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£1.2 FELAZEOEHEHH
JHEE BAL (B AR Hi g i BAL (B BT Hi
B w heatFlowRate A | AR - exteriorSurface A
B R W/(m-K) [thermalConductivity A R - convection A
#ay &y & A | Wm*K) |thermalConductance A |t - radiation A
BLER W(m?-K) |surfaceCoefficientOfHeatTransfer | A | #filt - contact A
gigi ) W(m? K) |thermalTransmittance A |Zei - space A
B & J/K  |heatCapacity A |JH - ambient A
I8 J/(kg-K) |specificHeat A Bk - chilledWater B
ARG J/(m*K) |volumetricSpecificHeat A | ¥BHEIK - coolingWater B
MR m’/h |ventilationAirVolume A |JEK - hotWater B
W [\l []/h  |airChangesRate A|TI54Y - brine B
BRI kg/m’® |density A & w electricPower B
W) e - moistAir A |BhHE Wh  |electricEnergy B
b opliics % relativeHumidity A | H A& m’  |gasVolume -
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TR 2 & W |radiantHeatFlowRate NNV - header B
HAK - blackBody A a1 - coil B
At W/m? |irradiance A |22 RIS - airHandlingUnit B
T &= W/m? |radiosity A |FCU - fanCoilUnit B
I YES - absorptance A | niEss - humidifier B
S - reflectance A | INiE & w humidifyingload B
BEiEmR - transmittance A | IKE B - waterThermalStorage B
EKRE °C temperature - KB B - iceStorageSystem B
IR K thermodynamicTemperature A |4 R - characteristicCurve B
X m length A | EM~~ - rated~, nominal~ B
i m  |width A | 5E kPa |pumpHead B
TR m? area A kE (E&) kg/s |waterMassFlowRate -
N m? volume A k& (K L/min |waterFlowRate -
PRI - interior A | VB ENVE fuT w latentHeatLoad B
aNiill - exterior A | BEVE ] w totalHeatLoad B
FHE - surface A | BEENE fuf w sensibleHeatLoad B
N - interiorSurface A - - - -

HUL A:JIS A 0202, B: 28 KERA - {54 P RE Rt

4) IRV NEHFCEAZIAGT S

BT I 2L —Ya v TN FHEDL IFYHERICE DN AZEDTH Y, ANWEBOHALOM
AEDEVPHIOBMA LGB LTI I EVEETHD, AL, ABAETHE2OMERFETH
5DM0, HBEWVIEFAUERRETH>TE, kg/sec THDM ghour THINERERD L, <A
BoVMERNPHIINE, THLZTEDOBEMOBRIANBN L2 HRTI L VWOERE, T/

LDFEHENEL K ANGMEHRETELLDICTIEVWSEKRT, I AV Mo THRAZIFHGY
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5T EMEFELW,

AU CRHICEB TR IR REDENTH S, FIAIFEZEAL TR, B2 L TOH
MNTHB ERE, KEHZYDDERTHDEGE (F-I3BFR) HhHdH, JEHIXINSEREFALZ
MEWZR I LRIV, fIEDBEAIEMIPkWh ALY THY ., BEDEMIEMIMP KW (=ki/s) TH
%, AETIHHAGEL L TEMEDENERET S (HEELE, AT U THEED, BUR. %
E) IO, BHNICRERTH > TLO@RLRET LI ENLWGHEHY ., BTLE
BfUZERBELIZTEITOARY, BEISUTERDTSROEMEZBIML TV E X0,

142 TNy
TOY S ADOTRIZKRIER DD L, TOTSANAVISLINTEIER>-Y), BREDEN L ILE

BBHBIERMEONG, ZDXDBRIEENATOVEFY, ZONTERMIBREEE (T8 7))
RS,

TOT I IV ITOHFEHEDSL I, HBERNENTO VI A02ES EIF T —RIERFIEEO L
ToW, ZLONTPRET DO &S BEERPRONTITHIFT 5, FAEETOIBRICE. —
BILERBETO TS 0%ELDOTIEEL, FRTHo>TEMORBEREICHE L CTERERTT NNy I
EEAERD ZEDVHENTH D™, FIAIZERELZHOFETHNIX, FTIXEEEROBGR, BOB
. ENBEEFE, B, BAAYOBERICHEL, TAZNORGGENEEICEET S Z & 2
RT D, £/, BEHEROBIZIE, 3V Ea—2 20T I PRTED &5 REMABIREE» S
o d LRV, FlZIZEARBGREIE THNIE. BAD S MM O 2 KIRE N ENE < & 5 BB &M T
BERGEEZ T 2D TR, ME-EDOREPLIHOD, 5 TIUIFFHEIC & 2 EHEAE L LD
HEETHD 0, D EFRRA LTV, $/ EEAIAOHHBROGAETHNITEEEEZ 100 %
EUEGE (CREERES 100%ER5) . KiEE 100%E UG (REREED 100 % &
%) CTEIFMGEET 5,

Visual Studio ¥ Eclipse 72 &, JE4ED 7T 7T ABRBRE TR 7 /Ny H L EIEND T3 TEE % )
RIAIELEMABHED> TS, TNV AEZHNWDS & T 0TS LADEEFIZREE DN E T —RHE Ik
X, TOTILEAFTOETIEALY . BHEIIRAINT VDR MR L 720 28U % i
WHSWMRZONTED, 7OV I LDOBEENKEA ET B2, O RTHENHDD,

156 #7Yxzy MEm7TOI>3IvY

151 BEEHR

AETEA TV MEAITO TSIV 753 (OOP: Object Oriented Programming) Td % C#% il
Wb, OOP Tk [7—4&] & 20T —X2%WHTIEK L2 ELOEBRE ATV &
O, ATV NeATVZI bEDHEBEIZE>THEZEDS, ZHIZRHLTATY I b

1 1980 FEEE TIZ 7OV 5 AR ERIT MK SV FH—REIFEND) THRETLZZEBERTH o2, ZOHMBHIZAEDN
287075 LAOBEIMEIZEN), ZNUBNT L VS SEOHKTHD 5 LW,

12 A5 M EEZ 1T HASP/ACSS BAFIEDEE2 B2 2 L 035 5, BAFIERI 014 BA I3 E B DB D A g & o 7
075 ADOWEZMD 2OICEHPI N, TOH%, FEREZH > TNIBY TIN—F VEBBRI NG, T N—F U hkio
FBRIZERDO T O TS MEMMALED, HEERBIHIET/S—Y & UTIERBEHERN T ONT W20, 2K UTEREIBIES
BRLEPHIZHEETHESE I L 0D,

13 EHOMBERY . BPERBINE THA S EHO FORTRAN SFED AV /81 ik, MU TT /Ny HOMRED IR, AR
DHINIEWRITE XA FHWCHEHF CHEA2BIHTILTT NV V7o TWS ( [F2AY T WRITE] &ENS) &S5 T, W
ST T T ABFKITBERRE-IAIEK L TLUE> TV,
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BRTIXRWERE, HlAIEFORTRAN Tk, 7— & LB Sy r—IfbInTwgnzo, Bk
BfEd 2 LA OBBICE > TT — 2 2 EHT20ENH D, O0P DI D& S BRI, Rz DB
BEMAGDETY AT AL L TO#AEHT IBICERTH D, C#X FORTRAN TZTNTNEJH
—IRY AT LDETIVEER L ZHED, T2 EHOMRER 1.1 12577,

,f' FORTRAN “\
[ B ][ ﬁyfmﬁ-ﬁb] [ YR ]
B FHEEAEK R AEaEs
\ INT A —RBE

PNRE i v

2 Z05A P FHEMEROIE

pe 3 (T i

_ NIA—X
L | BUREADRERE
BB BT R
Ry TPQEHE
W HIIB AR BRI

T

INTA—RBTE

A B GAFRE
At FRG RO HUG

[%%ﬁﬁikwﬁ—] [ Ry THEET 2 ] [ HHIEEE T X ]
AR V¥ — B V¥ —EHREEER

\_ .
i ~\

Outputs.csv | |lnputscsv |
I
Main class
~ N
T BEHL AR
SR I ILEE
VAT LEHE

A BSAFRE
FHRRE R OIS

R "7 REIE

CATVEZoRTYY  (CATIZZET ATV R
HEAT I F— Iy - S HETAIF—

H R <j> HETIF— <:I> HH RS C;D
NI A=4 N A=4 NoIA=4

HA T R PQHFE EREIE

AN =RTEEY
\Bﬁ ek ) 9 ) 9 )

O -/
®1.1 C#& FORTRAN L BBE—RY AT LEFILOT— 5 SR
FORTRAN TY AT AETIVEFHET 255 1TI%, BUEPWHILE R EOBROBE (RrEfii %
T2 MIAR) 1E, (AR DOBERRDOF RIS ) X N T, LA OBEEN—TIcES 5, @D
BEEROHE T EMB 720121k, BN OB HEY 2T — 2 2L CHE2T O BENDH DS, Hl 2 IXEF

0.
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DT 3V F—HEE % A 720 A 1213 Inputs.csv D> B G A A 72 BEF 4 & Main BIBCREELL T
BEF/NT A — & & GO TRYRH THREFEEBICEL CEHE 2TV, B5NA M ITRE & By
TA— R EBFHE T XX BB U CEHE TS, — /AT, CHCYATAETVEGRT Y
AiE, EROKEEZRHTOIA TV 7 MR ENETNESEEDEREMRFL TS, #>T, Lk
RDFA TV 7 MEFROA T Y 27 N OPEBO MR G R Z R $ 2 BEIZAR < BERRFIZBE
BN ERDZZIT TR, BEROBFRTAIVF—HEOHITIX, Main BIBUL Inputs.csv 2* 5 Fr i
AEBIREMNRBIEA TV 27 MCET R TR, BFEA TV 27 MNIASTEHEL T2 HJES
FTA—RIEEDNVTHOBE L TNV F —HEBEEZEHT D,

VAT LAWEMTHZHIEE OOP DFRIE R IV, X 1L1IZAJE, RV 7. wHENehTh 1A
UNBWIGETH D, —BOBJFEY AT LIEZINED EENIIEZ S DBEBRNLRD2ESEKTHY,
INSDETOMMRRIEEZ EAOBBDN — NIRRT I L 3ERICHEHMETHDL, 3FI
HASP/ACLD ® 710275 ADEHE% X 1.2 127779, COMMON X % FH\ T E KR RIS S BAE RS A3 5E 2%
INTEY, TurJrouHM, BEEICERH D Z LA bnrd™,

BLOCK DATA BLOCK
COMMON /CN1/TCM1(94), TCM2(90) /CN2/TCW(2,30),1GS(2,90) }

AL

fm S~
&

il

1 /CN3/RL(54),RM(9),RE(27),RG(18),AM(27),RZ1(9,9),RZ2(8,9)
2 ICN4/IOR, IOW, IW,ISC ISE, ISP, IOUT,PI,RADI, TPR, TV1,AHR,BL(7),
8 WX(3),WXB(2)

DATA TCM1/.019,.516,1.892,.052,38.7,180.6,332.,.0 ,.0 ,.0 ,2.7,

r1.2,1.3,8,9,4,53,.0 ,0 ,.0 ,1.3,1.2,.67,.15,.95,.46,1.3,
r1.03,0 ,.0 ,.68,.15,.64,.59,.67,1.1,.55,.86,.0 ,.0 ,.163,
[.224,.095,.18,.13,.06,.069,.0 ,.0 ,.0 ,.16,.15,.12,.16,.0 , Eﬁ%jﬁ‘

2
0,0 ,0.,0,0,048,052,12,19,15,.16,.038. 07 . Mg LT
0 -0 |036,.034,07 ,.036, 044, 055.0 .0 .0 .0 ,.040,

k032,022,024, 025,.043,.038.031,0 .0 ,18,08.0,0/
DATA TCM2/.31,098. 449. 43. 865. 567.,824..0 ,0 .0 571,
K 399.,744.468.,798.428.,370..0 ,.0 ,.0 456.,462.,384.156.

k 430.375.380.435..0 ,0 ,390.,46. 330..269. 457.,480.332.,

*360..0 ,.0 ,350.,448.220..217..69.62.76..0 .0 ,0 ,

k186.155.,124.171..0 .0 .0 ,.0 ,.0 .0 ,78.93.234.

k326, 171.226..9.3.248..0 .0 48642420 240.60,0 ,

0,0 .0 548412.11.311.39.15.12..0 .0 /

133,.183,.233,.183,.233,.180,.230,.183,.233,.184,.234,.187,.237,.1
BN L
4 59,.409,.0 ,.0 ,0 ,.0 ,.0 ,.0 ,.0 ,.0 /

DATA TCW/.180,.230,.183,.233,.184,.234,.187,.237,.193,.243,.183,.2 .

