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Dynamic Response Simulations

Makoto UENO*, Norikazu SUDANT*, Masataka KOHZAT",
Yoshihito GANAHAT and Naoki KON

abstract

The JAXA 2mx2m transonic wind tunnel utilizes total pressure and static pressure measured
in the settling chamber and the plenum chamber respectively to compute Mach number. Very
long period fluctuations of these pressures occur and it had been thought that such changes
did not exert a significant influence on Mach number measurement. However, the pressure
measurement systems employed very long tubes and it transpired that the phase difference
between two measured pressures made the Mach numbers fluctuate. Consequently, the pipes
having an optimal length and the inner diameter were designed and installed. To carry out this
optimization, a computer program was developed that is capable of computing the response
characteristics of pressure measurement systems without flow. The source code of the program
is appended to the end of the report.
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1 clear all
2
3 YFig 10.
4 Caliber = [.5 .75 1.25]1%1e~3%2;%inner diameter of the tube
5 Length = 1000e-3;%tube length
6 Volume = 300%(1e-3)73;%pressure transducer volume
7 Sigma = 0;%dimensionless increase in transducer volume
8 %
9 for num = 1:length(Caliber)
10 p(num) = drpms(Caliber (num), Length, Volume, Sigma);
11 end
12
13 Ts = 15%ones{(length(p),1)+273.15;
14 Ps = 101325xones(length(p),1);
15
16 fmat = [1 300];
17  bode(p, Ts, Ps, fmat);
18 subplot(2,1,1)
19 legend(’R=O.5mm’,’R=O.75mm’,’R=1.25mm’)
20 = get(gca, ’children’);
21 set(h(2), ’LineStyle’, ’=-.7)
22  set(h(3), ’LineStyle’, ’~=’)
23 = get(subplot(2,1,2), ’children’);
24 set(n(2), ’LineStyle’, ’-.’)
25  set(n(3), ’LineStyle’, ’-~7)
X 14: BN 1 ROHIZFITSHA2 ) T b
H— FREOMfRIC ZERRE, AESE. AHARMSLETH 20T, 1317H L 14TE CHRR
ELEBSES FNFNERLTVSE, IALBFNFNOF TV 27 ML T— OTOWﬁTéM%

] T
WHBHOT, p LALESONZ PLE LTERL T2, SIEERBIIRRES S & RARERTRE
TBZ 2o THBY, 1647HT tnat = AREH A RKEEH] OB TEREIN TN
FCVER L7z drpns A TV 2 7 b p I LUK — FRRIOEREZIRRL TV ADPF ITITHTH %,
COBITIREHIZ T T TORHH T 72783 TH A, 7T 7OVEBRICERT AHET - 2Bz
AW 17T4THE

[mag, phse, f] = bode(p, Ts, Ps, fmat

Y AT L, S A Y mag. MARIEA phse, FHE LB (V7 7 OME) £ INT M ELTRS
ND, ZDLI I bode DA EERLIEEE YT 7IEIEREN L WO TEEFLETH 2,

A2.2 BEE2AREZEELLBS

KoBlE LCRE 2 RAERLSE 2R . COBIFCRE 1 0L ) RRE - & T —ROEMICHE
SN b oL LTREOBERER- TS (M 15() 7% FEORTEERICE Y F—s T 07259
BREBHED 2. RBICHRE o7k —ORERE 0 L TAE (M I5(D). BECASIECEI &
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Thbb, K 15(b) BT Ly = 250mm, V,;=0mm?®, R; =0.75mm, Ly = 750mm, V,, = 300mm?>,
Ry =0.5,0.75, 1.25mm & L7=BAETH 5,

ZOBITH, XHEL 1] DR E drpms ORI E R L TA L, XA L5 L72F— PR ZE 16(a)
[ZR L. drpms TIERL L 72K — FHRIZE 16(b) 1R T MEO—FITR (| drpms (ZLHK [1] DR — N
MEBHTELI L2005,

Matlab® O— ROEREK
KT, ZOFOR— FERIZERT 2 FEEDO MATLAB® 22 1) 7+ 2 17 1IRT, 72771, HFDfT
FHREHACEE FMHT 6N TWwALDT, EIZZATLTELS v, DBOFTEH., 750w

CFERRTH B,

ZOFITCEADORELERL TOADT, 447THP»H 10fTHF CTENENDORED /AT A —F 2 E
#FLTWh,

—AREHOBBEIE T~ AT EITNTGT A= PR LB VDT, 1247HTp1 & LTHZ T EHET L,
REAOEE Iy —AZEICARNET 5720, 13~164THD for W — 7 THlA, p2 & LTEHL, 15
ITETpl EEHET 5,

BATHTEUTO L) ZMEEET (1) 24H LAKREPBETL0. CNIEZEET % drpns 47
Ve M LTHEERLLEZLICE > THATEL LI A>TV ADDT, ZOEGITTHRTIZR W
(pl+p2#p2+pl)e Thbb, ZOHAEE pl TEBESNEHEEFOIZ I p2 L1 BIRETH S
ZepEsREN A (| 15(b) TIEAM),

p(aum) = pl + p2;

RIS, LT O L )il L725a, pt 205 pd BRBR A 5 & ¥ ¥ — HIRu A~ A1D - TIRIZER S 1
TW2iThiEz 6z,

p =pl + p2 + p3 + p4;
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1 clear all

2

3 YFig 16.

4 Caliberl = .75e-3%2;%inner diameter of the tubel;

5 Caliber2 = [.5 .75 1.25]%ie-3%2;%inner diameter of the tube2

6 Lengthl = 250e-3;%tubel length

7  Length2 = 750e-3;%tube2 length

8 Volumel = 0.0;%pressure transducerl volume

9 Volume2 = 300%(1le-3)73;%pressure transducer2 volume

10 Sigma = 0;%dimensionless increase in transducer volume

1%

12 pl = drpms(Caliberl, Lengthl, Volumel, Sigma);%tubel comstruction

13 for num = 1:length(Caliber2)

