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e Multi-X models
e Transport model

e Multiple components
e Multiple views
e Multiple generations

e Homework exercises



@ Define design and configuration parameters
o Generate the base Body(s)
e primitives: box, sphere, cylinder, cone, torus, import,
user-defined primitive (UDP)
e grown: extrude, revolve, rule, blend, sweep
e Apply attributes

o user-defined name
o values can be (matrix/array of) numbers or strings

e Transform the Bodys
e translate, rotate, scale, mirror
e Combine the Bodys
e union, join, intersect, subtract
Note: all this can be done via the browser or by writing a .csm
script.
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e During the design of an aircraft, various coupled models are
needed
o different disciplines

e structures

e controls

o aerodynamics
]

o different fidelities
o conceptual design
o preliminary design
o detailed design

@ There needs to be communication between these models

 Dannemhofir  ESP Training - Session 12 ik py



@ One definition for each component:

wing — inboard and outboard sections (with controls)
fuselage — tube with cockpit and raked tail
horizontal tail — one section (with controls)

vertical tail — one section (with controls)

nacelle — flow-through

pylon — one section

payloads — cockpit, passenger compartments, galleys,
baggage hold, fuel tank
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@ One of the strengths of ESP is to be able to have multiple
“views” of a single configuration
e tailored to a specific analysis method
e driven by a single set of Design Parameters
e attributed so that “common” features could be linked
together
e commensurate with the meshing requirements of the analysis

e Biggest problem is that such models can get very large

o break up into nested user-defined components (UDCs)
e generate in multiple generations
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e Concept

e Panel

e Vim

o CfdInviscid
e CfdViscous
e Bem

@ Bones
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] transport.csm

o transport-setup.udc

@ fuse/
@ Pmtrs.udc
@ Cals.udc
@ Oml.udc
@ Iml.udc
@ waffle.udc
@ Bem.udc

@ ntail/
@ Pmtrs.udc
@ Cals.udc
@ Hinges.udc
@ Oml.udc
@ Waffle.udc
@ Bem.udc
@ Vlm.udc

@ nacelle/
@ Pmtrs.udc
@ Cals.udc
@ Oml.udc

@ payload/

@ pylon/

@ vtail/

@ wing/

Pmtrs.udc
payload.udc

Pmtrs.udc
Cals.udc
Oml.udc

Pmtrs.udc
Cals.udc
Hinges.udc
Oml.udc
Waffle.udc
Bem.udc
Vim.udc

Pmtrs.udc
Cals.udc
Hinges.udc
Oml.udc
Waffle.udc
Bem.udc
Vlm.udc

@ view/

Concept.udc
Vim.udc

Oml.udc
Panel.udc
CfdInviscid.udc
CfdViscous.udc
Bem.udc
Bones.udc
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@ wing in Concept view (oml only)

© add fuselage, htail, and vtail

@ add Panel view

@ add nacelle and pylon

@ add payload

Q add controls to wing, htail, and vtail
@ add Vlm view

@ add pyscript to run avl
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@ add tip treatment to wing, htail, and vtail
@ add CfdInviscid view

@ add CfdViscous view

@ add pyscript for fun3d (inviscid)

@ add wing BEM (built-up element model)
@ add fuselage, htail, and vtail BEM

® add Bones view
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o New files:

transport.csm
transport_setup.udc
view/Concept.udc
wing/Calc.udc
wing/0Oml.udc
wing/Pmtrs.udc

( 18
(21
(17
( 23
(106
( 26

lines)
lines)
lines)
lines)
lines)
lines)
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# transport (inspired by boeing 787)
# written by John Dannenhoffer

# define the views
CFGPMTR  VIEW:Concept 1

UDPRIM $/transport_setup

IFTHEN VIEW:Concept NE O
UDPRIM $/view/Concept
ENDIF

# catch any errors that were generated by the user

CATBEG -999

MESSAGE  user-generated_signal_caught
CATEND
END
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# .udc to set up DESPMTRs, CFGPMTRs, and critical locations and dimensions
# written by John Dannenhoffer