R 93,243,0 ,.0 ,.0 ,.0 ,.0 ,.0 ,.344,.394,.350,.400,.353,.4

B 03,.359,.409,.0 ,.0 ,.0 ,.0 ,.344,.394,.350,.400,.353,.403,.3

DATA 1GS/99,1,96,2,95,2,93,2,90,2,96,2,96,2,96,2,79,7,67,10,63,10,

154,13,41,16,0, 0, 0, 0, 0, 0,90,1,84,4,81,5,77,6, 0,0, 0, 0,69,5,

56,7,50,8,40,10, 0, 0, 0, 0, 0, 0, 0, 0,27,26,27,26,26,27,26,27,25 777;(
\’ﬁ:—H—

WA AR EL

4,0,24,28,23,29,24,29,23,30, 0, 0, 0, 0,20,25,17,24,17,22,15,24, 0
5,0,0,0,0,0,0,0,2539,25,39,25,39,24,39,24,38,27,47,33,57,19
6.16,23,38,22,36,22,34,20,34,18,31, 0, 0, 0, 0, 0, 0,22,39,22,39,22
7.39,21,39,0,0, 0, 0,18,34,16,30,15,29,13,27, 0, 0,0, 0, 0, 0, 0

8.0/

DATA RL,RM/.3993,.0398,.9337,.4023,.0516,.9137,.4095,.0824,.8605,
1.5002,.0369,.9261,.5024,.0457,.9081,.4999,.0709,.8581,6901,

2 .0290,.9064,.6911,.0328,.8937,.6760,.0478,.8525,.5261,.0392, SV PN
3.9173,5279,.0464,.9016,.5160,.0699, 8556,.5694,.0377,.9124, MR
4 5708,.0437,.8981,.5555,.0648,.8542,0 .0 ,.0 .0 ,
50 .0 .0 .0 ,0 .6554,0290,.9158,.6566,.0342,
6.9005,.6469,.0511..8552/

1.2 HASP/ACLD IC &7 3 KR BUER S E S

1 OELKHEN - ETEETIVRRALRENDE TO TS AT T VDOHENTONAEZIERH o, K54 TF DIk
FORTRAN IZ & - TRk I N7z BEEEUE HB OB R AL < G ENTO AL, EHAERMEROETIVIZENr -2, T
177V DHEE NS It HD7Z5 DD, FORTRAN SiETIEL K DINT A —R 2 SIS - RS ATLDT4TF
VIIED) D50 WD EREIIH o /- L EFHIIHER T 5,

+2  HASP/ACLD Dt EHEZ 2, MEICED [TV II VI AE] 28052, TOEMIIERICHEETH D, &
T A =R ERFTDHEDOY A AL AEPHECEDLNTHY ., B1 VX EMio T ARNLERThND 2D, ATV Y
MEMSEZHE>THYZVMIIA TV N2 BETLILOR IOV I 0TS S L, EICEETHERFEERE /N
XIWVEALS, —HT, ZOXIBFLVE#EILIE, VI MUz 7 2REEELVI RFEARTAHOBBIZLTLES LWV H K
IRLFRERD, FIRERZHNT 2N ANERE JHiNT 2 2DMETH 2,
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152 HOSREAVAIVR
ERRIIA T2 7 NEERTIEICIE,. 25 A A VARV AL W BRI RD, ] 21X

BHBEDF TV N EEKRT D T D, BT AT MZE ORGSR NG -, 0
MOFTII N fRT DI LIEFMTHS, 2T W] & IRI A% 208d5, WU

. KERT, HIPREZHEETIREDHRATH D, NI A—R L%, ERAREPEERE R &
Thd, NTA—RIFETNTNORKZHMBE /YOI DMETH D720, BRI T L IZRL D E% HY
LM, WMEIERAZ LI L O 2D, TRTOBARBB TR THS, TI T, TRTOHLH
ATz NTHVEITIENTEDNEEZ (B 2L TEed, FOEHELTEL, Zhi [
TR LR, EBUIA TV 2T N ERT S L FiTid, BUIBKHEB T L OBRNBIST A -2 %
5L, TBL & TS5 A—&) OWZE2F~E2 e TEKLTE, ZOFEKE 1 2Ry
A MR,

I 5 ANIMD Y7 FANLRELUTHKT D It TEDS, BIAIEEKHEE T 5 AITIZHRKRE DB
BETONENPERZINTVEN, BEKIAINVT TR, BEHEY I A, Ry 7 ARY, 2EH
DEARDEZ M E AT O BEIIZZ ., TI T, BRI T ANSREIE D Z L CTERBIBT 28
BOWEEFNEDTY, LLOREY T ADEBEZERIL, MREL GO0 T AR THRY
TAL LIS, o REULEZIVIARTIITA, IRETEBI T ALEILR, 7T ADREL AV
AB Y ADEEOBEE R 1.3 1I2R7,
BT 5 A
BRI aum | T

- AEBERE ARSI A ' ::>
- REEANDEY m

WiRAKIA NI 5 A
- IR AL

- AR R AL

» ARDE] TR T D I
- REATIRA % ANS Z R
KRR AND L my

- JAEE ANDEE ma

A VAR Y ADER A VAR Y ADER

’ ' ’ '

B gt Bsx fudso WK1 1 iRk I A2
- WA R R L - AR R R LE -m%m¢mm - 7K % WAL
- WARDRI TR T 2 - WARDRI TR T 2 28R R T I 28R R RS L
ARENRE A= 10m? AEEERE A= 15m? - FARDIE] TR T B LI - VARDIB] TEAZ S 2 JLpg
CIRE m=1ke/s IR m=2ke/s AREARIRY 4=25m2 ARBHEIRT 4 =50 m?

- K& mw=2kg/s
- R me=10 kg/s

13 USADMEEAVRY VY ZADEMRDER
15.3 CHDESEMLHE T S XDEEFEA
AHTIEEED Y I 2A2HRL. BARNAREY I a2l —aryars s A A0GHEZBLU T CH

DERW L SFEMREENT D, CHOSFEMARE I U TIRBICBIENSEIZDH D /20D 121D
129 ERIBSEEDFEIC DWW TIE TN S 2 2 HI NN,

TR A2 E I S AR RS, TS ANTHATIYHAZR 1.1 ITRT D, K [W/
M K)EHNEH DO KN SHBORELEETOMBGBBETH D, ZHIIK 140D@E) THY ., dIFER

- K3 m =3 kg/s
+ JAEE ma =20 kg/s

1 I ADREGATY 27 MEMSEORMTH LI, +0122 T ABDOD BNV IZ OV TEE 247D BV TEEICRE %2 E
RD L, FENEZIZHZ2OPDONLELBY), ©LLATOT I A0 HNZ2ERD, AEIZBWTE Y T ADIRE IS EK
INBEIZE EDT WD,

2 $w@19m;ﬁ7/:7bhﬁgﬁfﬂL L7
IEARRUTHY ., ERE R % 2 9 72 D IR
T3,

HAKHBEE 0 5 ADB 1T 5 2L Th D, CHOF BRI L LT
WA EMARBEET> TS, EMEL FFICHAEDD Z & 250 L
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[m]. A IEBYEERIW/(mK)]. aeidK & ZRDOMREEERIW/(m>K)|ThH D,
K, = 1
b1 L2, 4y 2, dy (1.1)
agd, Ay d; A d, ay,d,

Bl DEVEER ],

<a((')m

W Bt DEMZER ),

14 BEEOCEBEBEFEDEHN

70754612 CHILD IS RADESEN (BBEVSZR)

Popolo.HVAC.Circuit.WaterPipe class

1 /% WaterPipe.cs

2 x

3 % Copyright (C) 2014 E.Togashi

4 x

5 x This program is free software; you can redistribute it and/or modify it under the terms of the GNU General
6 * Public License as published by the Free Software Foundation; either version 3 of the License, or (at your
7 * option) any later version.

8 x

9 * This program is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY; without even
10 * the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public
11 * License for more detai ls.

12 %

13 * You should have received a copy of the GNU General Public License along with this program; if not, write
14 % to the Free Software Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 02110-1301, USA.
15 %/

16

17 using System;

18

19 using Popolo. ThermophysicalProperty;

20 using Popolo.Numerics;

21

22 namespace Popolo.HVAC.Circuit

23 {

24 /// <summary>7KEZE</summary>

25 public class WaterPipe : ImmutableWaterPipe, ICircuitBranch

26 {

27

28 /// <summary>KSE (L 101, 325kPa ((Btk Om) T—E & 9 %</summary>

29 private const double ATMOSPHERIC PRESSURE = 101, 325;

30

31 /// <summary>BeEFI</summary>

32 public enum Material

33

34 /// <summary> R FREME</summary>

35 CarbonSteel = 0,

36 /// <summary>E = )L&E</summary>

37 Plastic = 1,

38 /// <summary>R 7 > L Z</summary>

39 StainlessSteel = 2

40 }

41

42 /// <summary>BfEiA </ summary>

43 public enum Insulator

44 {

45 /// <summary>#& L </summary>

46 None = 0,

47 /// <summary>@w % 77 —)L</summary>

48 RockWool = 1,

49 /// <summary>#% 5 Z 7 —)L</summary>

50 GlassWool = 2,

51 /// <summary>iR!) R F L ></summary>

12-
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52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
n
72
73
74
75
76
71
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98

100
101
102
103
104
105
106
107
108
109
110
m
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

Polystyrene = 3
}

/// <summary>}RB@EBE (K& EZK[ORRBRERFEEARW) W/ (mK) 1</ summary>
private double linearThermalTransmittance = 0;

/// <summary>EeE R[m]</summary>
private double length = 1;

/// <summary>ERRERE DR [mI</summary>
private double roughness;

/// <summary>P{Z[m]% BN ¢ 5</summary>
public double InnerDiameter { get; private set; }

/// <summary>$#Z[m] % ER1G 9 5 </summary>
public double OuterDiameter { get; private set; }

/// <summary> AO7KBLC]%E1S  %</summary>
public double InletWaterTemperature { get; private set; }

/// <summary>BEE O HRE[C] % ERG 5</summary>
public double AmbientTemperature { get; private set; }

/// <summary>[EEOHELHEE [kg/kgl % ER1F 9 5 </summary>
public double AmbientHumidityRatio { get; private set; }

/// <summary>$gZ@E@B[W/ (nK) 1% BN/ 9 5 </summary>
public double LinearThermalTransmittance { get; private set; }

/// <summary>BERIn]% ZE - 4G T B</summary>
public double Length
{
get { return length; }
set { if (0 < value) length = value; }
}