14 p2 = drpms{(Caliber2(num), Length2, Volume2, Sigma);%tube2 construction
15 plnum) = pi + p2;%tubel & tube2 connection

16 end

17

18 Ts = 1b*ones(length(p),1)+273.15;

19 Ps = 101325xones(length(p),1);

20 ’ :

21 fmat = [1 300];

22  bode(p, Ts, Ps, fmat);

23 subplot(2,1,1)

24 legend (’R2=0.5mm’, ’R2=0.75mm’, ’R2=1.25mm’)

25 h = get(gca, ’children’);

26 set(h(3), ’LineStyle’, ’-.7)

27  set(h(1), ’LineStyle’, ’--’)

28 h = get(subplot(2,1,2), ’children’);

29  set(h(3), ’LineStyle’, ’-.7)

30 set(n(1), ’LineStyle’, '--7)

17 BEF 2RO ZETTTHAZ )T b

EHFOBIRG BRI CREYR)BEOFERLLTC, BROBII a7 F v s - ak s il
L THRAERMRITON TV AHE, 5.2 THERLNA TN L) ILEEBLERTILVHENZ VDT,
INE—OOMVEEE LTy Ial—Ya VICHAAND ZEPULETH B,
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mu0  TsO[K]. latm TORMAREL [Pa-s] 18.2e-6
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p\num) = etv\plnumy, g s, J.0UDDO/0);

NG A= Z MEOMEBEEERLTANTAILLTE S,

p(oum) = set(p(num), ’g’, 9.80665/6, ’RO’, 4124);
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>> get(p(1))
g : 1.6344

lambdaTable :

Temperature

Conductivity :

gamma : 1.4
k¥ 1.4
RO : 4124

: 7.3150e+001 1.7315e+002 2.7315e+002 3.7315e+002

5.0200e-002 1.1240e-001 1.6820e~-001 2.1180e~001

mu0 : 8.8e-006

S 72
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28
1 clear all
2
3 YFig 16.
4 Caliberl = .75e-3%2;%inner diameter of the tubel;
5  Caliber2 = [.5 .75 1.25]%1e-3%2;%inner diameter of the tube2
6 Lengthl = 250e-~3;%tubel length
7  Length2 = 750e-3;%tube2 length
8 Volumel = 0.0;%pressure transducerl volume
9  Volume2 = 300%(le-3)73;%pressure transducer2 volume
i0 Sigma = 0;%dimensionless increase in transducer volume
1 %
12 pl = drpms(Caliberl, Lengthl, Volumel, Sigma);%tubel construction
13 for num = 1:length(Caliber2)
14 p2 = drpms(Caliber2(num), Length2, Volume2, Sigma);tube2 construction
15 p(aum) = pl + p2;¥%tubel & tube2 connection
16 fparameter changes
17 T = [-200; -100; 0; 100]+273.15;
18 lambda = [5.09; 11.24; 16.82; 21.18]=*le-2;
19 p(aum) = set(p(num),
20 ’g?, 9.80665/6, ...%gravity is 1/6G.
21 ’lambdaTable’, [T lambdal, ...%thermal conductivity of H2
22 ‘gamma’, 1.4, ...%specific heat ratio of H2
23 ’RO’, 4124, ...%gas constant of H2
24 'mu0’, 8.8e-6, ...%viscosity of H2 at TsO and latm
25 ’S?, 72);%Sutherland’s constant of H2 at latm and p.TsO
26 end
27
28 Ts = 15xomnes(length(p),1)+273.15;
26 Ps = 101325%ones(length(p),1);
30
31  fmat = [1 300];
32 bode(p, Ts, Ps, fmat);
33 subplot(2,1,1)
34 legend(’R2=O.5mm’,’R2=O.75mm’,’R2=i.25mm’)
35 h = get(gca, ’children’);
36 set(n(3), ’LineStyle’, ’~.7)
37 set(h(1), ’LineStyle’, ’--7)
38 h = get(subplot(2,1,2), ’children’);
39  set(h(3), ’LineStyle’, ’-.7)
40 set(h(1), ’LineStyle’, ’--7)
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step(p, Ts, Ps, fmat)

legend (’R=0.5mm’,’R=0.75mm’, ’R=1.25mm’)
h = get(gca, ’children’);

set(h(2), ’LineStyle’, ’~-.”)

set(h(3), ’LineStyle’, ’-=7)
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[y, t] = step(p, Ts, Ps, fmat)
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x0 = [(0:0.01:1)’; ones(400,1)]1;
tmax = 0.05;

transient (p, Ts, Ps, x0, tmax)

LV X5, EBOANERE 20OMERME5 2 5,

COEEOHRNIR 2D L)1 % ), MOLETHWATI. THEGVEDOATI %52 bW HBEDOIEE%
R o AOBREBRGE A Y FENETWELD, AT v TIEDEED L) VL EA%0 IZEH
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1 clear all

2

3 Caliber = [.5 .75 1.25]1%x1e-3%2;%inner diameter of the tube
4  Length = 1000e-3;Y%tube length

5 Volume = 300%(1e-3)73;lpressure transducer volume

6 Sigma = 0;%dimensionless increase in transducer volume

T %

8 for num = 1:length(Caliber)

9 p(num) = drpms{Caliber(num), Length, Volume, Sigma);
10 end

11

12 Ts = 15xones(length(p),1)+273.15;
13 Ps = i01325%ones(length(p),1);

14
15 x0 = [(0:0.01:1)7; ones(400,1)];
16 tmax = 0.05;

17  transient(p, Ts, Ps, x0, tmax)

18 subplot(2,1,2)

19  legend (’R=0.5mm’, ’R=0.75mm’, ’R=1.25mm’)
20 h = get(gca, ’children’);

21 set(h(2), ’LineStyle’, ’>-.7)

22 set (h(3), ’LineStyle’, ’~-?)