INTERFACE . ALL

# global tolerance
set EPS06 1.0e-6

# make a list of the components
CFGPMTR  COMP:wing 1

# define the DESPMTRs nd CFGPMTRs
UDPRIM $/wing/Pmtrs

# by default, trailing edges are blunt
SET SHARP_TE 0

# compute critical locations / dimensions
UDPRIM $/wing/Calc

END
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# .udc to make the Concept view
# written by John Dannenhoffer

INTERFACE . ALL

# make sure we have the necessary Bodys
IFTHEN COMP:wing NE O

UDPRIM $/../wing/0Oml
ENDIF

# now that we have all the Bodys, show them
IFTHEN COMP:wing NE O
RESTORE wingOml
ATTRIBUTE _name $wingOml
ENDIF

END



# .udc to define the DESPMTRs and CFGPMTRs for a wing
# written by John Dannenhoffer

INTERFACE . ALL

# wing Oml

DESPMTR  wing:area 4240 # area

DESPMTR  wing:aspect 9.00 # aspect ratio

DESPMTR  wing:taperi 0.48 # inboard taper ratio
DESPMTR  wing:tapero 0.23 # outboard taper ratio
DESPMTR  wing:sweep 35.0 # leading edge sweep
DESPMTR  wing:dihedral 7.0 # dihedral

DESPMTR  wing:break 0.37 # inboard/outboard
DESPMTR  wing:alphar -1.0 # setting angle at root
DESPMTR  wing:thickr 0.10 # thickness ratio at root
DESPMTR  wing:camberr 0.08 # camber ratio at root
DESPMTR  wing:alphab -3.0 # setting angle at break
DESPMTR  wing:thickb 0.15 # thickness ratio at break
DESPMTR  wing:camberb 0.04 # camber ratio at break
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DESPMTR
DESPMTR
DESPMTR
DESPMTR
DESPMTR

END

wing:
wing:
wing:
wing:
wing:

alphat
thickt
cambert
xroot
zroot

-8.0
0.08
0.01
50.0
-8.0

H OH OH HH

setting angle at tip
thickness ratio at tip
camber ratio at tip
xloc at root LE
zloc at root LE



# .udc to calculate critial locations and dimensions for a wing
# written by John Dannenhoffer

INTERFACE . ALL

OUTPMTR  wing:mac
OUTPMTR  wing:wet

SET wing:span sqrt (wing:aspect*wing:area)

SET wing:yroot 0

SET wing:ytip -wing:span/2

SET wing:xtip wing:xroot-wing:ytip*tand(wing:sweep)

SET wing:ztip wing:zroot-wing:ytip*tand(wing:dihedral)
SET wing:ybreak wing:ytip*wing:break

SET wing:xbreak wing:xroot-wing:ybreak+tand (wing: sweep)
SET wing:zbreak wing:zroot-wing:ybreak*tand(wing:dihedral)
SET wing:chordr wing:area/((wing:yroot-wing:ybreak)*(wing:taperi+1)+(wing:
SET wing:chordb wing:chordr*wing:taperi

SET wing:chordt wing:chordb*wing:tapero

SET wing:mac sqrt (wing:area/wing:aspect)

SET wing:sharpte  SHARP_TE

END
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# .udc to make the wingOml
# written by John Dannenhoffer

INTERFACE . ALL

SPECIAL  provides $wing $concept
SPECIAL  provides $wing $oml

# check to see if the Body already exits
RESTORE  wingOml

# if it does not exist, make it now
CATBEG $name_not_found
MESSAGE Building_wingOml

# lay out left wing

MARK
# root
UDPRIM naca thickness wing:thickr camber wing:camberr sharpte
SCALE wing:chordr

ROTATEX 90 0 O
ROTATEY wing:alphar 0 O
TRANSLATE wing:xroot  wing:yroot wing:zroot
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UDPRIM naca camber wing:camberb  thickness wing:thickb
SCALE wing:chordb