/// <summary>ERREDOMEIN]%RE - BT 5</summary>
public double Roughness
{

get { return roughness; }

set { if (0 < value) roughness = value; }

}

/// <summary>ZIBK[kW] % ER1S 9 5 </summary>
public double HeatLoss { get; private set; }

/// <summary>HOKRIC]IZEIG S B </summary>
public double OutletWaterTemperauture { get; private set; }

/// <summary>BLE DEAREH[W/ (mK) 1% ERIS 3 5 </summary>
public double PipeThermalConductivity { get; private set; }

/// <summary>¥rEhit DB G/ (nK) 1% BR1F ¢ 5</summary>
public double InsulatorThermalConductivity { get; private set; }

/// <summary>¥f#Ei1 = [m]% BN1S$ 2 </summary>

public double InsulatorThickness { get; private set; }

/// <summary>4{ ¥ 24 > 2 % {1 T H</summary>
/// <param name="length”>& X [m]</param>
/// <param name="innerDiameter”>P3#E[m]</param>
/// <param name="roughness” >ECE#A & [m]</param>
/// <param name="thickness”>EEE [m]</param>
public WaterPipe(double length, double innerDiameter, double roughness, double thickness)
{

InnerDiameter = innerDiameter;

Length = length;

Roughness = roughness;

OuterDiameter = InnerDiameter + 2 * thickness;

//BMELET S

RemovelInsulator();

}

/// <summary>4{ ¥ 24 > 2 % {1 T H</summary>

/// <param name="length”>& X [m]</param>

/// <param name="innerDiameter”>P3#E[m]</param>

/// <param name="material”>EZE 1 #I</param>

public WaterPipe(double length, double innerDiameter, Material material)

13-
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132 {

133 InnerDiameter = innerDiameter;

134 Length = length;

135 double dth;

136 switch (material)

137

138 case Material.CarbonSteel:

139 Roughness = 0.03e-3;

140 dth = 1.0796e-3 * Math.Pow(1000 * innerDiameter, 0.3181);
141 break;

142 case Material.Plastic:

143 Roughness = 0.03e-3;

144 dth = 0.5196e-3 * Math.Pow(1000 * innerDiameter, 0.5746);
145 break;

146 default://SUS

147 Roughness = 0.015e-3;

148 dth = 0.7250e-3 * Math.Pow(1000 * innerDiameter, 0.4581);
149 break;

150 }

151 QuterDiameter = InnerDiameter + 2 % dth;

152

153 //MEMELES D

154 RemovelInsulator();

155 }

156

157 /// <summary>#)EA{L RALIE</summary>
158 private void initialize()

159 {

160 //¥¢BEBERIW/ (nK) 1= %)EE S 2

161 LinearThermalTransmittance = GetPipeLinearThermalTransmittance

162 (InnerDiameter, InsulatorThermalConductivity, InsulatorThickness, PipeThermalConductivity,
163 0.5 * (OuterDiameter - InnerDiameter));

164

165 // B AT 2 //KEIEKIE 2. 0n/s 8

166 UpdateHeatFlow(7, InnerDiameter * InnerDiameter / 4d * Math.PI * 2 % 1000, 25, 0.02);

167 }

168

169 /// <summary>Ehii % B9 H</summary>

170 /// <param name="inletWaterTemperature”> A 7K;R[CI</param>

171 /// <param name="waterF lowRate”>7K&[m3/s]</param>

172 /// <param name="ambientTemperature” >R B DEIKRE[CI</paran>
173 /// <param name="ambientHumidityRatio”>EE D EE[CI</param>
174 public void UpdateHeatFlow(double inletWaterTemperature,

175 double waterFlowRate, double ambientTemperature, double ambientHumidityRatio)
176 {

177 VolumetricFlowRate = waterFlowRate;

178 InletWaterTemperature = inletWaterTemperature;

179 AmbientTemperature = ambientTemperature;

180 AmbientHumidityRatio = ambientHumidityRatio;

181

182 [/ AEREI/s1x BEREkg/s1ITHE

183 double mw = waterFlowRate / Water.GetLiquidDensity(inletWaterTemperature);
184

185 [/ KBI DI TREATER W/ (m2K) 1% 5t B

186 double aw = GetInsideHeatTransferCoefficient(InletWaterTemperature, InnerDiameter, mw);
187

188 //BERMEEIFKEEERBEEDTH ERE

189 double ts = 0.5 * (InletWaterTemperature + AmbientTemperature);

190

191 double err = 1;

192 int iterNum = 0;

193 while (0.01 < err)

194 {

195 if (20 < iterNum) throw new Exception(”"WaterPipe iteration error”);
196

197 // BB DX FREMRIEZR W/ (n2K) 1% 518

198 double aa = GetOutSideHeatTransferCoefficient

199 (AmbientTemperature, AmbientHumidityRatio, OuterDiameter, ts);

201

202 //gBq@EEM/ (nK) 1% BFH T 5

203 LinearThermalTransmittance = GetAirToWaterLinearThermalTransmittance
204 (aw, aa, InnerDiameter, OuterDiameter, LlinearThermalTransmittance);
205

206 //IRRERECIZ B L CERE% M

207 double tsOld = ts;

208 ts = AmbientTemperature - LinearThermalTransmittance

209 % (AmbientTemperature - InletWaterTemperature) / aa;

210 err = Math, Abs(ts - tsOld);

211 i terNum++;

212 }
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213

214 //BMRR EHOKEZ B

215 HeatlLoss = LinearThermalTransmittance * Length

216 % (AmbientTemperature - InletWaterTemperature) / 1000d;

217 double cpw = Water.GetLiquidIsobaricSpecificHeat(InletWaterTemperature);
218 OutletWaterTemperauture = HeatLoss / (mw * cpw) + InletWaterTemperature;
219 }

220

221 /// <summary>¥fi it % L E I H</summary>
222 /// <param name="thickness” >t E #[m]</param>
223 /// <param name="insulator” > ¥ E4AFERI</param>

224 public void SetInsulator(double thickness, Insulator insulator)
225

226 InsulatorThickness = thickness;

227 switch (insulator)

228 {

229 case Insulator.RockWool:

230 SetInsulator(thickness, 0.044);

231 break;

232 case Insulator.GlassWool:

233 SetInsulator(thickness, 0.043);

234 break;

235 case Insulator.Polystyrene:

236 SetInsulator(thickness, 0.043);

237 break;

238 default:

239 throw new Exception(”Invalid Insulator”);
240 }

241 }

242

243 /// <summary>BfE#1 % SR E 9 BH</summary>
244 /// <param name="thickness” >4t E [m]</param>
245 /// <param name="thermalConductivity” KTEhiF Z{RE KW/ (mK) 1</param>

246 public void SetInsulator(double thickness, double thermalConductivity)
247

248 InsulatorThickness = thickness;

249 InsulatorThermalConductivity = thermalConductivity;

250 initialize();

251 }

252

253 /// <summary>¥FZEhaz % ER Y S9</summary>
254 public void RemovelInsulator()

255 {

256 InsulatorThickness = 0, 0d;

257 InsulatorThermalConductivity = 0,04d;
258 initialize();

259 }

260

261 /// <summary>EEE Y 1 XEZEEY H</summary>

262 /// <param name="innerDiameter” >R [m]</param>

263 /// <param name="thickness”>E#[m]</param>

264 public void ChangeSize(double innerDiameter, double thickness)
265

266 if ((0 < innerDiameter) & (0 < thickness))

267 {

268 InnerDiameter = innerDiameter;

269 QuterDiameter = InnerDiameter + 2 * thickness;

270 initialize();

271 }

272 }

273

274 /// <summary>BEBRGE % HE T B</summary>

275 /// <param name="thermalConductivity”>ZzEHR[W/(nK)I</param>
276 public void SetPipeThermalConductivity(double thermalConductivity)

277 {

278 if (0 < thermalConductivity) PipeThermalConductivity = thermalConductivity;
279 initialize();

280 }

281

282 /// <summary>ERE RZRE DK REMRERW/ (m2-K) 1% 5t E $ 5</summary>
283 /// <param name="waterTemperature”>7K;B[C]</param>

284 /// <param name="diameter”>EZ[m]</param>

285 /// <param name="waterF lowRate”>7K&[kg/s]</param>

286 /// <returns>SERBURZEIR[W/ (m2-K) 1</ returns>

287 /// <remarks>ELRM DFE L 7= RN DIZE</ remarks>

288 public static double GetInsideHeatTransferCoefficient
289 (double waterTemperature, double diameter, double waterFlowRate)
290

{
291 //KOYEEETE
292 //EIREMEAR B IN2/s], BALEARIN2/s], BURZERW/(n-K)], BE[kg/m3]
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293
294
295
296
297
298
299
301
302
303
304
305
306
307
308
309
310
31
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
37
372
373

double v = Water.GetLiquidDynamicViscosity(waterTemperature);
double a = Water.GetLiquidThermalDiffusivity(waterTemperature);
double lam = Water.GetLiquidThermalConductivity(waterTemperature);
double rho = Water,GetLiquidDensity(waterTemperature);

//EBERREN/sINS X)L MIEETE

double u = waterFlowRate / (rho * diameter * diameter / 4 % Math,PI);

double reNumber = u * diameter / v;

double prNumber = v / a;

double nuNumber = 0.023 * Math.Pow(reNumber, 0.8) * Math,Pow(prNumber, 0.4);

[/ XEIV N S SR BURER W/ m2K] & St E
return nuNumber * lam / diameter;

}

/// <summary>EeE 4 RE D B AFHRETERIW/ (n2-K) 1% 5HE 9 % </summary>
/// <param name="drybulbTemperature” > Y 225 DEZ I RE[CI</param>
/// <param name="humidityRatio” > V) 22K DI R E [ka/kgl</param>
/// <param name="diameter”>E R [m]</param>
/// <param name="surfaceTemperature”>ELERERELCI</paramy
/// <returns>EEBEHNRED B AR HRBRZERIW/ (n2-K) 1</ returns>
public static double GetOutSideHeatTransferCoefficient
(double drybulbTemperature, double humidityRatio, double diameter, double surfaceTemperature)

{
//BY BROYMEEETE
//BNREMEGRER(n2/s], EhdhERER[m2/s], BAR=F[1/K], BREHEW/ (n-K)]
double v = MoistAir.GetDynamicViscosity(drybulbTemperature, humidityRatio, ATMOSPHERIC PRESSURE);
double a = MoistAir.GetThermalDiffusivity(drybulbTemperature, humidityRatio, ATMOSPHERIC PRESSURE);
double beta = MoistAir.GetExpansionCoefficient(drybulbTemperature);
double lam = MoistAir.GetThermalConductivity(drybulbTemperature);

/175 7R 7BDFE
double grNumber = 9.8 % Math.Pow(diameter, 3) * beta *
Math, Abs (surfaceTemperature — drybulbTemperature) / (v * v);

/75> NVEBODEE

double prNumber = v / a;

//REIL NI E

double nuNumber;

double grpr = grNumber * prNumber;

if (grpr < 1e10) nuNumber = 0.53 * Math.Pow(grpr, 0.25);
else nuNumber = 0.13 * Math.Pow(grpr, 0.333);

// XIS REMRER W/ (m2K) ] % 5t E
return nuNumber * lam / diameter;

}

/// <summary>KHs 5225 & TORHBIBIEW/ (nK) 1% 5HE $ 5</summary>
/// <param name="insideHeatTransferCoef” > K{Blxt i EEEESK[W/ (m2K) 1</param>
/// <param name="outsideHeatTransferCoef”>Ze S Al A EEZE W/ (m2K) I</param>
/// <param name="innerDiameter”>PI{R[m]</param>
/// <param name="outerDiameter”>H4Z[m]</param>
/// <param name="thermalConductance”>NEEH 5 HFKE £ TOIREABBIELW/ (nK) I</param>
/// <returns>Kh* 5 ZE K F TOMREBBEIW/ (mK) 1</ returns>
public static double GetAirToWaterLinearThermalTransmittance
(double insideHeatTransferCoef, double outsideHeatTransferCoef,
double innerDiameter, double outerDiameter, double thermalConductance)
{
double p2 = 2 * Math,PI
double kl = 1 / (insideHeatTransferCoef * innerDiameter) +
1 / (outsideHeatTransferCoef * outerDiameter) + p2 / thermalConductance;
return p2 / kl;
}