23 h = get(subplot(2,1,2), ’children’);

24 set(h(2), ’LineStyle’, ’-.7)

25 set(h(3), ’LineStyle’, ’~--)
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e Qdrpms

drpms.m JIYA NI F

get.m /37 X — ¥ HiE

set.m /X7 A — ¥ FRE
getresponse.m JEJICERTHE
bode.m R — FEEIER

step.m A7 v TILEHREINER
transient.m EEATIILEREIVER
plus.m NMEHEHBETOHESR

e @drpms/private

)

viscosity.m WAEREEE ;
airconductivity.m ZZROMEERLINTT 2 (BEF—51E (6] 10X 5)

edrpms [ZIZABH A VY RO &I, drpos 47 V27 MO L THAT 52 £ 47T E 5, @drpms/private
DOFFEIAEAV Y FIZXo THIHENLIEREAY Yy FTHY, -V —PEBEFCH L THEHRTLZ
EIETE RV,

C.1 drpms.m

function p = drpms(caliber, len, volume, sigma, nextSystem)
%

B DD b b e b et e el
O W 00 N O O W

22

¥  DRPMS is the comstructor of drpms (dynamic respomse of pressure measuring systems) class.
%

% P = DRPMS(CALIBER, LEN, VOLUME, SIGMA) returns an object of the drpms class.
%  The object implements the series connection of tubes and transducers.

)

% CALIBER is the inner diameter of the tube (in meter), LEN is the length

%  of the tube (in meter), VOLUME is the pressure transducer volume and SIGMA is
% a dimensionless increase in transducer volume due to diaphragm deflection.

% .

% P = DRPMS(CALIBER, LEN, VOLUME, SIGMA, NEXTSYSTEM) returns an object

% which represent the tube & pressure transducer system adjacent to NEXTSYSTEM.
)

% This class design is based on NLR-TR F.238.

%

%  Example:

%

% This example represents the system which were examined in Fig 16. of NLR-TR F.238
)

%  4Fig 16.

%  Caliberl = .75e-3%2;%inner diameter of the tubel;

% Caliber2 = [.5 .75 1.25]%1e~3%2;}inner

er
Lengthl = 250e-3;%tubel length
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25 % Length2 = 750e-3;%tube2 length

26 %  Volumel 0.0;%pressure transducerl volume

27 %  Volume2 = 300%(1e-3)"3;%pressure transducer2 volume

28 % Sigma = 0;%dimensionless increase in transducer volume

29 h %

30 % pl = drpms(Caliberl, Lengthl, Volumel, Sigma);%tubel comstruction
31 % for num = 1:length(Caliber2)

32 % p2 = drpms(Caliber2(num), Length2, Volume2, Sigma);%tube2 comstruction
33 % p(oum) = pl + p2;Ytubel & tube2 connection ,

34 % end

3B %

36 % Ts = 1B5%ones(length(p),1)+273.15;

37 % Ps = 101325%ones(length(p),1);

38 %

39 % fmat = [1 300];
40 % bode(p, Ts, Ps, fmat);

42 % See also drpms/get, drpms/set, drpms/getresponse, drpms/bode, drpms/step,
43 %  drpms/transient, drpms/plus

45 %  Author:
46 % Makoto Ueno (ueno.makoto@jaxa.jp)

a7 %
48 %  License:
49 %

50 % Copyright (c) 2006, Japan Aerospace Exploration Agency
51 % A1l rights reserved.

53 % Redistribution and use in source and binary forms, with or without modification,
54 %  are permitted provided that the following conditions are met:

55 % 1. Redistributions of source code must retain the above copyright notice,

56 % this list of conditions and the following disclaimer.

57 % 2. Redistributions in binary form must reproduce the above copyright notice,

58 % this list of conditions and the following disclaimer in the documentation

59 % and/or other materials provided with the distribution.

60 % 3. Neither the name of the Japan Aevospace Exploration Agency nor the names

61 % of its contributors may be used to endorse or promote products derived from
62 % this software without specific prior written permission.

63 %

64 % THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND
65 %  ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TG, THE IMPLIED
66 %  WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPUSE ARE

67 % DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR
68 %  ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
69 % (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

70 % 1L0OSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
71 %  ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT

72 % (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
73 %  SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

75 p.g = 9.80665;%acceleration of gravity

76  p.lambdaTable = airconductivity;%thermal conductivity table

77 p.gamma = 1.4;%specific heat ratio

78  p.k = 1.4;%polytropic exponent

79 p.RO = 287;lgas constant of air

80 p.TsO = 293.15;%Temperature of air at which the Sutherland’s constant is defines.
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p.mul = 18.2e-6;%viscosity of air at latm and p.TsO
p.S = 117;%Sutherland’s constant of air at latm and p.TsO
if nargin==0
p-tube.radius = [];
p.tube.length = [];
p.tube.volume = [J];
p.volume.sigma = [];
p.volume.volume = [];
p.nextSystem = [];
else
error(nargchk(4, 5, nargin)) :
if ~(isnumeric(caliber)&isnumeric(len)&isnumeric(volume)&isnumeric(signa))
error (’@drpms/drpms: input args must be numeric.’)
elseif " (length(caliber)==1&length(len)==1&length(volume)==1&length(sigma)==1)
error (’@drpms/drpms: input args must have length of 1.°)
end
if nargin == 4
p.tube.radius = caliber/2;
p.tube.length = len;
p.tube.volume = pi.*p.tube.radius.”2.*p.tube.length;
p.volume.sigma = sigma;
p.volume.volume = volume;
p.nextSystem = [];
elseif nargin ==
p.tube.radius = caliber/2;
p.tube.length = len;
p.tube.volume = pi.*p.tube.radius. 2.*p.tube.length;
p.volume.sigma = sigma;
p.volume.volume = volume;
p.nextSystem = nextSystem;
end
end
p = class(p, ’drpms’);
C.2 get.m
function value = get(p, name)
% GET returns the attribute of DRPMS object.
%
% GET(P) returns the value of all of the changeable attributes of DRPMS object.
y ,
% VALUE = GET(P, NAME) returns the attribute of DRPMS object.
% You can specify the attribute name, NAME.
% NAME must be ’g’, ’lambdaTable’, ’gamma’, ’k’, ’RO’, ’mul’ or ’S’.
% g’ -- acceleration of gravity
% ’lambdaTable’ -~ thermal conductivity table
% ’gamma’ ~- specific heat ratio
yA 'k’ -~ polytropic exponent
% ’RO’ -~ gas constant .
% ’Ts0’ -- Temperature of air at which the Sutherland’s constant is defines
% ’mu0’ -~ viscosity of gas at latm and 283.15K(=20.0deg.C)
% ’3’ -~ Sutherland’s constant of gas at latm and 293.15K(=20.0deg.C)
% ‘nextSystem’ ~~ The next system
%
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See also drpms, drpms/set, drpms/getresponse, drpms/bode, drpms/step,
drpms/transient, drpms/plus