ROTATEX 90 0 O

ROTATEY wing:alphab 0 O

TRANSLATE wing:xbreak wing:ybreak wing:zbreak

# left tip

UDPRIM naca thickness wing:thickt camber wing:cambert
SCALE wing:chordt

ROTATEX 90 0 O

ROTATEY wing:alphat O 0

TRANSLATE wing:xtip wing:ytip wing:ztip

RULE

ATTRIBUTE tagComp $leftWing

SET

ruledBody @nbody

 Dannemhofir  ESP Training - Session 12 July 2025

sharpte

sharpte

21 /79



SELECT FACE ruledBody 1
ATTRIBUTE tagType $root
SELECT FACE ruledBody 2
ATTRIBUTE tagType $tip
ATTRIBUTE tagIndex $1
SELECT FACE ruledBody 3
ATTRIBUTE tagType $upper
SELECT FACE ruledBody 4
ATTRIBUTE tagType $upper
SELECT FACE ruledBody 5
ATTRIBUTE tagType $lower
SELECT FACE ruledBody 6
ATTRIBUTE tagType $lower
SELECT EDGE ruledBody 3 ruledBody 5 1
ATTRIBUTE tagType $leadingEdge
SELECT EDGE ruledBody 4 ruledBody 6 1
ATTRIBUTE tagType $leadingEdge
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IFTHEN wing:sharpte EQ O
SELECT FACE ruledBody 7
ATTRIBUTE tagType $trailingEdge
SELECT FACE ruledBody 8
ATTRIBUTE tagType $trailingEdge

ELSE
SELECT EDGE ruledBody 3 ruledBody 5 2
ATTRIBUTE tagType $trailingEdge
SELECT EDGE ruledBody 4 ruledBody 6 2
ATTRIBUTE tagType $trailingEdge
ENDIF
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# right wing too
STORE LeftWing 0 1
RESTORE  LeftWing
ATTRIBUTE tagComp $riteWing
SELECT ~ FACE $tagType $tip
ATTRIBUTE tagIndex $2
SELECT EDGE $tagType $leadingEdge
IFTHEN @iedge GT O
SELECT EDGE $tagType $leadingEdge
ATTRIBUTE tagComp $riteWing
ENDIF
IFTHEN wing:sharpte EQ 1
SELECT EDGE $tagType $trailingEdge
IFTHEN @iedge GT O
SELECT EDGE $tagType $trailingEdge
ATTRIBUTE tagComp $riteWing
ENDIF
ENDIF
MIRROR 0 1 0
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# join into single wing
JOIN

# attribute the root

SELECT EDGE ruledBody 3 ruledBody 3 1
ATTRIBUTE tagType $root

SELECT EDGE ruledBody 5 ruledBody 5 1

ATTRIBUTE tagType $root

# store the final Body
STORE wingOml
CATEND

# make sure the stack is empty
STORE

END
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o New files:

fuse/Calc.udc
fuse/0Oml.udc
fuse/Pmtrs.udc
htail/Calc.udc
htail/Oml.udc
htail/Pmtrs.udc
vtail/Calc.udc
vtail/Oml.udc
vtail/Pmtrs.udc

e Modified files:

transport_setup.udc
view/Concept.udc

AN NN AN

29
55
28
21
78
19
19
51
18

24

lines)
lines)
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lines)
lines)
lines)
lines)
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lines)
lines)
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Paraseter 'VIEW:Concept[1,1]" has been changed to @ ====> Re-build is needed <====
Paraseter 'VIEW:Panel(1,1]" has been changed to 0.25 ===> Re-build is needed <=

M
wn
Y] Ot SEFTLES

Building wingoal
Building htailoal
Building vtailoal
Building fuseoml
ntire build cosplete, which generated 1 Body(s)
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o New files:

view/0Oml.udc ( 43 lines)

view/Panel.udc ( 48 lines)
o Modified files:

transport.csm (4 lines)



c D= 0w % © Lo =

lding
Building fuseoal
Entire build cosplete, which generated 1 Body(s) |

 Dannemhofir  ESP Training - Session 12 ik oy



o New files:

nacelle/Calc.udc
nacelle/Oml.udc
nacelle/Pmtrs.udc
pylon/Calc.udc
pylon/Oml.udc
pylon/Pmtrs.udc

e Modified files:
transport_setup.udc

view/Concept.udc
view/0Oml.udc
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o New files:

fuse/Iml.udc
payload/Pmtrs.udc
payload/payload.udc

o Modified files:

transport_setup.udc

( 55 lines)
( 15 lines)
(122 lines)