/// <summary>BLE DR HREREDOIREEBE[W/ (nK) 1% EtE ¢ 5</summary>

/// <param name="innerDiameter” >EEE DPRE[mI</param>

/// <param name="insulatorThermalConductivity” DEFEhtt DR EZL[W/ (mK) I</param>

/// <param name="insulatorThickness”>EfZatt DE #[m]</paramd

/// <param name="pipeThermalConductivity”>ERE DEZEZ[W/ (mK)I</param>

/// <param name="pipeThickness”>EZE DEH[m]</param>

/// <returns>EREDNHREE OHFEEBIELW/ (nK) 1</ returns>

public static double GetPipeLinearThermalTransmittance
(double innerDiameter, double insulatorThermalConductivity, double insulatorThickness,
double pipeThermalConductivity, double pipeThickness)

double d b = innerDiameter + pipeThickness;

double d 0o = d b + insulatorThickness;

double klc = 1 / pipeThermalConductivity * Math.Log(d b / innerDiameter)
+ 1 / insulatorThermalConductivity * Math.Log(d o / d b);
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374 return Math.PI / klc;

375 }

376}

377

378 /// <summary>&EAEX Y EHDEE</ sunmary>
379 public interface ImmutableWaterPipe

380

381 /// <summary>PZ[m]% ER1G 9 5 </summary>
382 double InnerDiameter { get; }

383

384 /// <summary>$Z[n]% ER1S 9 5 </summary>
385 double OuterDiameter { get; }

386

387 /// <summary> AO7K;R[C]% BN 9 %</summary>
388 double InletWaterTemperature { get; }

389

390 /// <summary> BB DEIKEE[C] & ST B</summary>
391 double AmbientTemperature { get; }

392

393 /// <summary>BE B DHxHREE [ko/kg] & ERE T Z</summary>
394 double AmbientHumidityRatio { get; }

395

396 /// <summary>¥gEEBRIW/ (mK) 1% EXS T % </summary>
397 double LinearThermalTransmittance { get; }

398

399 /// <summary>ERERI[n] & E1S T 5</summary>
400 double Length { get; }

401

402 /// <summary>K&[m3/s]% BS T %</summary>
403 double VolumetricFlowRate { get; }

404

405 /// <summary>Z85 W] % EIS § S </summary>
406 double HeatLoss { get; }

407

408 /// <summary>H O7KBLC1 & ENS  %</summary>
409 double OutletWaterTemperauture { get; }

410 '}

411}

D 18V

115712 7B 75 ARARTIERL, S4BV ATHD, AEBICHHKO 7O 5 43— RIZEAKRMKIZ
4:C GPL: General Public License Z#H$ %, ML, H&E 2 EOALETOANIG U TER - FERMOH
WEfDHY, WETTOMME L BEADRDOND,
2) Az

DY Z A% FTRTAKFIZWARTUE D LEHNEONRN, TITHEOHD VT A% ELOT
TN—¥ VT %D FHEDN T4HZEM] THd, ABITIE27CHAMNEMEES L TSY . HHER
{ yCH E N7z 23~411 fTOHIPH TE I 117z WaterPipe 27 7 A & ImmutableWaterPipe - > & — 7 = — A
7 Popolo.HVAC ZRIZEMICET 2 Z 21245, D, AETRRATLI 0/ 703 — Rk, 2070
T L= RMVBETIHEEME D T A%ME QTS LA04 BT, 72720, flEOHED O
75 MEA—F—PEHBBLIEM L 7 5 ATHBRTERW 20z A< 2 2ilT 5,
HOAFTZEMD 2 5 A% RTHTDICIE,. ZD7 T AWET BAFTEMOLERT T. (KY M) |
A, BRI Tr I ALMERRT D, AKX, WY ELKEFHET D [ MoistAir 7 7 A1 »°
[ Popolo.ThermophysicalProperty | % Ai ZZ Rl @ L T WAk & § 5, 2T OB 45T 1F
['Popolo. ThermophysicalProperty.MoistAir | & Gl 3 AUXE VY, Z DI using F—V — R&2 AW/
%% H D, 2217 Tl Popolo.ThermophysicalProperty £ #iZE[[ % 2L TW 5 728, LA TIZHAMIZ A
AiZEMEZENP RS TE Y TADRTHUMNTED, AT, RENIONRAZERE T D72
DITKEZBLZDBWMENBETH D 2. using F—7 — R T [Popolo.ThermophysicalProperty | % il
%S, KERT Water 7 7 ALY EBK % KT MoistAir 7 7 AR RIZIFTHEE D LS
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TW5,
3) 75 ADEH

2517 Tl class ¥ — 7 — R&E VT Pipe 7 7 A% E#H L T3 (public ¥—7 — R & ImmutablePipe
OEBRICEUTIIERT D) o 25~376 fTOFFFEIR{ } TH E /- #iPH23 Pipe 7 7 ADHGTH D, 7
FANFEOAV Y R (BE) EBLLERIOTIHRT D, BB, 77 AIBTEAY Y RPLK
BER, TOTITAD [AVIN] LIRS,
4) AV K

T0T S AOEROMBIIZBEBRORVCEKEDEEE SOV T AFICELZIENTES, 1DH
DFHBEEHTINVATy Y a 1)) #HVSHET, AUATICET X TIVAT Y Y 2 BIBEO 7 I3
HWIND, HIZIZ160F7TIEZIDSHEZRMS 2 8T MREYZER[W/(mK)] 28T 5] w5 7o
77 MU E T > T\W5, 2 DOHDHERBGGES [+ LTS [+ MW HET,
NHDHETHENAZRFAIZTARTHRIAY MeABIND, PIZIEEED 1~157 Tk, Z0HE
EHWCTOYIADT ARV AIZDWTORBEZ LTS, 3DHDOHEIXXML RFa A2 haX
VREENSEEDT, MY TNATy Y a [ kT XML ERTHET 5, # 213 282~287
T, AYVYRDFIZXML RFa AV MIAYVMEMAL, AV Y REFIHROMEZFIFL T
%, ZDEIB—EDOKATIAY NA2GRT DL, CHOIV AL FEFHUTXMLERTIAY
N7 7ANEERTDIENTED, RISIFHEIHLUET>ZXML RFa AV I Y FOHITH
%, C#TI3 Sandcastle L\VD Y 7 MY = T ARFFBINTH Y., TOXML RFaAYMIAY MNEH
AAFEET, BEMWIZAPIY 77 VYV ARERT D ZERAEETH S, Java DHE ITIZFERIC javadoc
EIEENDY 7 NI 2T HH D, X 1.5 Sandeastle THBEJZERL L2 APLY 7 7 L ¥ ADHl% R
o Web¥f NTOHTMLERDY 77 LV ZERICEXIGLTWB 720, HIEDI FAT1 T35
AT RHEAREIIIMENTH D,

|;'§;;,J A Sandcastle Documented Class Library - ] X
g ® =] fa) -
s [IHA =% ok £l A=k PRI AT2a(Q)

A Sandcastle Documented Class Library

WaterPipe.GetInsideHeatTransferCoefficient Method

BEREAOIRRMEEEW/ (M2 EFE TS

Namespace: Popolo HVAC.Circuit
Assembly: Popolo (in Popolo.dll) Version: 1.0.0.0 (1.0.0.0)

4Syntax

c# VB [ F#

public static double GetInsideHeatTransferCoefficient(
double waterTemperature,
double diameter,
double waterflowRate

)

Parameters

waterTemperature
Type: System.Double
IKGRIC)
diameter
Type: System.Double
BiEm] N

1.5 Sandcastle ICE B APIY) 77 L > ZDERH
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F1.3 XMLKRFaXyhaXy bofl
1 <member name="M:Popolo.HVAC.WaterPipe.GetInsideConvectiveHeatTransferCoefficient
2 (System.Double, System. Double, System. Double)”>
3 <summary>FRE NRER RBURZERIW/ (n2-K) 1% EHE ¢ 5</summary>
4 <param name="waterTemperature”’>7K;2[C]</paramd>
5 <param name="diameter”>EE[m]</param>
6 <param name="waterF lowRate”>7K&[kg/s]</param>
7 <returns>XERBURZER[W/ (m2-K) 1</ returns>
8 <remarks>ELRM D FE L iR DIFE</remarks>
9 </member>

5)

WH, 07T ATRABUMEERAUVLRP LR EZBERTHNA, FICIHMEEZFL 72 < BRNAE
BELH2M, ZOEIBEHE I const F— T —REAVWTERETDILENTED, HIZRIE 2917
TIFAR&KE%EmRT [ATMOSPHERIC_PRESSURE| &\ AU 0m TOKK/ETH D 101.325
kPa 2 #[Y) 2T T3, const F— 7 — ROFHHRIZE Y. LA, ATMOSPHERIC PRESSURE (Z#(fH %
RALEDLGT2LaAV/ANTT =B, HOoTENE EEESTLILEEMT LI LT
%%, const LAMKDME % F2F—7—R&UTreadonly B 5, EAFEITHEIZEY 4T HI, const
IZE B R R U TR I3 E T,

Mz, EHRO—FE UTHIZEREZRIT L Z RN TE S, FIFERIZO < D ORKELEIEEH
HDLE. HDVIFEROBIEO N HIR—%8Y ZWEBEICEHATH D, 42~5317 TIEFH%E %
AL CTREDOWBEMZEHZL TWVWD, WIEMMUEZEKRT S Nonel . DY 7 U —ILEEKRT D
[RockWool) . Z'I 0 —)L%&EKT D [GlassWool] . KV AF L v &EKRT S [Polystyrene] 12D
WCENTNERIETH S 0,1,2,3 2E DL TTVDE, BPEHEMEIIEKTLIILETE, T0EA
IE VS T ASEBIIC BB A E ) T B,

ARETHAT 2 EREHER 1.4 1TRT, MAEOHNDZD, DBEOTOT I AFITIE. ZhbD
EBOYILIR ISR A BT D, 7220, MEOHEIIGUTK LI HDWNIEKW & W 2]
B2 B EOMEIZ OV TIEEEZEINAN,

£1.4 FETHWLIEILREHY

RERAATR Rk fiE
ATMOSPHERIC PRESSURE KEJE [kPa] 101.325
AIR_DENSITY WY ZELROBEE [ke/m] 12
AIR_SPECIFICHEAT Y ERDELE [J(kgK)] 1,022
G_FORCES EIIEE [m?/s] 9.8
WATER_DENSITY IKDEE [kg/nr'] 1,000
WATER_SPECIFICHEAT KDEELE [J/(kg K)] 4,186
BLACK_CONSTANT HARD RS EB [Wm2 K] 5.67x10°
VAPORIZATION LATENT HEAT 0 °C DIKDFEFEIEEL [kI/kg] 2,500

6) 28

55~62 T CIAME OMBGEEE [WmK)], HE m]. BEE ml2RITLHEZEHZLTWVD
(private (B 1ZBI L TIdtER) . ZHUTITFEE ( 18] CER) 239 Y ldouble B 13 EH % RKIE
TEXDEMCTHD, BEERBTIHA42E lint ) | B2 RT 22 KRBT 254121 Tbool
B XFHERETS5EI2E Tswing ] 2 HNW57,