Author:
Makoto Ueno (ueno.makoto@jaxa.jp)

License:

Copyright (c) 2006, Japan Aerospace Exploration Agency
A1l rights reserved.

Redistribution and use in source and binary forms, with or without modification,

are permitted provided that the following conditions are met:

i. Redistributions of source code must retain the above copyright notice,
this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice,
this 1list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

3. Neither the name of the Japan Aerospace Exploration Agency nor the names
of its contributors may be used to endorse or promote products derived from

this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR
ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

if length(p) =1

end
varnames = {’g’, ’lambdaTable’, ’gamma’, ’k’, ’R0’, ’Ts0’, ’mu0’, ’S’, ’nextSystem’};

if “exist(’name’,’var’)
fn = varnames;
for num = 1:length(fn)
if strcmp(fn{num}, ’>lambdaTable’)
fprintf (i, [fn{num} > : \n’1)
str = [’\tTemperature O
num2str(p. (fn{aum}) (:,1)°,7%56.4e 7)) ’\n’]l;
fprintf (1, str);
str = [’\tConductivity : ’ ...
num2str (p. (Fn{nun}) (:,2)7,°%5.4e ) ’\n’];
fprintf (1, str);
elseif strcmp(fn{num}, ’nextSystem’)
if isempty(p.(fn{num}))
fprintf (1, [fn{num} > : empty\n’])
else
fprintf (1, [fa{num} > : exist\n’])
end )

else
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fprintf (1, [fo{num} ’\t : ’> num2str(p.(En{num}))
end
end
else

switch name

case varnames

value = p. (name);

otherwise

error([’’’’ name ’’’ is not a valid drpms property\n ’...

’drpms properties: g, lambdaTable, gamma, k,

'RO, mu0, S, nextSystem’], [1)
end
end

2 at
2 SET.113

function p = set(p, varargin)

% SET returns the attribute of DRPMS object.

%

% P = SET(P, ’PeopertyNamel’, PropertyValuel) sets the attribute of DRPMS.
% You can specify the attribute name, NAME.

% NAME have to be ’g’, ’lambdaTable’, ’gamma’, ’k’, ’R0’, ’mul’ or ’S5’.

’\n’]1)

b

% ‘g’ ~-- acceleration of gravity

% ’lambdaTable’ -~ thermal conductivity table

% ’gamma’ -- specific heat ratio

% 'k’ -~ polytropic exponent

% ’RO’ -— gas constant

% ’Ts0? -- Temperature of air at which the Sutherland’s constant is defines
% *mu0’ -~ yigcosity of gas at latm and ’TsO’

% '8’ -~ Sutherland’s constant of gas at latm and ’TsO’

% 'nextSystem’ —-- The next system

%

% P = SET(P, ’’PropertyNamel’, PropertyValuel,’PropertyName2’ ,PropertyValue2, ...
% sets multiple property values with a single statement. Note that it

% is permissible to use property/value pairs.

%  See also drpms, drpms/get, drpms/getresponse, drpms/bode, drpms/step,
%  drpms/transient, drpms/plus

%  Author:
%  Makoto Ueno (uenc.makoto@jaxa.jp)

%  License:

%  Copyright (c) 2008, Japan Aerospace Exploration Agency
%  All rights reserved.

%  Redistribution and use in source and binary forms, with or without modification,

%  are permitted provided that the following conditions are met:

% 1. Redistributions of source code must retain the above copyright notice,

% this list of conditions and the following disclaimer.

% 2. Redistributions in binary form must reproduce the above copyright notice,

Vi this list of conditions and the following disclaimer in the documentation

7o Ll CONG1lLiiils allQ

% and/or other materials provided with the distribution.
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3¢ % 3. Neither the name of the Japan Aerospace Exploration Agency nor the names

40 % of its contributors may be used to endorse or promote products derived from
VAT 4 this software without specific prior written permission.
42

43 %  THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND
44 %  ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
45 %  WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE

46 % DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR
47 %  ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
48 % (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

49 %  L0SS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
50 %  ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT

51 % (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY QUT OF THE USE OF THIS

52 % SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

53

54 if length(p) =1

55 error(’@drpms/set: the length of ’’p’’ must be one.’);

56 end

57 propertyArgin = varargin;

58

59 if mod(length(propertyArgin), 2) "= 0

60 error([’@drpms/set: you can use ’’PeopertyName’’ and ...