( 22 lines)
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o New files:
htail/Hinges.udc ( 65 lines)
vtail/Hinges.udc ( 65 lines)
wing/Hinges.udc ( 66 lines)
e Modified files:
transport_setup.udc ( 2 lines)
htail/Pmtrs.udc ( 6 lines)
vtail/Pmtrs.udc ( 6 lines)
wing/Pmtrs.udc ( 17 lines)
view/Concept.udc ( 18 lines)
view/Oml.udc ( 3 lines)
view/Panel.udc (153 lines)
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o New files:

htail/Vlm.udc

vtail/Vlm.udc

wing/Vlm.udc

view/Vlm.udc
e Modified files:

transport.csm

( 94 lines)
( 79 lines)
( 94 lines)
( 92 lines)
( 5 lines)



Attributes need to be put on the ESP model in order for CAPS
to set up the appropriate avl inputs

These are mostly set in the view/Vlim.udc

capsAIM = $avlAIM — on all Bodys (cross-sections) that the
av1AIM will use

capsGroup — string that tells avl which Bodys are in a
single avl surface

capsLength = $ft

capsDiscipline = $Aerodynamic
capsReferenceArea — for aerodynamic coefficients
capsReferenceSpan — for aerodynamic coefficients
capsReferenceChord — for aerodynamic coeflicients
capsReferenceX — for aerodynamic coefficients
vlmControl... — defines control surfaces
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Contents of:

# Inport pyCAPS module
4 import pyCAPS
5 from  pyocsH import esp

7 # Inport os
© import o5

9
10

12 # Load geometry [.csn] file
13 Filenanencs.path. foin(. .. | "Transport’
14 pr Loading geonetry from file \"" + filename +
1 Iy Prosles = pyCAPS.Propteator oblestane = "WorkDirAvL",

Lgenga, “transport. coa”)

outievel = 9)
:s ayprobien,setoutLevel (“mininal”)

30 # set geosetry variables to enable Vortex Lattice bodies
21 print (“\n==> Setting Build Variables and Geometry Values...")

2

23 # Change to VLM view

24 myProbles.geonetry. cfgpatr. VIEW. Concept = 8
25 myProbles.geonetry.cfgpatr.VIEK.Vin = 1
2

27 # Enable ifting surfaces and controls
28 myProbles.geonetry. cfgpatr.COMP.wing
29 myProbles.geonetry. cfgpmtr.COMP. fuse
30 syProbles. geometry.clopatr. CONP.tail
51 eyprobin geonetry. ciopatr. COMPviail

33 2 Create AVL ADH (17 1t does not already exist)
3447 Gt dn myProbies.salysis
1t ("\n==> Reusing AVL ain..

ariat ("\nee> Creating AVL o
EUT"S oyprosien.analysis.createisis =

g 98/py -
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g os/p "
g 08/

B os/h 2]
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Entire build cosplete, which generated 28 Body(s)



o New files:

python/avl.py (121 lines)
e Modified files:
<nothing>



c D= 0w % © Lo =

ntire build cosplete, which generated 1 Body(s)
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o New files:
<nothing>
o Modified files:

htail/Oml.udc
htail/Pmtrs.udc
vtail/Oml.udc
vtail/Pmtrs.udc
wing/0Oml.udc
wing/Pmtrs.udc

AN NN

N S N =N

lines)
line )
lines)
line )
lines)
line )
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ntire build cosplete, which generated 1 Body(s)

 Dannemhofir  ESP Training - Session 12 it peE



B S 650 Engesring Suatchpag, L X | 4
0w % © Lo 8

c [
VWA A VA AﬂﬂAﬂﬂﬂﬂllﬂﬂﬂ!ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ““
VAVAVAVAVAVA'A'A'AYAYAVAVIIAVAVAVAVAVAVAVA'AVAVAMVAVAVAHVAHVAVA A \/ ﬂVAVAVAVAﬂﬂVAVA '4' VAN

VAV \ \

[
Building viailoal
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o New files:

view/CfdInviscid.udc (145 lines)
e Modified files:
transport.csm ( 5 lines)
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ntire build cosplete, which generated 10 Body(s)
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o New files:

view/CfdViscous.udc (344 1lines)
e Modified files:
transport.csm ( 5 lines)
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+ Design Parameters ExpandAll
+ Local Varisbles