1 HIZIE, KKETH S 101.325kPa, KOLETH S 4.186 kikg, BEDOBHETH 5 5.67x10° W(m>KHRETH D, L
UBEODEWSEICIAREEAEL LAV e H D U, ElikE YRS HEITIZKDBAEEE, FHLZ, #Ro
LA, filEERE UfilE e T2 ML OB TH D,

12 ZOfls, float®, byte®, long BB Y, S OMAHZH, LY HATIX IO 4FEHRNEFEL A CORBICHIETE S,
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BRI 55~602fFDED I T ADETICEHZLTEIVL, IBITOEEREmw DL DIIAY Y
ROHPTERETLDZILETED, AYVY RONEHTERLZZBIIHODAY Y RPLSRTE RN
M, VIADBETFICEHBLUAZBEICE, 77 ALBTEIZTNTOAYY RRLBETEIENTE
%, > T, 70V ILADOHGME SO TREIZTLZOIIETED LT AV Y RN TOEBUE %
ETRETHD, BB, VIADETIIERUZERE 177 AL 7213 T4 VARV A
(M DENFER) & IR,

BEUTIE TfERL) & T2RE O 2 H S, AVY RO (518 (BR) L UTEKEE R~
BEONHERERL7-0, TOECEERTIHENDD, FEMIESELMESHLTEL V0
M, MEIE LD 4EOERIE MERL) | 7T ADA VAR VAR T2 L HZTETIZRW,
7) T 7 & AT

BEOAV Y RBEDAVNRT ZANNOLBTELNENEEHT L2077 AMEMi+
RV, FIZIE29FDEBESER 561701 VAR Y AEBDES TIE (private] &\ 5 BHiTH
MINTEYD, ZOEEIIET T ADIEIE ZOEBEASBTL2I LTI RN, i, 3217&
A3 FTDOFIZERDEFZETIE Mpublic) & WS EBHiFIAMHINTHY, ZOEAICIEY 7 ADNENPEE
ZDFIFERESBT DI MNTED, FIRIXEEDHMBVEERDMEIZ Y 5 AR TO R REIGHEMER %
RETDODEHTH DN, N7 T ADMBINSBHEFICELIND L EM U RV RERRNE
HINDBEHRMENH S, ZD LD BRIGEIT private BRI 7% FAVIUX, SNENS DAV SOEMEE IR
THIENTED, ATV MOIERBIEICEFE ST LSR8, ML DBEZBSZ L %
ATV, A7V 20 MeRT ORI I IV ITOEELRRETH B,

Z DD T 7 & AEHiT £ U T protected & internal 238 %, protected I&, F27 T AMBE T T AD
AVNDBEEHATIHEDT VL AMEHMiTTH 2, intemal IZRAILT LY TVADY T ANEDS
WMeHAT25607 7 AEHi7Thd, BEDIATI7V %2 dIBERRETRMT HEIZ.
T—RHEZR < 2DICHCD L HATH B,

8) AVwWR

111~376 {7 TIEAY v K (BI¥) 2EHLTVD,

HEIZF—7U — RO static E A L TWBMNENT, 1 VALV ARAYY RMT T AAY W RPNITK
LA OENBMN, static F—7 — RIZEHL TEEART 2,

7 2 2 A{EHfi+ private, public DEMRITRIRD & B TH D, public THIVUEYZ T ADHAN S E (i
FARHER AY W RTHY, private THIULYZ T ZADHFITE VT OMMEFTEER AV Y R85, H#l
ZAE, AN SRR ELDEREZITE > TREEZEH T DAY Y RTHD 174 47D UpdateHeatFlow
AV w RiZpublic L LTWB—HT, BEIZRUTT I ANMBOMPLIEEITO AV Y RTH B
158 30 initialize A )Y K& private & LT\ 3,

T 7 AEHiF I < Tvoid] % ldouble) 1AV Y RORVfEZERL TWE (#BRT 25116
T BITIRIV AN T 7R LIFENDRRIRAY Y RTHY, B EERFZB\D)  void THAUE
AV RERGFUZGEDOHINIEML, double THAIZFEHIDOHE N ZKT, BRYEDOWIEAY Y R
HRRTHY . ZOBOMFEIMODTFHIZA Y Y RWZITES ASE BIBEER) THD, Hby=f
(o, x) L RINDEBUL FHDO LI BAY Y RELTHARTE S,
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private double f(x1, x2){
/LN

}

il 2 1£ 282~307 17 T & & X 172 GetlnideHeatTransferCoefficient X ¥ v R & double #1 D Z# T &b %
waterTemperature (7Kif) . diameter (E#%) . waterFlowRate (7KiE) %51%& U T2}, double #4D
)y (B NREORNRBYLER) 2RI AV Y RTHD,

BIBUTHE < Al yOHITIE A Y v RO BRI R IR % Flk 3 5,

9) AVANIIAR

TOTI L1237 T AEREHELZZITTHD 720, EBRICFHEZTDITIE/3T A — 2T BRI AR
BiEERALUCA VARV AR ERTDHBENHD, Pipe ) TADA VARV ARERTDT0T S
AETieDEBYTHD,

WaterPipe pipe;

pipe = new WaterPipe (5[%%);

147 H TId Pipe L WO BDEHRIZE & DX, pipe LWV OLIDEH (ZHE) 2HEL TS, 217
HTIEPipe BLD 1 ¥ 28 v A% EH L, 147 HTHEL = pipe ILRALTWVS, £H5A,

WaterPipe pipe = new WaterPipe(5]£);
1T TRAELTE X\, Tnew Pipe(BI1E0)] WA VARV ADEBMUETHDEHN, ZDX5B1 VA
B A ERRFIZEITINDGRHEAY Y REAVANT IR LR, KBITIK116/FICaVANT Y
BDEBEND D, 77 AZKMEAY Y REMAPFRIUBEICIVARNTI I REBRINDD, RDE%E
R0 2 L PAME— DAY w REFAROETH D, 11617 TIREE R, Nk, HE, BEE%
FIEE LTZITTWS,

BIfFTCAVANI I HUERL TV, 5D 116ITOEDLIEREDL, CATIEIDED
W UARTHBDELRZ AV Y REEZETDIENAETHY, ZOLDBLEEHE [4+—1—
O—R] ERER, A—N—O— RINZAYY RBFOHINAZGEITIE, 5 O5NZE8ITBE
LAYy ROHBINIGERINTEGTIND,

BAMIZ 116178 BIfTOIVARNT 7 ZDOFIHOENEHERT D L, MiETREHE L iEEDN
FHELUTEZLNT VWD ZLIZH L, BETIRRITER U LFIERDOEBNGZ6NT NS, W
DI % it & 136~150 {7 THIZBERDOMHEIZIE U TT 7 AN N ORLE L EANFEINT D Z LM
Hind, WiEM OB MEHEZR L 23R R 2TV AVGEICX 1670 I VA NT 7 2 & H
W, R R BAEIIZE D W R 2 T O WG AIIX BIFOIVA NI IR EHVS L 0D
NG E2EEL TV,

10) a5+

75 ADEBEIEN LB - BT 2 HED—2Ik. BROT 7t AEHiT % public L T35 &
THdMN, RELMEICHREINTERULAVEEPE U ERENH S L2 BETD L, HE VI
WIANZ, WBEIL 64~109fFIZEBE L A2 LD BT ONT 4 2 HOWTEBEBREEZTD., 8287 FTIRT

1 ZZTIXIISA951T RY AF LV 7 —24, JISAIS04 B 7 —)b - 75 A —)V &S U7z, FHNCBU TR 17 EoE
4% 2,
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Length 7HNT 4 BEAETH D, MERERTEHRTH S length B2 2 - BIET 272012
Length ¥\ D &FRD 78T 4 2 EFR L TW5, HBPHIEFRLDOL S IZEM - #8ET 5,

WaterPipe pipe = new WaterPipe(5|%%);

pipe.Length = 10; //Length 7E/3F 11210 m % %

double pl = pipe.Length; //Length 7 11/37 ¢ ZHE L T pl IZARA

get{ }I& Length 7T1/3F 1 BBIEINZBOMEZFEK L TE Y, length DEZETDEFEFHHILT
W3, —H. set{ }i& Length 7037 4 NDRAFIENFTONZIBEDWMIETHY . AJIH (value)
ORMOAEFMEDGEIZIZ 0% length IZHELTWVDE, TONRTF 2HVD L, TOXSIZMHRA
WA FEL LN TED2D. 77 ANBOLBOMIEL S ZLMNTES, AKRICget 772y H
TUHZTH>ZLETED,

64~80 TTIZRT LD get 77w H L set 772V HOEMKRMZIIL L2 EHKTE L ETED, £
oo BRIHADT 7 AT 2HETDILETED, MRELT 40O THNT11d, ¥
Z AN S IEREVHET, 7 7 AME» S IdGeAMY G (set KA]) ERBEHE LTHD Zen
T3,

11) #A Y v R

AV ROFUIEA VAR Y ZAEHOMEITHKER T, BIBOATUHENGERETL2EDEHD, Z0D
EOBAYY RE[FSZDIIHOIDI AN VARV ARERT D LIZHMETH D720, static F—7 —
REHANTY I ALIENHEBEAY Y RERTHE S £5129 5, static F—7 — ROFINAZAY Y
RETITAAYY R (F2IEENAY Y R, static AV Y R) LIER, WA VAR Y ABBUHKAT
U, TV ARV AEZRHALUTUDIRTHEERNAY Y REAS VARV ARAY W REESR, BRRIZIE
111280 fT TEBIN/Z AV Y RWA VARV AAY Y R, 282375 T TEBEIN/Z AV Y RWT 5
AAYY RTHB, 7ITAAVY ROBECHEUIETFEHROLDIT/TD,

WaterPipe.GetInsideHeatTransferCoefficient(5] £X);

TIARYY RIZAY Y ROBIEOAAUKGET 2720, TOT T LEFEMTXESHEFHIBL, &
HETOMBIIFNTND, £/27TFAAYY RTHIULFORTRAN 77 DL S BA TV = b OMEE
Rz RO OEHM S E< R 5720, RETIE, TEBREPIIARAYY RIZLEZTOT T L0
FEREFMNIRHEZITD, @AY Y RIZERTINE, A VAZ VAR Y RPSHEETHE T
UHITHBRETE2I LT I ADEREH L <RV, EBRIZ Pipe 7 7 ATIEED XD 5% & > T
BY . WHAMEDEIKS & UKD BVR R G & 5 O ZulE R G FAL & #ig 2 Y v R
TEHEL. INOHEA VAR VAAYY RPRLFHLTWS,

ZEUZEHUTE static ¥F— 7 — R ULTEETD I EMWNTRTHY,. ZOXDBEHIY 7 AL
BEWFEN, RTOA VY AZ Y AP SHARAILAEDER L 25, #IT static F—7 — RORNE
MaeA VARV ABHEIRD, ELADA VARV AT LI EHTIER L 85, 55~62 T DL
TR TA VARV AETH D,

1 FEBRIZIE Y 7 ABBREBUZ B IRIFET D 2O IEMETIEAR W,

12 AFHTIIFR EMNROA, SEE, YIVF A7 CPUIL K D HGEHRNIE M EH 2O T WD, TD& D REHHEEE L 2 BICIE
EHD CPUMNSDRIET 72 2L 2 TTF—ADBFENRNALY Re—7 870750 TERERH D, static ZEHMHE
WWEIBMZONTIRTOA VARV ANTOMEEL2ZITID LI BMRIITDL, ALYy Re—o78T07I6Li3B8) D5
W, ZODAEVHEREBIICUCEAS VARV AEHESH LA ADRBOE S ITES,
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12) Immutable f > % —7 = — A