61 » 13 propertyValue’’ in pair.’]);

62 end

63 while length(propertyArgin) >= 2

64 prop = propertyArgin{i};

65 val = propertyArgin{2};

66 if “ischar(prop)

67 error([’@drpms/set: you can use ’’PeopertyName’’ and ’...
68 2 PropertyValue’’ in pair.’]);

69 else

70 switch prop

71 case {’g’, ’lambdaTable’, ’gamma’, ’k’, ’RO’, ’Ts0’, ’'mu0’, ’S’}
72 p. (prop) = val;

73 if “isempty(p.nextSystem)

74 set (p.nextSystem, varargin{:});

5 end

76 case ’nextSystem’

77 if isa(val, ’drpms’)

78 p.nextSystem = val;

79 else

80 error (’’’nextSystem’’ have to be ’’drpms’’ object.’);
81 end

82 otherwise

83 error([’drpms properties: g, lambdaTable, ’

84 ‘gamma, k, RO, TsO, mul, S’
85 end

86 end

87 propertyArgin(i:2) = [];

88 end

C.4 getresponse.m

ponse(p, Ts, Ps, £)
t e

he pressure output/intput ratio in complex numbers.

1 function ﬁipﬂ = getres

2 % GETRESPONSE returns
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% PiP0 = GETRESPONSE(P, TS, PS, F) returns the pressure output/input ratic

pA in the form of complex number array. The length of P, TS and PS must be 1.

% P is the drpms object, TS is the ambient static temperature, PS is the ambient
% static pressure and F is the frequency to be computed.

% The response P1PO is computed along with the frequency vector F.

% See also drpms, drpms/get, drpms/set, drpms/bode, drpms/step,
%  drpms/transient, drpms/plus

%  Author:
%  Mskoto Ueno (ueno.makoto@jaxa.jp)

% License:

%  Copyright (c) 2006, Japan Aerospace Exploration Agency
% All rights reserved.

% Redistribution and use in source and binary forms, with or without modification,
%  are permitted provided that the following conditions are met:
% 1. Redistributions of source code must retain the above copyright notice,

% this list of conditions and the following disclaimer.

% 2. Redistributions in binary form must reproduce the above copyright notice,

% this list of conditions and the following disclaimer in the documentation
% and/or other materials provided with the distribution.

% 3. Neither the name of the Japan Aerospace Exploration Agency nor the names

% of its contributors may be used to endorse or promote products derived from
% this software without specific prior written permission.

%  THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND
%  ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED

%  WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE

%  DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR
%  ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES

IMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

T R CAUSED ANTY

, PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
%~ ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
% (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY QUT OF THE USE OF THIS

%  SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

vars = {’p’, ’Ts’, ’Ps’};
for num = i:length(vars)
if eval([’length(’ vars{num} ’)~=1’]1)
error{[’@tijdeman/getresponse: the length of ’’’ vars{num} ...
’77 must be one.’]);
end
end
s = size(f);
if length(s)"=2]all(s™=1)
error (’@tijdeman/getresponse: ’’f’’ must be a vector.’)
else
if s(i)==1
f=1;
end

[0
£
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[alpha{1}, x{1}, n{1}, phi{1}] = values(p, Ts, Ps, £);

JRIFEETEE T

if isempty(p.nextSystem)

plpG = ...
(cosh(phi{i}.#*p.tube.length)+ ...

els

end

e

n{i}.*p.volume.volume./p.tube.volume.
.xphi{1}.*p.tube.length.*sinh(phi{1}.*p.tube.

g = p.nextSystem;
[alpha{2}, x{2}, n{2}, phi{2}]
p2pl = getresponsel(qg, Ts, Ps, f);
plp0 = ...
(cosh(phi{1l}.#p.tube.length)+ ...
n{1}.#p.volume.volume./p.tube.volume.*(p.volume.sigma+l/p.k)
.*phi{1}.#*p.tube.length.*sinh(phi{i}.*p.tube.length)+ ...
(g.tube.volume.*phi{l1}.%p.tube.length.*n{1}.* ...

I = find
pip0(D)

=0) ;

(£=
=1;

sinh(phi{1}.*p.tube.length))./ ...

= values(q, Ts, Ps,

BHHIBE DIEAIE Y S 2 L— s VI X B

i

At
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#(p.volume.sigma+1/p.k)
length)) . (-1);

£);

(p.tube.volume.*phi{2}.*q.tube.length.*n{2}.% ...

sinh(phi{2}.%q.tube.length)).* ...

(cosh(phi{2}.%q.tube.length)-p2p1)) .~ (~1) .*p2pl;
q g 1% p<p

function [Alpha, X, N, Phil

a0 = sqrt(p.gamma.*p.RO.*Ts);%velocity of sound

= values(p, Ts, Ps, )

rho = Ps./(p.RO.*Ts);%density
viscosity(Ts, p.TsO, p.mu0, p.S);%viscosity
Cp = p.RO*p.gamma/(p.gamma-1) ;%speciic heat at constant pressure
lambda = :
mu. *Cp./lambda;¥Prandtl number
2xpixf;Y%frequency (rad/sec)

mu

Pr
nu

]

Aﬁ
X
N

Phi

inh

a =

ila

(

interpl(p.lambdaTable(:,1),

1°02/9) xn i
. XD

EXAN e ¥

C.5 bode.m

function [mag, phse, f] = bode(p, Ts, Ps, fmat, yscale)

+
19

Alpha.*sqrt(Pr);
1+(p.gamma-1) /p.gammax*besselj(2,X) ./besselj(0,X)).7(-1);
nu./a0.*sqrt (besselj (0,Alpha) . /besselj(2,Alpha) . *p.gamma. /N) ;

11

% BODE Bode frequency response of DRPMS object.

BODE(P, TS, PS,
DRPMS object P.

the
The
F =
The
You
The

frequency range and number of points are based on a vector

p.lambdaTable(:,2), Ts);%thermal conductivity

[FRQ_STEP MAX_FRQ], YSCALE) draws the Bode plot of

FRQ_STEP:FRQ_STEP:MAX_FRQ.
scale of the y-axis of the magnitude YSCALE is optional.
can specify the kind of the yscale from ’linear’, ’db’ or ’log’.
default is ’linear’.
linear scale.
decibel scale.