1
2

3 # Inport pyCAPS module
4 import pyCAPS
5
6
7

# Inport os module
import os

EE

4 f90nal is used to write fundd inputs not available in the ain
u import 1900

18 # Load CsH file
5 Filenase = osepath:foin(e. ., "data”, "Hult odels, “Transport,“gent2” "transport.csa”)
16 capsProbles = pyCAPS. Problea{problemtase = "design Transport”,
7 CopsFile = filenase,

outievel = @)

19
20 # Alias the geometn)

51 Lranspart = Capebrobies.geonetry
2

23 # Change to Inviscid CFD view

24 transport.cfopmtr.VIEW.Concept = @
25 transport.cfopmtr.VIEW. CfdInviscid = 1
2

27 # Enable just wing
28 transport.cfopmtr,COMP.wing

B R
292282992929929299292282

35 transport.ctgpatr.COMP. controls,

38
39 # Create aflrd
Sriri s copshrostem.analysis.createlain

uses: .
uses: ™.
uses:
uses:
uses:
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o New files:

python/fun3d_inv.py (123 lines)
o Modified files:
view/CfdInviscid.udc (132 lines)
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7data/MultiModels/Transport/genl3/view/Ben. udc"
/data/MultiModels/Transport/gen13/wing/Ben. udc"

*VIEW:Concept[1,1]* has been changed to @ ====> Re-build is needed <====
*VIEW:Ben(1,1]" has been changed to .25 ====> Re-build is needed <=

wingosl
Building winghafle
Entire build cosplete, which generated 1 Body(s)
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o New files:

view/Bem.udc
wing/Bem.udc
wing/Waffle.udc

e Modified files:

transport.csm
transport_setup.udc
view/Concept.udc
wing/Pmtrs.udc

( 31
( 49
(164

AN AN TN

= 00 = O

lines)
lines)
lines)

lines)
line )
lines)
lines)
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Entire build cosplete, which generated 1 Body(s)
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o New files:

fuse/Bem.udc
fuse/Waffle.udc
htail/Bem.udc
htail/Waffle.udc
vtail/Bem.udc
vtail/Waffle.udc

( 60
(174
( 49
(146
( 49
( 98

lines)
lines)
lines)
lines)
lines)
lines)
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o Modified files:

fuse/Pmtrs.udc
htail/Pmtrs.udc
vtail/Pmtrs.udc
wing/Bem.udc
view/Bem.udc
view/Concept.udc

July 2025
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c D= 0w % © Lo 8

Building fuseoml

Entire build cosplete, which generated 1 Body(s) |
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o New files:

view/Bones.udc ( 58 lines)
e Modified files:
transport.csm ( 5 lines)



e Examine the transport model
e Note: — do not run this from the directory that contains
the transport.csn file as you will experience a bug that was
recently found (and which will be fixed in versions beyond
v1.25)
e Pick another example
e how much of transport can you reuse?
e how much of transport do you need to modify?
e what problems will you face in building your configuration?
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wing:area
wing:aspect
wing:taperi
wing:tapero
wing:sweep
wing:dihedral
wing:break

area

aspect ratio

inboard taper ratio
outboard taper ratio
leading edge sweep
dihedral
inboard/outboard

H H HHE H HH

E:3

wing:alphar setting angle at root

wing:thickr # thickness ratio at root
wing:camberr # camber ratio at root
wing:alphab # setting angle at break
wing:thickb # thickness ratio at break
wing:camberb # camber ratio at break
wing:alphat # setting angle at tip
wing:thickt # thickness ratio at tip
wing:cambert # camber ratio at tip
wing:xroot # xloc at root LE
wing:zroot # zloc at root LE
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wing:
wing:
wing:
wing:
wing:
wing:
wing:
wing:
wing:

hinge[i,1]
hinge[i,2]
hinge[i,3]
hinge[i,4]
hinge[i,5]
hinge[i,6]
hinge[i,7]
hinge[i,8]
hinge[i,9]