A VAR ABAKEMDA VAR Y AITE L EWVGEITIET — X OREEZ S FITABETH
5, 1 A=Y ULD6W0/0, UTIZEKEGIZRT,

BIZIX, IKZXKT Floor 7 7 AMNERINTEY ., KEEDOFEZITD 20T, AN UTLER
D WaterPipe B4 D1 > A& > A pipe 2 Fi> T\ /22§35, HEARDHE 21T ZOIZKIBERE DR
DIREZEY 727U, Floor 7 5 ADA VARV ATH S floor M5, AV INTH S pipe #HUE L.
Z D7 0/8F « TdH B OutletWaterTemperauture % 2T IR VWb E 725 5, BRIIZIE Floor
I AT RO & TONRT 1 2 EBHET D,

70754613 FTORTAIKEBAIVRAIVADZFELL

1 public class Floor{

2 private WaterPipe pipe;

3 // B

4 public WaterPipe HeatingPipe{
5 get{ return pipe;}

6 }

7 //#Bg

8}

UM U ZUIIEFIZERTH YD, HIZIEHE 3HTH S Boiler 7 7 AT FERD K D43 — RAFEHY
NTUED & Floor 7 7 AWEK U BRWHERRENP B LINDG,
JO0754614 BERLBVWAVRYVRADEESHRZ

1 WaterPipe pipe = floor.HeatingPipe;

2 double oTemp = pipe.OutletWaterTemperauture;
3 pipe.Length = 10;

1 7H T Floor 7 7 A®M WaterPipe f ¥ ARV A% ZI\FIWY ., 2f7THTZOHOKREZIET S ET
FHEZ W, UL, 3ITHTREEOEIZ EEZILTLE>TWS, KEEEOHEDREX & #F
MEIMZD L VD WUBETHY ., Floor 7 7 AL UTIEIEERBENRIETE R LD, ZOLOR
M % [ S 5 726D 12 Immutable - ¥ X — 7 = — A% V3 HiENH 5 19,

A VR=T = ALFEA TV MR T T T IV TORETH DL M5 EHT 5 72D HER
THhb, 378~41047 Tl ImmutablePipe 1 VXA — 7 T—ANEBINT WS, #dDIEbND L5112,
VA= 2= AFMEZ OB DIFFHIEE T, SO T 4P AY Y ROXHOAZGLRT D, AHIT
FEEDOTONT IOV Tget T/ Y Y DANERINT VWD, 1 VA —Tx—AF, A7V
I EHZMEPSRAZBEORAF 2R L TH Y, ZOEKTIE ImmutablePipe 7 > & —7 = —
Atk WaterPipe A 7YV 22 b % [H5AMDERED A WS HIE S RAZGEDRZINMNY 2 REL
72HDTH5, Upadate IR EZFED set 7 72V Y732 L, WaterPipe F 7V 7 NOTHE2EET
BREIXREMINT VS, 201 VA —T7 2 — A% BARWIZFEET 2 20T 25TIRT@ED . 75
AEHOBIZ, 28y T IEII T VA — 72— ADEMERL#HT D, ZOEEIZELD, §RTO
WaterPipe 1 > A& > A% ImmutablePipe & UTHD Z L EHAEL 2D, £ZTTHO YT A 1.3 D Floor
I I ADTUINT 4 & NilDil ) BET B,

Ta75 4615 FORTAIIKEBA VRV RADRITEL?2

2 P e ivars Watorpipe pips;

//vhBE

public ImmutablePipe HeatingPipe{
get{ return pipe;}

}
//HBg

O ~NO O WwWwN

}
Floor 7 7 AN T A VARV Alk, FERE UTIIERTE F U pipe TH DM, 417HZ HNIiXb» 2
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& 512, ImmutablePipe ¥ UC 7ONRT 4 BREHZINT WD, -oT, 7T Ih 14%FfTLEDE
FT2E3fFHTIV AN T =24 U %, ImmutablePipe I&Fi ALY BEEE L W S I » 5 R /-
WaterPipe & 7Y 227 N ThHY, ATV I MIEFER MR DUETH S Length T/ F 1 Dset 7
TYHIEEREINTORNNSLTH D, BB, Immutable f VX —T = — A2k, ATTVV D
RSO V8 F L AROVTRh Y b,

AETIEAFKET L7 7 AD%<IZ Immutable 1 VX — 7 =— A% EHET DM, AR Y 235 72
b, TARTOY —AI— RIFEH LBV, Immutable 1 V2 —7 = — A& REKEFT 275 A0 o8
TALAUEAMD get T 7YY WNERINTVDIED LRI TN ZZ T 0D,

13) o

PAREIZEY ., 07T 4512 2R 2 70O B BRER O FFEARRIC DOV TIIMRT X 72, Kk
2, TRT I L1288 LTEDE D ITIRDES O E MR LU TR EZK R D,

9. Pipe 7 T ANA VARV I NBZBITIE, HI~ISSIFTEHEINAZIVANT T ZPBFY
HIND, 2BEOIVARN T ZANEBZINT WD 2O, 5IHUZIGC THEIRIZETY) 51 R f7hh
%, WHDENIHME LHEEORNTH Y, 116470 TV A T 7 ZIFEMKRK ML & Bl E DR
HZZITHD— AT, 13140V ANT 7 ZFFEMEROMIECTT 7 40 MiZ#ET S,
M & B BE I 13 initialize A YV Y REFOH U T 21T 5, BUEREER OV 1 X342 &K
I T 2 0TS AT B EEREEIMMEY, 22T, N1 %212 & 1.31241), initialize
AVY REHWTK EFTEHELTA VARV ALEHE UTHRIFLTE L, K, IFEE WK S 4
KHETOEEHARTH Y, BIE L WHEMOYMEITKET Z2EHTH D, ZD LD QL T K

ZBRDFMENLEDLDEIIR 11 22 THIMAET M ZHiNT LN TES,

2
K=
T dy 1 d, (1.2)
2, e,
K,= -

Ay d; * K, * a.d,

initialize A Y W RIZINED 5B T I A\ private AV Y RTH Y, EELEEE WiERLERIZE &
DWTHRE D OARE F TOREBGERRZFHRT D, Z DERIZIE GetPipeLinearThermal Transmittance
AV R (N120HE) 2095, FEMBREAI Y AR Y ALK TH D
pipeLinearThermal Transmittance (2 /A X D, 1 VARV AL TH S /28, initialize AV v REED
ETDAUNPOLRBRARETH B,

K& ZBRDEM % B HET 55546 121% UpdateHeatFlow A VY K& W5, #Hi7z2KEMEB L UELE
2% & DWW T, GetlnsideHeatTransferCoefficient A ¥ v R & GetOutsideHeatTransferCoefficient A ¥ v
REHAVWTHRAMEERZEHE T L, 228, INHMAY Y RIFFEHHAY Y RTHY., TOHHIZH
UTIRBEREDKS S CIRD RO ETHHET 6, MRARERNGHETEINE, FOREFELT
7z pipeLinearThermal Transmittance & 54>+t T GetAirToWaterLinearThermal Transmittance X 2/ R (X

+1 Immutable f Y X —7 = —ADEDIZ, ATV Y MEMTOY S IV T %475 ETHET RS MBMKRFIELS 791 2N
A=V LLTEEDHLNTNS 0B, i TEARHI TR U Immutable 1 ¥ 4 — 7 = — A%, EHEBRMY AT LEZET
WALT B ECTHEEICER BN =V THD L EEFHZI TS, 45, Immutable 213 (A% 2B TIRAFATH S,
4.
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13DFEE) IZRAL, KPOSELZETORBERZHET S, HEERIL64~109FFICERINA T
ONRTF A ZHNVTEET S ENTE D,

1.6 BMRIRY AT L &I

BIREI Y AT ADOMEZR 1.6 1253, BIEREY 2T AIWL D00V TV AT AT &> THERX
N, NSOV TV AT MIMEIZES W ETTS, ZOREORS IFBREY AT ML >THA T
HD, PIZITH 1.6 1Z4EHEETHDA. GMOIHIZE, ZEHE 2R mHEZzRLTWD LIRE
FTFEMRU TV, FEEMICEHZ Y AT LD B, AME2 AT LAOTREMIZLIZT D, &
YT VAT DIBEM T 2 Fi b, HELP TR 5 OBBERICH B R Z1F DD, UHHEHEE MR L
F25L95, LEOBICEIUTE RIE, T TR, T 32K ILIRE, Tw 3WKRE, Twidd
HKRBELZRADN, ZD77D, 7Y AT AIBEIZEU THMHEN S HAREN R EDT RV XF—
e E 220, ERNSBMIEEZIT ) 95, £/20 BT TV AT AFBEIC K o TR I N,
ZOBIEZ WX T 2 2O DI U TH DRIV F— N nE L 2.5,

HAEL (5 5M)

il VU U (R (

A Tsso RRAEME Tsa RN Tos2 BEME Tsss
_ Tso _ Tsi _ Ts
e NP \ e T
T AN L WS AN PN BT AN 9 W Y

ﬂva%A<// ﬂjvz%A</f ﬂ?vx%A</} BTV AT A

IAXNF— (FA - %EH)

B1.6 BBEEY T LOER
BEFOHMNISUTH 1.6 2 < JFiRIE 2 DIZKAIEI N5, 1 D HIEOMRNZ HNE T8 DTH

D, FIEROYIalb—yaveidng, €5 1 20HMWIEZ RV F—HEBETFHTHY, =)
F—yIal—YarvePEhsd ey, AHETREIZIANF—YIalb—Ya VIZAIU LG
R RS B,

HHROY I ab—Yarvid YATLAOREEZREMICEEZI L OO HEEMFTITLHLDT
HY. BIEREHBOD 720D NV T XK 2/ DR a OB 1E & HIE T B HIER & O EMH
ANEEE 82, —J, TFIVF—YIal—vavid, EAMIZIRREHEIBEMIZ BT 20
DHHETEIHEZITO>EDTH Y, REBMHE L FHEMEN 3T 2 F TOMRIXMBEIZ RS BV, HIHRY
Ral—YarvTRIDHBIENELDIMEANRTHDNE, TOMKTEHBTEDLSI1Z, £<
ORISR AL MNRETELIHMALETINE UTEREAT S, TV F—Y3Ialb—varvol
BIIE—HOER (BRI PEERARLY) 2RE, BNRETIVEAVD,

IANVF =Y Ialb—YaveUTH 1.6 2<%, TiASIMEIC EiRic#ll> TEHE LT
S, BIREOHFIZHILTE R IE, BRBEEMTHD T2 EHTI2OIHELRAZIHEZFHAEL, E
T o DOBERE TolZ 2N EMA S HT ERADOBIIRE T2 1195, Liid 5 ORERE Ty,
T ERANDBIERE T (B EZIT 5720, BIEMERTOILISICHADN, TAVF—YIa

11 BEEBTH 2 2 OBHBRD A % I GUTHZERIBE TRB U 228, IBEGRICBELTERUTH D,
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L=2avThdd TuDITZE ST, TodBEMTHD Tnll —MTDLARTDOTHD, I
DEMEE EROY TV AT AT GEGEL T D T TEY TV AT ARBEL TH5 LRIV —H
BMEHETED,

WEF LEOFHETROA, FHEREMER U CREFENBEE RGN H D, YTV AT A
DOEIMARUTEREMERY, FEMEMHTEIRVEATHD, ZOLDRGAITITEENML
BolY TY AT ANS FIROY AT AZBIEDOREZRE L, BIHRENBREMN S LD & 5 1240
THMTT 6 D% KEEIE TRE LR ITIER S B0,