’linear’
7db)
’10@’

logar

ithnmic
1ol

e
sCait.
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[MAG,PHSE,F] = BODE(P, TS, PS, [FRQ_STEP MAX_FRQJ], YSCALE) return the
response magnitudes and phases in degrees (along with the frequency
vector F). ©No plot is drawn on the screen. If the length of P is N,
MAG and PHSE are arrays of size [i+length(FMAT) N] where MAG(:,j) gives
the response magnitudes of the j-th object.

See also drpms, drpms/get, drpms/set, drpms/getresponse, drpms/step,
drpms/transient, drpms/plus

Author:
Makoto Ueno (uenc.makoto@jaxa.jp)

License:

Copyright (c) 2006, Japan Aerospace Exploration Agency
A1l rights reserved.

Redistribution and use in source and binary forms, with or without modification,

are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice,
this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

3. Neither the name of the Japan Aerospace Exploration Agency nor the names
of its contributors may be used to endorse or promote products derived from
this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR
ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
L0SS OF USE, DATA, OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, UR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

2¥4 AD ean®

% Input args to be a vector

vars = {’p’, ’Ts’, ’Ps’, ’fmat’};
for num = 1:length(vars)
if eval([’~any(size(’ vars{num} ’)==1)’1)
error ([’@drpms/bode: the input ’’’ vars{num} ...
’2 must be a vector.’l);
end
end

if length(fmat)==2&fmat (1)<fmat(2)
f = fmat(1l) :fmat (i) :fmat(2);

else

error (’@drpms/bode: the style of ’’fmat’’ has to be [step fmax].’);
end
vars = 1°Ts’, ’Ps’};

for num = 1:length(vars)
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if eval{[’length(’ vars{num} ’) ~= length{(p)’l)
error{[’@drpms/bode: the size of ’’’ vars{mum} ...
’35 must be same as the size of ’’p’’.’°1);
end
end

if “exist(’yscale’, ’var’)
yscale = ’linear’;
elseif strmatch(yscale, strvcat(’linear’, ’db’, >log’), ’exact’)

else
error([’@drpms/bode: the 5th argument has to be ’
)JJlinear)), J?db)) or ))log)).)});

for num = 1:length(p)
res(:,num) = getresponse(p(num), Ts(num), Ps(num), £);
phse(:,num) = phase(res(:,num))/pi*180;
end
mag = abs(res);
YWhen the outputs are requested, the figure output will be suppressed.
no = nargout;
if isempty(nargoutchk(0,3,n0))
if no >= 1
return
else
h = findobi(’tag’, ’drpms_bode’);
if isempty(h)
h = figure(’name’, ’drpus (bode diagram)’,
‘numbertitle’, ’off’,
’tag’, ’drpms_bode’);
end
clf(h);
figure(h);

switch yscale

case ’db’
hi(1) = subplot(2,1,1);
plot(f, 20*loglO(mag));
ylabel(’Amplitude [db]l’)
hi(2) = subplot(2,1,2);
plot(f, phse);
ylabel (’Phase [degl’);
xlabel (’Frequency [Hz]’);
case {’log’, ’linear’}
hi(1) = subplot(2,1,1);
plot{(f, mag);
ylabel(’ Amplitude’);
hi(2) = subplot(2,1,2);
plot(f, phse);
ylabel(’Phase [degl’);
xlabel (’Frequency [Hz]’);
set(hi(1), ’YScale’, yscale);

end
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clear mag phse f

end
function [ phse ] = phase( value )
phse = atan2(imag(value), real(value));
len = length(phse);
d = -diff(phse);
I = find(abs(d) > pi+0.5);
if “isempty(I)

for 1 = I’

phse = phse + 2xpixsign(d(i))*[zeros(i,1); ones(len-i,1)];

end

end
C.6 step.m

function [y, t] = step(p, Ts, Ps, fmat)
% STEP draws or returns the step response of DRPMS object.
A
% STEP(P, TS, PS, [FRQ_STEP MAX_FRQ]) draws the step response of the DRPMS
% object P which respresents the pressure measurement system.
% P, TS and PS shoud be vectors with the same length.
% TS and PS should be the ambient static temperature the ambient static pressure
% of the system.
% [FRO_STEP MAX_FRQ] are transoformed to the frequency vector
% F = FROQ_STEP:FRQ_STEP:MAX_FRQ
% The step response is computed using the informations at the frequency F.
%
% [Y,T] = STEP(P, TS, PS, [FRQ_STEP MAX_FRQ]) returns the output response Y
% and the time vector T. No plot is drawn on the screen. If the length of
% P is N, Y is an array of size [i+length(FMAT) N] where Y(:,j) gives the step
% response of the j-th object.
%
% See also drpms, drpms/get, drpms/set, drpms/getresponse, drpms/bode,
%  drpms/transient, drpms/plus
%  Author:
%  Makoto Ueno (ueno.makoto@jaxa.jp)
%
%  License:
%
%  Copyright (c) 2006, Japan Aerospace Exploration Agency
%  All rights reserved.
%
% Redistribution and use in source and binary forms, with or without modification,
% are permitted provided that the following conditions are met:
% 1. Redistributions of source code must retain the above copyright notice,
% this list of conditions and the following disclaimer.
% 2. Redistributions in binary form must reproduce the above copyright notice,
% this list of conditions and the following disclaimer in the documentation
% and/or other materials provided with the distribution.
% 3. Neither the name of the Japan Aerospace Exploration Agency nor the names
% of its contributors may be used to endorse or promote products derived from

This document is provided by JAXA.



JRIREYEE DEHEE OIEFIRE Y L 2 b— Y 2 LT K DR

this software without specific prior written permission.

43

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPUSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR
ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
1.0SS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
ANY THEORY OF LIABILITY, WHETHFR IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS

SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

% Input args must be a vector
vars = {’p’, ’Ts’, ’Ps’, ’fmat’};
for num = 1:length(vars)
if eval([’~any(size(’ vars{num} ’)==1)’1)

error([’@drpms/step: the input ’’’ vars{num} ...

