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ABSTRACT

Focusing on the actual needs of airfoil optimization design problems, this paper proposes to
use improved gradient-enhanced neural network as a surrogate model instead of CFD simulation
calculation to predict the aerodynamic parameters of airfoils. By comparing and testing the
traditional neural network, the gradient-enhanced neural network and the improved gradient-
enhanced neural network in this paper, the superiority of the network in terms of prediction
performance and convergence speed is clarified. For the preprocessing of data, this paper uses
singular value decomposition to parameterize airfoils and decompose airfoils into modes and
modal coefficients. The inverse distance-weighted interpolation method is used to construct a
constraint function to limit the modal coefficient and exclude abnormal airfoils. Latin hypercube
sampling was used to generate airfoil samples, and ADflow was used to calculate the aerodynamic
parameters and their derivatives. The results are used for the training of the improved gradient-
enhanced neural network to obtain a surrogate model for the prediction of the aerodynamics, and
the neural network is coupled with the optimization software package for airfoil aerodynamic
optimization. Compared with the high-fidelity CFD based optimization method, the optimization

results are almost indistinguishable, but the optimization time is greatly reduced.

KEY WORDS: Attificial neural network, Gradient, Airfoil optimization, SVD
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AR T RIS B AT R R

1 3.3 XS MO KL 24 SR 1 2 P T
BRI ML 75 B2 BRI LS ST . b T — B A A SRR A B ekt
K BT RAHE B, WX — s REOLR AR AR (3.5) A3, xpEaLe
(LB ORI AN e X T RS, AEBEE 30 R % F ) A A 7 I 3R A
PEr R I3 A O R (ERRAR S O AR[39], 2RHis % T a,, Fla,, (%

S(ac,, a,), BRBE NEBERS R, RATHEN:
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1) RS R AR 0 A 55, o, e ) R0S (0, )0 X BRI

PEBSINBGEE S, Plae, Mla,, AN IXIRFL 5, XA AT DRSS —
A RO pAL, S SRS R IUE .

2) MG R R RELS, pper = max(0,5), Sipwer = min(0,S).

SR, RIS m RS R AT ARG, SRR G T AR A, LT R
Ffo
3.2.2 FIRHRLIT &I F KA EE AR

FENAPREMN S 2 1T, 1B E KR RAFEAR, HXHbAT#E4T CFD 1HEA 3 15
$, DARCR S BB TR RS IS EC RS I SR, (B NUIGRIEANREA . X T
HHEA, HAMEH 14 MRS (7 DNEERSA 7 ANEERS) #H, WfTEEa €
H%m,%ﬁﬁMem&amo@%m@ﬁ&%%ﬁ%ﬁ%umm%%ﬁ%ﬁ@ﬁ%,%
VB Re ZRAL TG & [2.4 x 106, 5.0x10%]. TR E A, HAMEH 8 ML (4 M5
FERRAS AN 4 AN RERA) 6], AR a € [-1.5° 4.5°], SHiiuEEM € [0.7,0.85], &
WHEE Re € [5.6 X 108, 7.3x10°].

fE FIR AR EYE R, DA 3.2.1 1P I — VS REGE T, SR L T AL 7 R
(Latin Hypecube Sampling, LHS) SRA: SiFEAR . i T HE L 75 KA J7 18 i xof A8 83 [l T
AT X, BES DTN, BEHEAE, EREAR. X
AMRIEFEARDN 2 RAEER TG, AT XA PR, e TREANERRET . &
2R LHS J5%, AERCT 2000 ANYE & i BEAREA LK 2000 /N5 E i EAYREA
3.3 S[SHFASHIHEMHEITE
3.3.1 SEhhsHItE

AU TR ADflow 1E 7y CFD K s 247 sh /1250115, SR Spalart-Allmaras
TR AR RANS. FIH pyHyp FE4m'S Python B H zh A4 T E B ALK CFD W% . K
3.4 M pyHyp A RUANEI AL CFD W% .
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3.4 pyHyp A= B HIAS [F) 2 84 R 4%