UEIZEY, B TIATFLICROENDFHEITEANICIZ 2 DTHD 22D ”"D, 1 DiFkE
EAHEEIZ BT DL VOHHROE LIV AT LADREZRFET DEHMETHY . £ 12138
AL B GHEIY AT AOREBEZRETLFHFEUETH L, BEDOFEIIMRIC TRV 17 SRED
R LIRIEND, HIERDOY I 2L —Y a3 Y TIREEOZODOETIVEESR L IZINICHET S -
O, WEIIEBRETNE U TIRDITEOFENBED AL FEET D Z L NL W, HlEkERE A&t
ETEZLVDETNDOEERTIINF—VIal—YaVvFEDEDTHD VD FEBIERYTH
. WO ECHUKDBM 2 SRR E T DMEE LI D &S BRETIVEEITES BN 0%
WE DT, FRADAEDBRNZENE 2 H D,

BEMOBEITIEFRICH U TERUZRELZ R U CTKEFIREZTD L3 U AR, FHE AN % HlW
THEOIRMBAT L VS MEEAVD AEEH D, THIFHEME ERHELOTIIZE L DNT
BHUZLRRAOREZ RUHAREEZL., THEHRBLTINIHANITIL WS HDTHD, T
THIANF =V Ialb—YavoELZLZENEMNAI AV —2FTLI212HY . BEHEL
PRI ARG E L IZH) BRI R EDHETREOMAL RN F—HEEIIMADZENTENIID
HEFERI NG, BAMRBIZSNTHEIIREZELS FHETE LWVWD 2 LIlH £ Y ERHME
WIBHIZEWTIE, ZOEI R LR LD I ZYTHD, HIZIE, ATRAVFECBSVTHY
5TV 72 BECS/CEC/AC Tld, RUMAT %2 HAVD Z L THAFRES TRV X —HEIETL T
Al % 47 > T\ 2, BEAFRPRIE CIRE A BEMD O T 2 &\ D LR % RIS 2 72 I IR b
MEWSBRMPBETH DN, TXNF—BWREE L WD 2 DO TOBEANZRFTEZITS Z &
KR TIEAR S, B TAEENR RO SNDEHIEIIZRU 80 AEZDTHA D, RETILE
29 T Z OREIZEEAAD,
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(55 1% ZEXH]

1.1)
1.2)
1.3)
1.4)
1.5)
1.6)
1.7)
1.8)
1.9)

1.10)

N

A1)

RN

12)

N

13)
14)

N

1.15)

N

.16)

1.17)

N

.18)

1.19)

1.20)

1.21)

1.22)
1.23)

1.24)

1.25)
1.26)
1.27)
1.28)
1.29)
1.30)
1.31)
1.32)
1.33)

1.34)

B CHIL—ILT vV, T AXT 1 7, KA2it BBERSERT —EX, 2004

FHINYEA /XY I VI L 2 ERBMETEER, 47— Lt 1986

William H. Press, Brian P. Flannery, Saul A. Teukolsky, William T. Vetterling : Numerical Recipes in C, ¥z
L RRATETERL, 1993

BAER: BEFE TERN L BORERIESY, AEKAR1, 1993

TAE, AR BERO O ORREMATAR, LBEXFRETTR, 1993

Braun, J.E.: Methodologies for Design and Control of Central Cooling Plants, Ph.D. Thesis, University of
Wisconsin-Madison

B#LIal—YarvFOVSLoBAREESR  BRAVATLEEYIaAL—YI3VTOIS L
HASP/ACSS/8502 707 5 AfREHE, 1986, HARERFELHS

WER, BRELEX, MILE— BRIV RATLAOIFINF—2Ial—yarFOi56 (BE1R-EIR) ,
XA - HETZFMRE, pp.425-pp.436 1985

HEZEX BT FRIVF—EKICEDCCECIACDYIaL—>Y a3y 7FO45 54, BECS, BREEZRRET
BFEES BREBNEERFE20OBY VRI YL, pp.75-pp.84

Fumio Sakurai, Tatsuo Inooka, et al. : Faces (Forecasts of air-conditioning system's energy,

environmental, and economical performance by simulation), Proceedings: Building Simulation 2007
Beijing, pp.1661-pp.1668, 2007

BIIE, MNERT, BEERX, BOE 8, ARME, EHRER, SHMEILBIRILY S HEREUEE
Y=, BRERFRIBIRRANE, 55616 5, 91-98, 2007.06

Joe Clarke : A review of ESP-r's flexible solution approach and its application to prospective technical
domain developments , Advances in Building Energy Research, 2007.4

WER, #ILE—, ABAHE, JIITRE  ZHRREOBMBAEETEAM, HABERKLTHS, 1980
KD, 151E, PREYL  ERAMCATADEMNY I 2L —aveE T4 MRMICETZFRZD 1 XK
B HVACSIM+%Z W= VAV IS AT LDV Ial—vay, BEYLAPHASZMERSETE,
pp.1581-1582, 1993.9

Crawley Drury B. : Energy Plus ; creating a new generation building energy simulation program, Energy
and Buildings, Vol.33, No.Issue 4, pp.319-331, 2001

V. Bazjanac, T. Maile : IFC HVAC interface to energy plus — a case of expanded interoperability for energy
simulation, SimBuild 2004, IBPSA-USA National Conference Boulder, CO, August 4-6, 2004

A. Fiksel, J. W. Thornton, S. A. Klein, and W. A. Beckman : Developments to the TRNSYS Simulation
Program, Journal of Solar Energy Engineering , pp.123~127, 1995

BRI EE, MIBER, BPHE, MREX, BABEE : 1 7Y M VIRV F—TRX—I XY MNDHDERE
VRATFLYIalb—YavEAR 1\, KA - FEIERRFMEERE, pp.195, 2005
2R, BREE, BAEE  BERZBOS A IVA VLT RIAV MBI BV RAFAYIaAL—V 3
VOERICET 2%, ZRMBA - A TS LHTE, No.128, pp.25~34, 2007.11

Dustin Boswell, Trevor Foucher : The art of readable code, 5R: A8, Ao+ >S4V — - v/,
2012.6

BAERESEIRESBANFERE I L —YaVvfRe  BROERAKE Y IaL—>Yavy7rnsd
SLDHE, BTN - HETIS $£58%, $£7 5, pp.65-pp.78 (pp.683-pp.696)

AWE—: BELBEER, pp.7~10, 2009, ERE A BEREH R

SRR, AR Bg - RELCORERE (20 1) BE () B85IK20T, BFAEREXR REI¥SH
B& BRIBENEESR E30EY VRY D L, pp.51-58

MR, SR RS - RECORFRE (20 2) BAFE - B4 - ERORRK, HAEREZ 2 BRIETFEZE
B4R BRBENEER F30E Y VRY T L, pp.59-64

JIS A 0202 BT FEE, AARBIHR, 2008

ZERGA - BN, TRAEN - FEIYR, 47— A%t 2006

Jesse Liberty &, $8AF=MW, FE—F R TOVSIVICHEAR F54 ) — - Vv /3, 2006

Jay Hilyard &, #8KEB R: C#I v I Tv o B3R, 514 1)— - T v/8, 2008

B - 7T+ — & 8ASER R Effective C# 4.0, Hlik+t, 2011

s Java SEBTRERTYA VRY—=V A, VI MRV RTY v, 2001

Steven John Metsker: Design Patterns in C#, Addison-wesley, 2004

78I FRER, BN - B, S5 3 & p.22, BT 4, 1982

BBHEAT, HilF—: Immutable interface 2 F A L7 AARERERFAEI SR 54 73 Y OFEE, ZR
R - METIZES FMHEERHIE, pp.1995-1998, 2009

ERFEMN - HFETFR ERFENRFEEESR BREFNEETNEERI VRI T L(1989) &, 3. ZFHY 7 +
D7 -aAVINR,p.26
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HE BEEE

(Numerical Computing)

21 B=E

T0T 5 MMEROEE L 2 BADHFITIE, FEEIC & IR TREWIZFE BT X 20
Bndd, ZOBEITIZIVE—XIEDZAEENENTH Y WRAKEFEIZ X > TR
RRIZ 2 8D B PEPREINT VD, ZO& D BFELBINL THUER R L IR, BUEGEIET
NEAEBR—DDOEMBEHTHY . BMA—Y DR B THEEZMFET S Z LIETER, AETIHMOZE
THWS Z L1274 2 FARM R BAEGHREIEIC O W TR Z 175, FHT | 2RO IR R ROk & 17
FIEHEIR TEDOERETH Y . TORHHEMISEEARE ST L5800, BHEL, HETAIHE
hicdd,

ED &S RMEBIZE MM TE 2 HRELBUEGIHEIEL WO L DIRAR L, FHENG L T2 MEOEE X
BEETOREEREEREERATY 7 MY o 7HRBEDERINGBIRT NS EDTH D, b2 RBUEE
BEEREDIDBHEIIELS>THERDELD L LTWVEIDONIDWTHMTLEZZ LK, FHFH Y
DESIZMEEZTEIREINEVIHMIIEEVEEL 525,

—J., BUEEEY 7 b2 7IZBLUTIE, VA= RBA[AINSZTA TV EL N 22—
DEIBRTATIVEARDTOT T L% VIIVTEHEERTOILVWIZLE —DOFETHD
M, X HIZFRRSHEE LT MATLAB ¥ Octave 2 EOPHDBEFHEY 7 v = 7 2 HVS L\ D
FELEHD, WETEZOBHOWREFEEZZOLSRY 7 MU 27 2 HWCTEMEGREE VS EEE
AHELLTWDEES5THD, LU, BHEEEIIDERU TRIRTEZROETIXYIal—vavi
179 —=DDMRMKTH D, BIFKRRT DL 2 HRT 2,

BEH21 SHEHOEEH Turing Bombe?'?
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2.2 EMN—RARADEE
221 FHERYT MNILDKRE

MW —RARAIE, —MIZX 2.1 TRETE, FHTERETD R 22845, 2720, 175[4]
BLUORT MVx], [plIEF 4« X223 TH D,

apxyrapXx,tap Xt ta Xy =b,

Ay X tan Xy +dy Xzt +d,y Xy =b,

Ay Xy tanXy+tay Xyt +a;y Xy =b, 2.1)

Ay Xy ¥y Xy ¥y 3 Xybay  xy =by,

[4][x]=[p] 22)
ay ap coapy X b,

[]= @ 2 o dn ] =2 bl B 23)
Ay Ayz 0 Auy Xm by

HN —IRABRAZHOBITIF LE DO & 5 BITHIRIE 217D T eNL W72, BRI BIREEIZA S AT
W2, B EUORT MV ROTITAREB LU TEL, $bB3A, BEOTOIT I AZETHNIE
LRI LR THFINHBEINT WS 2, sz BiIHS LS AikdHd, LirL, —
A8 & 5 > CTHEATH]. BT, W78 =M1, RE, e ZREE H Y. ThThO75]
DRHUIG U - fEENEIET B, o T, HMHMAZEBEFITIERL, ThThEjED s 5 AL L
THRHELTBHE. ZORBIIISU 2T L Y | HRITH S,

1) FHABEORT MDAV E—T 2 — A

HB LRI MVDA v E—T 2 —ATH2 Matrix & U [Vector DEHEE T T T A 2.1 1R
T AR, —BATH (X7 M) 25 A WATE (NT RV) 7T A, BTV T AR EET D
MW, ZOAVER—T 2 —A%FETEILTEUSIIED Z LA ATREIC AR D,

7a754621 TFHELIURIMIAVI—TI—RADES
Popolo.Numerics.MatrixOperation. IMatrix, IVector interface

