project Path

Project Input Linits Metric

D \Usershplouderb \Desktop'Latest Release\E

Caze Name

e )
c
=

Stagnation Poirt
CC Nose Cap-RLO.118m
CC Nose Cap - RL0.236m
CC Nose Cap - RL0.353m
CC Nose Cap- RLO.471m
CC Nose Cap - RL0.585m
CC Nose Cap - RLO.707 m
CC Nose Cap - RL0.824d m
Silica Rings - RL 0.942 m
Silica Rings - RL 1.058 m
Silica Rings - RL1.173m
Silica Rings - RL 1.285m
Silica Rings - RL 1.404 m

TN oy 4 ron

JHHHHHHHHHHHHH

Summary Excel Detailed Status
O Ready
O Ready
O Ready
O Ready
O Ready
O Ready
O Ready
O Ready
O Ready
O Ready
O Ready
O Ready
O Ready
P = = o .

m

it

Project-wide case processor setup
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New Tool: CAD Editor

Imports basic 2D geometries from AutoCAD or delimited text
Points can be generated on lines to create MINIVER cases

Cumulative running lengths and local geometric angles are
automatically calculated

Rectangular box select available to edit multiple points at once

£ MINIVER CAD Editor

= | B ||

File  Toaols

& 4 2

1
anl
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s
:!"f_[{_

[=4

= Line

=) Line

[=

[=

= Line

[=

- Line

- Line

c ..C .C

[=4

ine

-- Line:

a
P =]

{ iline2-RLO.11Bm

¢ ielne3-RLO23%m
- Line 4
. i-lne4-RL0353m

. Lne5-RLOATIm
=I- Line &
" Lne6-RLO58Im

| i-line 7-RLO707m

i Line 9-RL0.942m
i~ Line 9-RL 1.088m
i-Line9-RAL1.173m
i-Line9-RL1283m
i-Line9-RL1.404m
i--Line 9-RL1520m
iLine9-RL163m
i Lne9-RL1.751m
i Line 9-RL1.867m
i--Line 9-RL 1.982m

C
@
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5

]
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]
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[l

0

CAD Editor example with OREX geometry?
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OREX Test Setup

« Data from Gupta, Moss, and Price’s papers3

* Flight data used for small subset of re-entry period
— Trajectory
— Geometry

— Flight conditions
« 1962 U.S. Standard Atmosphere approximation
« Hemisphere Stagnation Point option at stagnation point
» Lees/Detra/Hidalgo Hemisphere option on the spherical nose cap

» Eckert Reference Enthalpy Flat Plate for the rest of the forebody
— Mangler transformations used to convert from flat plate to cone

« EXxperimental data was only taken at stagnation point
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Electrostatic

probe

Ceramic
tile TPS

C/C tile TPS

C/C nose cap

OREX Geometry

RC = 100,
(XC: YC)

15°
Xst: Yst)

3400 ¢

40°"

1508

¥

Dimensions in mm
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Heat Flus (K m™2)

4.00E+02

3.00E+02

2.00E+02

1.00E+02

0.00E+00

OREX Results

OREX Stagnation Point Flight Data Comparison
(plot overlay via Hirschel & Weiland)*

’/m\\ Part of OREX trajectory
: ! 120
100
80
60
40
20
0 - + | .
5 10 15 20 25 30
D 'MINIVER | i Mach number
A | —free flight data
o 1-T, no slip, FICW s
A A 1-T, no slip, NCW
e 1-T, slip, NCW
o 2-T, slip, NCW
40 50 §3 70 s;o 5-3 :53 110

Altitude (km)
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OREX Results

OREX forebody heat rate at 84.01 km; MINIVER comparison to VSL calculations
(plot overlay via Gupta, Moss, and Prlce)3

- I Futly cata!ytac| VSL, 2-T, sn;

30

o Non catalytic, NS, 1-T, No
25 1= '*-\__‘ Yamamoto and Yoshioka
S o Inferred flight data®

" —— MINIVER

Heat Flus, Wicm™2

a a5 1 15 2 25

Running Length, m
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OREX Results

OREX forebody heat rate at 59.60 km; MINIVER comparison to VSL calculations
(plot overlay via Gupta, Moss, and Price)?

60 -

------ Finite cathlync VSL, 14T
R N Fully catqutuc VSL, 1-T
o [T — o Non catalytic, NS, 1-T,
. (Yamamoto and Yoshigka)S
P . o Inferred flight data® s
40 r e LY i

- S, —— MINIVER
» . ﬂ
s A nﬂ-z—‘l—.a

Heat Flug, wiffcm™2

Running Length, m
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Conclusions and Future Work

 MINIVER updates are an ongoing effort
— New interface provides fast, intuitive workflows for users
— Added utilities assist in performing setup tasks
— Results demonstrate effectiveness for fast estimation
— MINIVER is source controlled and developed at KSC

* Future Work
— Next phase will explore links to SINDA and Thermal Desktop
— New features will be added based on user need
— Would like to explore converging MINIVER from other centers

— Experimenting with third party and open source libraries to
improve the MINIVER's look, feel, and capabilities
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Questions?
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