3.32 #HEIEHE

HEA I ZREE (¥ 8 J5 — 20 R 3RS H AR R BOR T T AR R BB, SRR R B
(sensitivity)o 4 FRZE 53 T3 VERIURNT 7735 e e A3 B T 155 RBRE R e v 40, i 2%
ST REUZTHERE BT K, G il RBEN T AR RBUE, KRR
o HRARXAFONERITH R EH SRR R E LI R R (—L o I TT
2, WnE R, HabE R RS RO R R RO ROy =0 AN TR BE
V0 U e — T B g R B0 B SR AR T 0, A — 0 SRR AR I 5 253 0 SR A — AR 2R R b A
LRMEMIPERE TR, MRS LT SRR E G, KRS T R R 2l
] B TH R

AR FER K] ADflow B8 T BSHUEBE SR DIRE, A LA ROt 53) /1 S50 T
BAVREAAKR, 30 AR BRI o

FERTAE 3.2 W R BAREARAT T MR )5, B33 T S80S 500 T R ALA R
I FH, ARAH I i SR B RS KA AR R A kbR . N TR S
B TS KRB SEUM L, T5 R R A AR TS KRB SEUB R, FARYE B
IR BB S HO0 T RS KA SHUBEE, W T
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0y1

da.
ac; _ dC oy __ [aCl acl] i
dac 9y~ dac Loy Oynl |5,

da.

Z I, YRR L R4 BT s 10 o S v 5E

(3.6)
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ST bR SR 22 2% B I R A A AR AL e T

FIUE B E BN EIIGEMEBRM T
4.1 HEERAHZEMNERIIZ

4.1.1 G—LZTERMBEFRINGHERFIMAER

H T 7 3 R (2 7 AN RS AN 7 AN B RS, TS S s E A 4 A4
RS 4 AR, DI EATRIIGAEAR R 4E R A R . QR E PN E I 5
TR BRI, 58 A BN RN T LUK 2 i A i 35 ok 38 TR 0 B T e 0 i 42—
BRI e BT A iy A A% UG Rk

XEAFHT Martins HIBA\ISI ik, W& —AMREBUERE, TSR, S5
MR EEAS X0 x d, HAn R EARECR, AV MEARBERI4EE (B 7 RAEBS R
P NRENZHD . KL — DX, T8 7 S KRB MR sh 280, W]
RANNX = [Xee  Xam]» ZJ5 R HAES F S HHRE Bl & TN ZFE RS, AT Hin = gy, +

Ntrans: ﬁUS‘E&d = dsub + dtrans - 27 %ﬂ_iﬁ[]?

X 0 X
X = Cltrans aMrans (41)

0 X X ’

Ctsub aMsyp

4.1.2 NEER/IE

WZRRAE W E 4.1 . BB EaR 863 4.1.1 W5h RS+, SRE% mSANN
BATIEARNGR, B IUEM 2 TN RE 7 AIA BB R, W4kl ZR: # ik BIEk, Bk
A HHT 2000 MEARPIUIZRRCRAE, AR 7240 &I IHESEE, /I 42000 4~
TP S FE AR 4000 A5 FIEFEA

WIFE (BESME. B, Madfl. Refil—FHZE BEHREL
JERE. ENBE)

4.1 1% mSANN JifE K
N T VPl mSANN R (R, THE T B0 E AR A AR 22 1 Lo g (X 2.10).
BT HAFAR CEERIEANERE) AHXHRZER L ud:
€, = |ZrredYirue 10, (4.2)

1 Ytrue
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42 BEMAIRT

WZRsE)a, KIRMFH mSANN BARE & B0 L H . SNOPT (Sparse Nonlinear
OPTimizer) % EAGATHRAN . T IR UEASAY (R RICER A SOk P 2 S 25 3ok 38 4 31 e B
T — MR BATAACI
421 EERERMML

XTSI EA, AR NACA0012 BAENMTEH] . 1085 HF 4 & e 7E 0.45, LA
14 AMEZS RECFI AR vt AR &, I KRB B LHRNC, = 0.5, XFCo Bt AT /MU
N T AR B, B — IR RS R HITE NACA0012 (1 — I R BEREIZS I 90% L T,
A 13 AL REONFEHE 3.2.1 T kT AR

K 4.2 J&7~ T mSANN J7iER CFD Jv AT AL T 45 AT L, W DL B # 45
RILVF—3.