732 must be a vector.’l);

end
end

if length(fmat)==2&fmat (1) <fmat(2)
f = fmat(1l) :fmat (1) :fmat(2);
flen = length(f);
t = (0:ceil(flen/2))/(fmat (2)%2);
x0len = ceil(flen/2);
tmax = x0len/(fmat(2)*2);
x0 = ones(x0len, 1);

else

error{’Q@drpms/step: the style of ’’fmat’’ have to be [FRO_STEP MAX_FRQ1.’);
end
vars = {’Ts’, 'Ps’};
for num = 1:length(vars)

if eval([’length(’ vars{num} ’) ~= length(p)’1)

error([’@drpms/step: the length of ’’° vars{mum} ...
»77 must be same as the size of ’7’p’’.°1);

end

end

[stepRes, t] = transient(p, Ts, Ps, x0, tmax) ;
no = nargout;
if isempty(nargoutchk(0,2,n0));
if no >= 1
y = stepRes;
return
else
h = findobj(’tag’, ’drpms_step’);
if isempty(h)

h = figure(’name’, ’drpms (step response)’,
‘numbertitle’, ’off’,
‘tag’, ’drpms_step’);
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plot(t, stepRes);
ylabel (*Output’);
xlabel(’time [sec]’);
set(gca, ’XGrid’, ’on’, ’YGrid’, ’on’)
end
end

transient.m

function [y, t] = transient(p, Ts, Ps, x0, tmax)
% TRANSIENT draws or returns the arbitrary input response of DRPMS object.

%
%
pA
%
%
%
JA
A
%
%
A
A

%
h

TRANSIENT(P, TS, PS, X0, TMAX) draws the arbitrary input response

of the DRPMS object P which respresents the pressure measurement system.

P, TS and PS shoud be vectors with the same length.

TS and PS should be the ambient static temperature the ambient static pressure
of the system. X0 is the actual arbitrary input vector which starts from 0 and
end with the value of 1. TMAX is the endurance time of the input vector.

[Y,T] = TRANSIENT(P, TS, PS, X0, TMAX) returns the output response Y

and the time vector T. No plot is drawn on the screen. If the length of

P is N, Y is an array of size [1+length(FMAT) N] where Y(:,j) gives the output
response of the j-th object.

See also drpms, drpms/get, drpms/set, drpms/getresponse, drpms/bode,
drpms/step, drpms/plus

Author:
Makoto Ueno (ueno.makoto@jaxa.jp)

License:
Copyright (c) 2008, Japan Aerospace Exploration Agency
411 rights reserved

Redistribution and use in source and binary forms, with or without modification,

are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice,
this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

3. Neither the name of the Japan Aerospace Exploration Agency nor the names
of its contributors may be used to endorse or promote products derived from
this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TC, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPUSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR
ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES

(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE COODS OR SERVICES;
LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON

LndD Ul UD Ja S 5y DUS LSS 4 SAnUI g

ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
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46 % (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
47 %  SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

48

49 % Input args must be a vector

50 vars = {’p’, ’Ts’, ’Ps’, ’x0’};

51 for num = 1:length(vars)

52 if eval([’~any(size(’ vars{num} ’)==1)])

53 error ([’@drpms/transient: the input ’’’ vars{num} ...

54 »22 must be a vector.’l);

55 end

56 end

57 if length(tmax) =1

58 error([’@drpms/transient: the input arg ’’ tmax ’’ must be a scalor.’l);
59 end

60

61 = length(x0)~1;

62 fmat (1) = 1/(tmax=4);

63 fmat (2) = (N/tmax)/2;

64 £ = fmat (1) :fmat (1) :fmat(2);

65

66 vars = {’Ts’, ’Ps’};

67 for num = 1:length(vars)

68 if eval([’length(’ vars{num} ’) ~= length(p)’l)

69 error ([’@drpms/transient: the length of ’’’ vars{num} ...
70 77 must be same as the size of ’7p’’.’°1);
71 end

72 end

73

74 if size(x0)x[0; 1]17=1

75 x0 = x07;

76 end

77 transientY = [zeros(Wx2, 1); x0; ones(N, 1)];

78 fTransientY = fft(transientVY);

79 for num = 1:length(p)

80 res = getresponse(p(num), Ts( um) Pe(num), £);

81 fTransientRes(:,num) = fTransientY.*[1; res; flipud(conj(res))];
82 end

83 transientRes = ifft(fTransientRes);

84 transientRes = transientRes((1ength(f)+1):(length(transientRes)—ceil(1ength(f)/2)), )
85

86 = (0:floor(length(£)/2))/(f(end)*2);

87

88 no = nargout;

89 if isempty(nargoutchk(0,2,n0));

90 if no >= 1

91 y = transientRes;

92 return

93 else

94 h = findobj(’tag’, ’drpms_transient’);

95 if isempty(h)

96 = figure(’name’, ’drpms (transient input response)’,
97 'numbertitle’, ’off’,
98 ‘tag’, ’drpms_transient’);
99 end

166 clf(h);

101 figure(h);
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102 subplot(2,1,1)

103 plot(t, x0);

104 ylabel (’Input’);

105 set(gca, ’XGrid’, ’on’, ’YGrid’, ‘on’)
106 subplot(2,1,2)

107 plot(t, transientRes);

108 ylabel (’Output’);

109 xlabel(’time [secl’);

110 set(gca, ’XGrid’, ’on’, ’YGrid’, ’on’)
111 end

112 end

C.8 plus.m

function p = plus(pl, p2)
b
%  PLUS Addition of two DRPMS object

P = PLUS(P1, P2) performs P = P1 + P2.

%  Adding DRPMS objects is equivalant to connecting adjacent

% tube & tramsdicuer systems. Both Pl and P2 length must be 1.