HOHE O HE HHHEHHR

deflection

percent chord at ymin
ymin/span

z/t at ymin

percent chord at ymin
ymax/span

z/t at ymax

gap between control and wing
group (for AVL linking)



wing:
wing:
wing:
wing:
wing:
wing:

sparl
spar2
nribil
nrib2
nrib3
waffleGap

HOHH R H

fraction of chord for LE spar

fraction of chord for TE spar

number of internal ribs in region 1

number of internal ribs in region 2

number of internal ribs in region 3
distance between fuselage and wing root rib



fuse
fuse

fuse:

fuse

fuse
fuse
fuse

fuse:
fuse:
fuse:
:aftHeight
fuse:
fuse:

fuse

:noselist[1]
:noselist[4]

fwdLength

:noseHeight

:midWidth
:midHeight
:power

aftnSec
aftLength
aftWidth

aftCenter
aftTailExt

H H HHEH R

spanwise nose radius
vertical nose radius

length of

forward fuselage

zloc of center of nose

width of mid fuselage
height of mid fuselage
super-ellipse power of mid and aft fuselage

number of
length of
width of
height of
zloc of
length of

sectins in the aft portion
aft fuselage
aft fuselage
aft fuselage
aft fuselage
fuselage aft of htail/vtail
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fuse:bulkThick # bulkhead thickness
fuse:maxspace # maximum spacing between bulkheads



htail:
htail:
htail:
htail:
htail:
htail:
htail:
htail:

vc
length
aspect
taper
sweep
dihedral
thick
zroot

H OHE H K H R

htail volume coefficient

distance between htail root and wing root
htail aspect ratio

htail taper ratio

htail sweep

htail dihedral

htail thickness ratio

zloc of root LE



htail

htail:
htail:
htail:
htail:
htail:

htail
htail

:hinge[i,1]

hinge[i,2]
hinge[i,3]
hinge[i,4]
hinge[i,5]
hinge[i,6]

:hingel[i,7]
:hinge[i,8]
htail:

hinge[i,9]

HOHE HEH HHHEHHR

deflection

percent chord at ymin
ymin/span

z/t at ymin

percent chord at ymin
ymax/span

z/t at ymax

gap between control and wing
group (for AVL linking)
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htail:
htail:
htail:
htail:

waffleGap
sparl
spar2
nrib

# distance between fuselage and htail root rib
# fraction of chord for LE spar

# fraction of chord for TE spar

# number of internal ribs



vtail:
vtail:
vtail:
vtail:
vtail
vtail:
vtail:

vc
offset
aspect
taper

:sweep

thick
zroot

H H HHE H R H

vtail volume coefficient

difference between vtail:xroot and htail:xroot
vtail aspect ratio

vtail taper ratio

vtail sweep

vtail thickness

zloc of root LE



vtail

vtail:
vtail:
vtail:
vtail:
vtail:

vtail
vtail

:hinge[i,1]

hinge[i,2]
hinge[i,3]
hinge[i,4]
hinge[i,5]
hinge[i,6]

:hingel[i,7]
:hinge[i,8]
vtail:

hinge[i,9]

HOHE HEH HHHEHHR

deflection

percent chord at ymin
ymin/span

z/t at ymin

percent chord at ymin
ymax/span

z/t at ymax

gap between control and wing
group (for AVL linking)



vtail:sparl # fraction of chord for LE spar
vtail:spar2 # fraction of chord for TE spar
vtail:nrib # number of internal ribs



nacelle:
nacelle:
nacelle:
nacelle:
nacelle:
nacelle:
nacelle:

yb
dxnose
dznose
length
diameter
thick
camber

H H H HE H R H

semispan location of nacelle

x offset of nose from wing leading edge
z offset of nose from wing leading edge
length of nacelle

diameter of nacelle

thickness ratio of nacelle airfoil
camber ratio of nacelle airfoil



pylon:dxwing
pylon:dxnacelle
pylon:length
pylon:thick

# x offset from leading edge of wing

# x offset from leading edge of nacelle
# length of pylon

# thickness ratio of pylon



payload:
payload:
payload:
payload:
payload:
payload:
payload:
payload:

galleyLen
space
cockpitLen
fwdCargo
aftCargo
floorGap
zfloor
apulen

length of galley

x-spacing between components
length of cockpit

length of forward cargo hold
length of aft cargo hold
gap between floor and payloads
height of the floor

length of the APU
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