Cq4 (count) C a
ADflow MSANN ADflow MSANN
NACA0012 97.21 97.17 0.500 0.491 3.986
OPtadfiow 92.17 92.36 0.499 0.499 1.863
OPptmsann 92.18 92.36 0.500 0.500 1.864

0.1

———

-0.1

P 4.2 mSANN F1 ADflow %} NACA0012 34T 4k ) 45 Fxet Lrle]
4.2.2 BERERMML
ST 5 B A, A NACA SC(2)-0710 B AE AR 54 . T k4 [ 2 7F 0.72,
LA 8 MEES REFIE AR RV &, IR RBOKE LW NG, = 0.82, XFFH I RHC,
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SR RGN 4 Y SRR AL B
AT ERAME . STEHREML, Jy 7 lERAR IR B, Kk RS HIE NACA SC(2)-
0710 F)— B EFEREAS ) 90% LT, Hofx 7 MBS R AL 3.2.1 5 i 5 k- AT 4 3
Kl 4.3 JE7R T mSANN J7 5 CFD JPiEt AT A vt i 45 s e 1 T sk G HE
AMENEZ, BEREMNI TS L EEML SR 2, HNE RIS R
JUF—5, RUIEET mSANN I A7 A 2k

Cq4 (count) C a
ADflow MSANN ADflow MSANN
SC(2)-0710 114.44 1143.87 0.819 0.817 1.343
Optapfiow 101.31 101.36 0.820 0.818 0.848
Optmsann 101.43 101.47 0.822 0.820 0.864
0.1
-0.1

4.3 mSANN #1 ADflow % NACA SC(2)-0710 AT AL F 45 F X L8]

4.2.3 BEMEIZITHIRE

ADflow 47 RANS TSI I S5 SEHUEAFRLEA X . SERRIT, 20 S
RRF =R H P& CPU2 BB CREANTHE A rifid % 2 MR/RE R 8358CPU, R4
CPU B 32 #%, T NAF N 256G) 1§ il 64 #3175 — AN A KA T 2 120 £,
THH NS EAARARATE 50 #. 1HE 2000 MFEA, TFEHH 2] 66.6 /N, 5555
FHIS 2 28 /NBF . mSANN HIYIZRI K 2108 1 /) A2 CRir A4 91~ N MacBook Pro 2Eic
Ao B CFD J7ik i B ARALFERS 7E 20 3] 60 43802 7], T3ET mSANN {3 A
WAEI R L. ZIEBINZGN K, R FERMA R EED, AT mSANN
RIEAG ¥ SFERS EL 2T CFD IR EE 243 25 (HR AR EMRA R EE T 100 /M, FER
ATRAREFY, 1K mSANN ok 1 B 5 2] ) 7
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FHE RESRE

51 WREL

AW FCARER T R FH TR BE s A N T 28 X 2 A Dy AR B ABE R 6t 38 284 1) < 30 70 2 Bk AT T
MEse Sy, FHK IR F R BT 2. SO RRE SR T 4% mSANN @it
TEAL e 22 0 28 1R 401 2 BRI ) NBE FE LA BB 2800, B 1A 22 I 45 1 Tl e 73 A
Skie 71, FHFIH Rosenbrock BRNHALRIE T mSANN FIPERE M T ANN, SANN. Ky 13k
TFNGRph 2% Bl (s, (A A i, SR BSINBUBE TS, ST ST RS
JNEAT RABAE A . % FH TR CFD ¥  ADflow X FEA R BHAT BNTHE, FERH
BB RS I SRS R, B T IR AR5 o X2 P 4 34T 25
FA AR SNOPT HEATRAMRAL Uit it R W His & &l &, Ribg R
53T CFD iR B 45 R L F— 8 @ T BAEIR M & ML )5, ik id FEFERT
24 %, 53T CFD MAAE LE R KBRS T AL BT 7 B[]
52 MiRRE