%  The result depends on the argument order. Pl is on the input side and
% P2 is on the inner side.

WO O ~3 O O b 0D =
>

10 %

11 % See also drpms, drpms/get, drpms/set, drpms/getresponse,
12 %  drpms/bode, drpms/step, drpms/transient

13

14 %  Author: ,

15 %  Makoto Ueno (ueno.makoto®@jaxa.jp)

6 %

17 % License:

8 %

19 %  Copyright (c) 2006, Japan Aerospace Exploration Agency

20 %  All rights reserved.

22 % Redistribution and use in source and binary forms, with or without modification,
23 %  are permitted provided that the following conditions are met:
24 % 1. Redistributions of source code must retain the above copyright notice,

25 % this list of conditions and the following disclaimer.

26 % 2. Redistributions in binary form must reproduce the above copyright netice,
21 % this list of conditions and the following disclaimer in the documentation
28 % and/or other materials provided with the distribution.

29 % 3. Neither the name of the Japan Aerospace Exploration Agency nor the names

30 % of its contributors may be used to endorse or promote products derived from
31 % this software without specific prior written permission.

32 %

33 % THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND
34 % ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
35 %  WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE

36 % DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR
37 %  ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
38 % (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GODODS OR SERVICES;

39 % LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
40 % ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT

41 % (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
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42 %  SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

43

44 if length(pl)~=1 | length(p2) =1

45 error (’Both length of P1 and P2 have to be 1.7);
46 else

47 num = 1;

48 q(num) = pi;

49 while “isempty(get(gq(num), ’nextSystem’))

50 num = num + 1;

51 g(num) = get(q(num-1), ’nextSystem’);
52 ' end

53 p = set(gq(num), ’nextSystem’, p2);

54 for num2 = (num-1):-1:1

55 p = set(g(num2), ’nextSystem’, p);

56 end

57 end

58

C.9 private/viscosity.m

1 function mu = viscosity(T, TO, mu0, S)

2 % VISCOSITY returns the viscosity of air.

3%

4 % MU = VISCOSITY(T, TO, mu0, S) returns the viscosity of arbitrary gas based
5 % on the Sutherland’s law.

6 % T is absolute temperature, TO and muQ are the temperature and the viscosity
7 % at which the Sutherland’s constant for the gas is defined. S is the

8 % Sutherland’s constant.

9 %

10 % This is a private helper function of the class ’drpms’.

11 %

12 % See also DRPMS

13

14 %  Author

15 %  Makoto Ueno (ueno.makoto@jaxa.jp)

16 %

17 % License:

18 %

19 %  Copyright (c) 2006, Japan Aerospace Exploration Agency
20 % All rights reserved.

22 A Redistribution and use in source and binary forms, with or without modification,
23 %  are permitted provided that the following conditions are met:
24 % 1. Redistributions of source code must retain the above copyright notice,

pyrig

25 % this list of conditions and the following disclaimer.

26 % 2. Redistributions in binary form must reproduce the above copyright notice,

21 % this list of conditions and the following disclaimer in the documentation

28 % and/or other materials provided with the distribution.

29 % 3. Neither the name of the Japan Aerospace Exploration Agency nor the names

3 % of its contributors may be used to endorse or promote products derived from
31 % this software without specific prior written permission.

32 %

33 %  THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND
34 %  ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED

35 %  WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
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%  DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR
%  ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
% (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

% LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
%  ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT

% (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS

%  SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

mu = mu0 * (T/T0)."(3/2) .x ((TO+S)./(T+8));

C.10 private/airconductivity.m

W 00 ~3I O Ut o W N

e e e e
~I O U W N O

function TLambda = airconductivity()

% ATIRCONDUCTIVITY returns the thermal conductivity table of air.

b

A TLAMBDA = AIRCONDUCTIVITY()

%

% This is a private helper functiom of the class ’drpms’.

% No input args are required.

% The function returns the table of the air conductivity with respect to absolute
% temperature.

1)

% The air conductivity is based on Kadoya, K., Matsunaga, N. and Nagashima, 4.,
yA "Viscosity and Thermal Conductivity of Dry Air in the Gaseous Phase,”

% J. Phys. Chem. Ref. Data ,14, 4 (1985) 947.
% See also DRPMS

%  Author:
%  Makoto Ueno (ueno.makoto@jaxa.jp)

% License:

%  Copyright (c) 2006, Japan

O &
Y] P

% All rights reserved.

Aerospace Exploration Agency

[

%  Redistribution and use in source and binary forms, with or without modification,
% are permitted provided that the following conditions are met:

% 1. Redistributions of source code must retain the above copyright notice,

% this list of conditions and the following disclaimer.

% 2. Redistributions in binary form must reproduce the above copyright notice,

% this list of conditions and the following disclaimer in the documentation

% and/or other materials provided with the distribution.

% 3. Neither the name of the Japan Aerospace Exploration Agency nor the names

% of its contributors may be used to endorse or promote products derived from
<% this software without specific prior written permission.

%  THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND
%  ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED

%  WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE

%  DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR
%  ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES

% (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
o/ 1.0SS OF USE, DATA, OR PROFITS OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON

L) Luo DRin, Ul DIUE 1 i, DUS LD 4 Ibiv U L SUY vILD, Lalonl

%  ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
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4 % (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
45 %  SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

46

47 T = [150; 200; 250; 273.15; 300; 320; 360; 400; 500;

48 600; 800; 1000; 1200; 1500; 2000];

49 lambda = [14.07; 18.36; 22.41; 24.21; 26.23; 27.70; 30.54; 33.28; 39.71;
50 45.73; 56.99; 67.63; 77.92; 92.96; 117.5]%1e-3;
51 TLambda = [T lambdal;

52
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Chapin, William G., “Dynamic-Pressure Measurements Using an Electronically Scanned Pressure
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Tijdeman, H. and Bergh, H., “The Influence of the Main Flow on the Transfer Function of Tube-
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