W TE AR, R 7 HIThEEH BT si A 5838 . (B2 BT SSalm Th e Tk 34
PO A THARME 7 RERHESE, Ny T OT R A, SR8 9’5 — B M SE FIH  F i
Fihh, AR TRAPRE S, FUER 70 AR S HREE IS, T s
TSR, RTINS OVE R B A B IR . Ak, T RS R
B LR R R v] T etk — 22 (AT ST AR, IRFTANT B TH 20 R T7 22 G T DA SE 47 1 it 4 = %
BAMETHIL, SCRENS IR BB R ¥t 3 1]
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ik A prefoil BREIFALIE (G—1k) KBS
from prefoil import Airfoil, sampling
from prefoil.utils import readCoordFile
import numpy as np
import os
import math

import matplotlib.pyplot as plt

# read file list
sublib ='coord_seligFmt'

subobj = '/Users/Ixt/Desktop/5E ¥ /code/data/sub’

translib = 'sc2'

transobj = '/Users/Ixt/Desktop/ 5 ¥ /code/data/trans'

lib=sublib

obj=subobj
files = os.listdir(lib)
files_exist = os.listdir(obj+'/foil")

files_abnormal = os.listdir('/Users/Ixt/Desktop/ 55 ¥ /code/data/abnormal')

#skip .DS_Store

#files.remove('.DS_Store')
for fin files:

if fnot in files_exist and f not in files_abnormal:
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#skip .DS_Store

if f!1="DS_Store":

print(f)

# the coordinate file name
filename = lib+'/'+f

coords = readCoordFile(filename,1)

# create an instance of an airfoil

airfoil = Airfoil(coords)

# Sets the twist to zero, the chord to one, and the leading edge location to the origin

airfoil.normalizeAirfoil(True, True, True)

# number of sampling points
n=126

#n =151

# coordinates for the upper surface

coord_upper = np.zeros((n,2))

# coordinates for the lower surface

coord lower = np.zeros((n,2))

#container for camber and thickness
camber = np.zeros((n,1))

thickness = np.zeros((n,1))

# sampling method

pt = sampling.cosine(start=0.0, end=1.0, n=n, m=math.pi)
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np.savetxt(obj+"/pointx.dat",pt)

#coords = airfoil.getSampledPts(251, spacingFunc=sampling.conical, func args={"m":math.pi,
"coeft": 1})
coords = airfoil.getSampledPts(300, spacingFunc=sampling.conical, func args={"m":math.pi,

"coeft": 1})

# find y coordinate of the upper surface for each sample position
for i in range(n):

tempx, s = airfoil.findPt(pt[i], axis=0, s_0=0.4)

coord upper[i,0] = pt[i]

coord upper[i,1] = tempx[1]

#if coord upper[i,1]<0:

# coord upper[i,1] = coords[n-1-i,1]

# reset the coordinate so that the leading edge is at the origin

coord upper[0,1]=0.0

# find y coordinate of the lower surface for each sample position
for i in range(n):

tempx, s = airfoil.findPt(pt[i], axis=0, s _0=0.6)

coord lower[i,0] = pt[i]

coord lower[i,1] = tempx[1]

#if coord lower[i,1]> 0:

# coord lower[i,1] = coords[n-1+i,1]

#np.savetxt("/Users/Ixt/Desktop/ 2 ¢ /code/data/lower.dat" ,coord _lower)

# reset the coordinate so that the leading edge is at the origin

coord lower[0,1]=0.0
-25-
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#compute camber and thickness
for i in range(n):
camber[i] = (coord_upper[i,1]+coord lower[i,1])/2

thickness[i] = coord_upper[i,1]-coord lower[i,1]

#find the max value of camber

cambermax = max(camber)

#smoothing y coordinates
yupper0 = np.copy(coord_upper)
ylower0 = np.copy(coord_lower)

yupperk = np.copy(coord upper)

ylowerk = np.copy(coord_lower)

rel =0
times=0
while rel <= 0.003:
times = times+1
for i in range(1,n-1):
if(cambermax != 0):
p = math.sin(camber[i]/cambermax*math.pi/2)*0.2+0.05
else:
p=0.07
yupperk[i,1] = p*(coord_upper[i-1,1]+coord upper[i+1,1])+(1-p)*coord upper[i,1]
rel = np.linalg.norm(yupperk-yupper0)/np.linalg.norm(yupper0)
coord upper=yupperk

print(times)
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re2=0
times=0
while re2 <= 0.003:
times = times+1
for i in range(1,n-1):
if(cambermax != 0):
p = math.sin(camber[i]/cambermax*math.pi/2)*0.2+0.05
else:

p=0.07

ylowerk[i,1] = p*(coord_lower[i-1,1]+coord lower[i+1,1])+(1-p)*coord lower[i,1]

re2 = np.linalg.norm(ylowerk-ylower0)/np.linalg.norm(ylower0)
coord lower=ylowerk

print(times)

#plot foil

#figl=airfoil.plot()

#plt.show()

plt.plot(coord upper][:,0],coord upper][:,1])
plt.plot(coord lower][:,0],coord lower][:,1])
plt.ylim(-0.4,0.5)

plt.show()

#compute camber and thickness

for i in range(n):

camber[i] = (coord_upper[i,1]+coord lower[i,1])/2

thickness[i] = coord_upper[i,1]-coord lower[i,1]

cmd = input("if the airfoil meets requirement?")

if (cmd !="n"):
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8-

else:

# output file name
savefoil = obj+'/foil/'+f
savecamber = obj+'/camber/'+f

savethickness = obj+'/thickness/'+f

# write the coordinates of the upper surface (from TE to LE)

np.savetxt(savefoil,np.flip(coord_upper, 0))

# write the coordinates of the lower surface (from LE to TE)
with open(savefoil, 'a") as datfile:
# skip the origin

np.savetxt(datfile, coord lower[1:])

#save camber and thickness
np.savetxt(savecamber,camber)
np.savetxt(savethickness,thickness)

print('saved')

savefoil2 = "/Users/Ixt/Desktop/ 8 ¥ /code/data/abnormal/"+f
# write the coordinates of the upper surface (from TE to LE)

np.savetxt(savefoil2,np.flip(coord upper, 0))

# write the coordinates of the lower surface (from LE to TE)
with open(savefoil2, 'a') as datfile2:
# skip the origin

np.savetxt(datfile2, coord lower[1:])

print(‘abnormal’)
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import numpy as np
import os

import matplotlib.pyplot as plt

sub = '/Users/Ixt/Desktop/EE 1% /code/data/sub’

trans = '/Users/Ixt/Desktop/ ¢ 15 /code/data/trans'

regime = sub

# read file list

files=os.listdir(regime+'/camber")

if regime == sub:
#skip .DS_Store
files.remove(.DS_Store")
camber = np.zeros((126,1389))
thickness = np.zeros((126,1389))
foil = np.zeros((251,1389))

else:
camber = np.zeros((151,21))
thickness = np.zeros((151,21))

foil = np.zeros((301,21))

#sort names

files.sort()

i=0

29-
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for f in files:

# read file
datal=np.loadtxt(regime+'/camber/'+f)
data2=np.loadtxt(regime+'/thickness/'+f)

data3=np.loadtxt(regime+'/foil/+f)

#datal[0] =0

#data2[0] =0

#append to container
camber]:,i]=datal
thickness|:,i]=data2

foil[:,i]=data3[:,1]

i=1+1

#save camber

np.savetxt(regime+'/camberMatrix.dat',camber)

#save thickness

np.savetxt(regime+'/thicknessMatrix.dat',thickness)

#save foil

np.savetxt(regime+'/airfoil.dat',foil)

#load x coord

x=np.loadtxt(regime+'/pointx.dat’)

#plot c, t, and foil
-30-
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upperfoil=camber[:,0]+thickness[:,0]/2
lowerfoil=camber]:,0]-thickness[:,0]/2
plt.plot(x,camber[:,0],color="orange")
plt.plot(x,thickness|[:,0],color="royalblue")
plt.plot(x,upperfoil,color="r")
plt.plot(x,lowerfoil,color="r")
plt.ylim(-0.2,0.3)

plt.show()
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import numpy as np
import matplotlib.pyplot as plt

from scipy import interpolate

sub = '/Users/Ixt/Desktop/E 1% /code/data/sub’

trans = '/Users/Ixt/Desktop/ 5 15 /code/data/trans'

regime = sub

#svd function
def svd(M):
Args:
M: numpy matrix of shape (m, n)
Returns:
u: numpy array of shape (m, m).
s: numpy array of shape (k).
v: numpy array of shape (n, n).
u,s,v = np.linalg.svd(M)

returnu, S, v

#load camber matrix

datal = np.loadtxt(regime+'/camberMatrix.dat')

#load thickness matrix

data2 = np.loadtxt(regime+'/thicknessMatrix.dat')
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#load airfoil matrix

data3 = np.loadtxt(regime+'/airfoil.dat')

#load x coord
x = np.loadtxt(regime+'/pointx.dat’)

xnew = np.linspace(0,1,500)

#do svd
ul,sl,vl = svd(datal)
u2,s2,v2 = svd(data2)

u3,s3,v3 = svd(data3)

#save modes
np.savetxt(regime+'/cambermode.dat',ul)

np.savetxt(regime+'/thicknessmode.dat',u2)

#expand s to diagonal matrix

if regime == sub:
matl = np.zeros((126,1389))
mat2 = np.zeros((126,1389))
nl =126
n2="7

else:
matl = np.zeros((151,21))
mat2 = np.zeros((151,21))
nl =151

n2=4

-33.-
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for i in range(len(s1)):
matl[i,i] = sl[i]

mat2[i,i] = s2[i]

#save mode coefficients
np.savetxt(regime+'/cambermodecoef.dat',np.dot(mat1,v1))

np.savetxt(regime+'/thicknessmodecoef.dat',np.dot(mat2,v2))

#choose the number of modes
"for i in range(n1-n2):
ul[:,i+n2]=0

u2[:,i+n2]=0"

#mode sequence

i=0

#restore camber and thickness
cl=np.dot(ul,np.dot(matl,v1))
c2=np.dot(u2,np.dot(mat2,v2))
"fl=interpolate.interp1d(x[:],c1[:,i],kind='cubic")
f2=interpolate.interp1d(x[:],c2[:,i],kind='cubic")
curvel=f1(xnew)

curve2=f2(xnew)

#restore foil
upperfoil=c1[:,i]+c2[:,i]/2

lowerfoil=cl1[:,i]-c2][:,i]/2

xb=0

yb=-0.4
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for i in range(20):

#draw camber, thickness, and foil
plt.plot(x+xb,u3[:nl,i]+yb,color="royalblue')
plt.plot(x+xb,u3[nl1-1:,i]+yb,color="royalblue’)
#plt.plot(x+xb,u2[:nl,i],color="royalblue")
#plt.plot(xnew,curve2,color="royalblue’)
#plt.plot(x,upperfoil,color="r")
#plt.plot(x,lowerfoil ,color="r")
#plt.ylim(-0.2,0.3)
xb =xb+1.3
if 1%5 = 4:

xb=0

yb =yb-0.5

plt.show()

-35-
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import numpy as np
from pyDOE import lhs
import matplotlib.pyplot as plt
from scipy import interpolate

from simple idw import simple idw

sub = '/Users/Ixt/Desktop/EE 1% /code/data/sub’

trans = '/Users/Ixt/Desktop/ ¢ 15 /code/data/trans'

regime = sub

if regime == sub:

n="7

m = 1389

h=126
else:

n=4

m=21

h=151

#bound of coefficients

ub = np.zeros((4,1))

b = np.zeros((4,1))

modecoef = np.zeros((2*n,m))

modes = np.zeros((h,2*n))
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#read coefficients
modecoef]:n,] = np.loadtxt(regime+'/cambermodecoef.dat")[:n,]
modecoef[n:,] = np.loadtxt(regime+'/thicknessmodecoef.dat')[:n,]

samplecoef = np.zeros((2*n+2,2000))

#read modes
modes[:,:n] = np.loadtxt(regime+'/cambermode.dat")[ :,:n]

modes[:,n:] = np.loadtxt(regime+'/thicknessmode.dat")[:,:n]

#modes coefficients bounds
f={]
ac = modecoef[:n,]
at = modecoef[n:-2,]
x = np.linspace(min(ac[0]),max(ac[0]),50)
y = np.linspace(min(at[0]),max(at[0]),20)
XX, yy = np.meshgrid(x, y)
xx = xx.flatten()
yy = yy.flatten()
for i in range(2*n):
ifi==0ori==n:
f.append(None)
continue
z = simple_idw(ac[0], at[0], modecoef]i,], XX, yy)
f.append(interpolate.interp2d(x, y, z, kind='cubic'))

# print(fi])

#angle and Mach number bound
ub[0] = max(modecoef[0,])

1b[0] = min(modecoef]0,])

-37-
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ub[1] = max(modecoef]n,])
Ib[1] = min(modecoef[n,])
ub[2] = 4.5

Ib[2] =-1.5

ub[3]=0.85

1b[3]=0.7

#lhs sample
samplecoef[0] = 1b[0]+(ub[0]-1b[0])*1hs(1,2000).transpose()
samplecoef[n] = 1b[ 1]+(ub[1]-1b[ 1])*1hs(1,2000).transpose()
samplecoef[-2] = Ib[2]+(ub[2]-1b[2])*1hs(1,2000).transpose()
samplecoef[-1] = Ib[3]+(ub[3]-1b[3])*1hs(1,2000).transpose()
acl = samplecoef0]
atl = samplecoef[n]
for i in range(2*n):
ifi==0ori==n:
continue
for j in range(2000):
# print(i)
lowerbd = min(0,f[i](ac1[j],at1[j]))
upbd = max(0,f[i](ac1[j],at1[j]))

samplecoef]1,j] = lowerbd+(upbd-lowerbd)*lhs(1,1).transpose()

#restore c,t,and foil

camber = np.dot(modes|[:,:n],samplecoef[:n,:])
thickness = np.dot(modes|[:,n:],samplecoef[n:2*n,:])
upperfoil = camber+thickness/2

lowerfoil = camber-thickness/2

upperfoil[0,:] =0
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lowerfoil[0,:] =0

#load x coord

x = np.loadtxt(regime+'/pointx.dat’)

print(samplecoef.shape)

plt.plot(x,upperfoil[:,:1],color="orange")
plt.plot(x,lowerfoil[:,:1],color="royalblue")
plt.ylim(-0.2,0.3)

plt.show()

#save camber
np.savetxt(regime+'/foilsample.dat',np.flip(upperfoil,0))
with open(regime+'/foilsample.dat', 'a") as datfile:

# skip the origin

np.savetxt(datfile, lowerfoil[1:])

#save states

np.savetxt(regime+'/statesample.dat',samplecoef[-2:,:])

y = np.vstack((np.flip(upperfoil,0),lowerfoil[ 1:]))
x = samplecoef]:8,:]
dy = np.zeros((2*n,2*h-1,1999))
for i in range(2*n):
for j in range(2*h-1):

dy[ij,:] = np.diff(y[j,:])/np.diff(x[i,:])

#save gradient

#np.savetxt(regime+'/gradient.dat',dy)

-390-



R R K ARV BT G0

-40-

import numpy as np

def distance matrix(x0, y0, x1, y1):
obs = np.vstack((x0, y0)).T

interp = np.vstack((x1, y1)).T

# Make a distance matrix between pairwise observations

# Note: from <http://stackoverflow.com/questions/1871536>
# (Yay for ufuncs!)

dO = np.subtract.outer(obs[:,0], interp[:,0])

d1 = np.subtract.outer(obs[:,1], interp[:,1])

return np.hypot(d0, d1)

def simple idw(x, y, z, xi, yi):

dist = distance matrix(x,y, xi,yi)

# In IDW, weights are 1 / distance

weights = 1.0 / dist

# Make weights sum to one

weights /= weights.sum(axis=0)

# Multiply the weights for each interpolated point by all observed Z-values
zi = np.dot(weights.T, z)

return zi
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