/// <summary>{TBA ¥4 —7 = —R</summary>
public interface IMatrix
{

1

2

3

4 /// <summary>ERDE%KE - WIS T H</summary>
5 /// <param name="row”>{7&S</param>

6 /// <param name="column”>%I&ES</param>

7 /// <returns>EFRD{EES /returns>

8 new double this[int row, int column] { get; set; }
9

10 /// <summary>%NHA{L 9 B </summary>

11 /// <param name="val”>#JH{t 3 % {&</param>

12 void Initialize(double val);

13}

14

15 /// <summary>~R%J L4 >4 —7 = —Z</summary>
16 public interface IVector

17 {

18 /// <summary>BERDIE%EE - BIS T 5</summary>
19 /// <param name="index”>EHRE =</ /paran>

20 /// <returnsDEZRDES/returns)

21 new double this[int index] { get; set; }

22

23 /// <summary>#ER{E 9 B </summary>

24 /// <param name="val”>#JHA{L ¥ % f&</param>

25 void Initialize(double val);

26}
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2) —fRDITH - XTI NNV T T A
— R DITHEEDT I T ATHD Matrix DEFZEZ T OV T L 2215517, 2RTHAZ AW TIT4
BHEOHBERTEUHETD, XTI MVEEDT IS5 ATH S Vector DEFHITEIET 2 HLEELITIFIZR

BT

Hd,

70755622 —BOFTNIZADER

Popolo. Numerics.MatrixOperation.Matrix class

1
2
3
4
5
6
7
8

9
10
"
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
4
42}

/
p
{

// <summary>475</summary>
ublic class Matrix : IMatrix

/// <summary>{7F</summary>
private double[][] matrix;

/// <summary>{T¥ % BG4 % </summary>
public int Rows { get; private set; }

/// <summary>FI$ % BN 4 5 </summary>
public int Columns { get; private set; }

/// <summary>BRDE%ZE - BIGT H</summary>
/// <param name="row”>4T&=</param>

/// <param name="column”>FI&E=</paramy

/// Lreturns>EFRDIEFE/returns>

public double this[int row, int column]

get { return matrix[row][column]; }
set { matrix[row][column] = value; }

/// <summary>3 > R kZ 9 &H</summary>

/// <param name="rowSize">1T#K</param>
/// <param name="columnSize”>FI%L</paramy
public Matrix(int rowSize, int columnSize)

Rows = rowSize;

Columns = columnSize;

matrix = new double[Rows][];

for (int i = 0; i < Rows; i++) matrix[i] = new double[Columns];
}

/// <summary>#H#A1t 9 B</summary>

/// <param name="val”>¥JHA{L§ % f&</param>
public void Initialize(double val)

{

for (int i = 0; i < Rows; i+t)
for (int j = 0; j < Columns; j++)
matrix[i][j] = val;
}

3) ¥ TFI Y T A
I & > Tld, THID— DA EERIIRIET 2720, TOMDERZRITIEBELIHNGEDL D

%,

ZD& D BGEITIEK 21ITRT &1, BIENROBH 2 D175 & UTHBIT5 & ART

EBIENRIZR D,

il

Ay Ay Ay Az Ay | | TGITH Eiaxaedl

Ay Ay Ay A3 Ay Ay Ay
Ay Gy Ay Gy Gyl | :::> sz di
Q3 a3 A3 Gy Ay MT3FIEMN L5745 B E TR 9 Ay, dg
Ay Qg Agp dy3 Ay

K21 DT ETITI
PHIRERDT 2 5 ATH S MatrixView DEHE T 075 L 23 10RT, TAFHIOA VAR YR

(547) LHAITHIFIAALE (7~1117) 292, ERADT 7 AW H > 56121, H21751

Pt
EES

RBIZEDLETY 7 NIRAETTHA VAR Y ADBEZIZEHEIES (19~3517) ., 2D LI
ZETHATH T 7 A VD R, BOPTTHNOATEDMEDEREZRELTWED
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PELIZETICHBE 2 DD I N TEDZ LIRS, 37-50TIXIVANTIZZTHY, TTFIOD
A VARV A, EAITHIBAE, [THIB%ERIBE T 5, i1 2 RDT 20O Matrix 1 ¥ &4 —
Tz—AEZHVLRIFEETHY ., TOLD BAMALTHIX, MatrixView DA YV ARV A%
MatrixView DIV A NT 7 A DFIBITT B I ENAREL 85, B, ANTROBAITHIDEEI A
BEIZR B, BN D MV eRDOT I T ATH S VectorView DEHIFEMT 2 VWUHIZFERTH 5,
Ja75 4623 BATNISADES

Popolo. Numerics.MatrixOperation.MatrixView class

/// <summary>ER4>{T5I</summary>
public class MatrixView : IMatrix
{

1
2
3
4 /// <summary>¥ & DFTFHI</summary>
5 private IMatrix matrix;
6
7
8

/// <summary>ER53175IBIATTES</summary>
private int rowStartNumber;
9
10 /// <summary>ER43177FH1A5IHES</summary>
11 private int columnStartNumber;
12
13 /// <summary>{T#{% BXf3 9 %</summary>
14 public int Rows { get; private set; }
15
16 /// <summary>FI#K % EX/3 9 % </summary>
17 public int Columns { get; private set; }
18
19 /// <summary>EFRDIE%RE - IS T 5</summary>
20 /// <param name="row”>4T&=</param>
21 /// <param name="column”>5ZES</param>
22 /// <returns>EFRDIEFE/returns>
23 public double this[int row, int column]

24 {

25 get

26 {

27 if (Rows < row + 1 || Columns < column + 1) throw new Exception(”Matrix out of range”);
28 return matrix[row + rowStartNumber, column + columnStartNumber];

29 }

30 set

31 {

32 if (Rows < row + 1 || Columns < column + 1) throw new Exception(”"Matrix out of range”);
33 matrix[row + rowStartNumber, column + columnStartNumber] = value;

34 }

3B}

36

37 /// <summary>q ¥ 24 ¥ R &HHL T B</summary>

38 /// <param name="matrix”>% & DFTFI</param>

39 /// <param name="rowSize”>4T#</param

40 /// <param name="columnSize”>F %< /paran>

41 /// <param name="rowStartNumber” >ER4>4T5IRAtE1TH =< /param>

42 /// <param name="columnStartNumber”>ER5>1T5BA14 5 HE =</ param>

43  public MatrixView(IMatrix matrix, int rowSize, int columnSize, int rowStartNumber, int columnStartNumber)
44

45 this.matrix = matrix;

46 this. rowStartNumber = rowStartNumber;

47 this. columnStartNumber = columnStartNumber;
48 this.Rows = rowSize;

49 this.Columns = columnSize;

50 }

51

52 /// <summary>#JH3{t 9 %</summary>
53 /// <param name="val”>¥JHA{t ¢ % {E</param>
54  public void Initialize(double val)

55 {

56 for (int i = 0; i < Rows; i++)

57 for (int j = 0; j < Columns; j++)

58 matrix[i + rowStartNumber, j + columnStartNumber] = val;
59 '}

60 }

4) BITHI D 5 A
FEIEBEIZB VTR N, ETNEENTERRTREL TELHERZ2/2T5 &, fFHEZD
FaEN0 L RDIGENL N, TDEDBREZDFBEN 0 TH L1752 8175 (A)S—AF M) 7 X)
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EIERY, BHATHIDBEIZIE 0 2 EUTANTOERIZOWTREEEZ AT T, 0ANDOERGE
EOME (TFIFT) L ZTDMEDAZFLEL THIFITR,

BT E£DT IS ADEEHES TOT 5 A 24 105RT, 2RTHFITIER L, 5TI0RT & D 10
BlFITH O & 2B HEDMEERIFET D, 1327 {TWMTHIEZDOHFMELTH B, 23,24 17 THAESID
MBEZITD, F—PHTEZRL, BEENFEELRTNIE0 ZKT (2447) . 28~3517I34THIEH
NOFERARETH D, 0 BREINDGEITITHEBES» O BREEHIRT S, 384717133 A b
Z78THY., TBHOEDOHEBRG] 2 EKT D, 59~70171EN7 MV EDROFEMETH D, 17
FBERZDETE2EIEET, FOHEZDOAZIY LT Z L TEHAELZ &EHRILT 5,

TOY5 624 BITHY S ADES

Popolo. Numerics.MatrixOperation, SparseMatrix class

/// <summary>ER{T5I</summary>
public class SparseMatrix : IMatrix
{

1
2
3
4 /// <summary>3E 0 ERZEINT % EREFI</summary>
5 private Dictionary<int, double>[] elem;
6
7
8

/// <summary>{T¥ % EX#S 4 % </summary>

public int Rows { get; private set; }
9
10 /// <summary>FI$ % BXS$ %</summary>
11 public int Columns { get; private set; }
12
13 /// <summary>EFRDE%RE - ST 5</summary>
14 /// <param name="row”>{T&S</param>
15 /// <param name="column”>FI&ES</param>
16 /// <returnsDEFRDFE{E/returns>
17 public double this[int row, int column]
18 {
19 get
20 {
21 if (row < Rows)
22
23 if (column < Columns && elem[row].ContainsKey(column)) return elem[row][column];
24 else return 0;
25
26 else return 0;
27
28 set
29 {
30 if (row < Rows && column < Columns)
31 {
32 if (value == 0.0) elem[row].Remove(column);
33 else elem[row][column] = value;
34
35 }
36}
37
38 /// <summary>q ¥ 2% > R & #HA{L T B</summary>
39 /// <param name="rows”>{T#</param>
40  /// <param name="columns”>%F¥k</param>
41  public SparseMatrix(int rows, int columns)

42 {

43 Rows = rows;

44 Columns = columns;

45 elem = new Dictionary<int, double>[Rows];

46 for (int i = 0; i < Rows; i++) elem[i] = new Dictionary<int, double>();
47 '}

48

49 /// <summary>¥IHA1E$ %</summary>

50 /// <param name="val”>¥HA{t ¢ % {&</param>

51 /// <remarks>ER{THIT 0 LAS- T DHERL I FEEBRS/ remarks>
52 public void Initialize(double val)

53

54 if (val == 0.0)

71 e LRMDEEMRRRTH LM, ERNZBEESA2 MLV, BB THH THTH AR E MBI
ORI 0 N E WMTFI DG E I @I iR < HIEDEIET B LD 2 LW BT & —ATH L ST TR S B TH D, L.,
0DV DUEBLITHEME VD ZEMHENICEAZEDTIRAL, [THIOWEEIKET 2720, BATHIOERDS & 7-
FEMEINIZ 0 BV E WD RBUCR S X2 2GR,
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55 for (int i = 0; i < Rows; i++) elem[i].Clear();
56 else throw new Exception(”Not Implemented”);

57 }

58

59 /// <summary> AAANRY ML &EDFEEETE L THARY MUICHENT 5</summary>
60 /// <param name="vecl”> AFX% kJL</param

61 /// <param name="vec2”>H{F] : HFIR% kJL</param>

62 public void Multiplicate(IVector vecl, ref IVector vec2)

64 vec2. Initialize(0);
65 for (int i = 0; i < Rows; i++)
{

67 Dictionary<int, double> row = elem[i];
68 foreach (int col in row.Keys) vec2[i] += row[col] * vecl[coll;

70 }
71}

222 BEFEEERERE
AN R GRBRROMEIREREEE KEFRICRESL T 5NE, EEEREROHERBTCHIZZY

DES ZEPREIEINTE Y., THIOMHREICEDLY RS ZENICHERFD Z LN TE S, KEEIT#H
LRHIMED B U TRIRGHEIC K ) RIZHRE L TS FHETH D, EHEELIZERY, 7504
B2 & > TIRRIZIER ICHERIA D 02 ORI H DM, FE0BERIIODWTOARERZEHT
NIFER W20, 0 BRPLVEITHIOGEIIFEREEL Y £ ENIEVRHITHENIE OIS, AET
IXEBEDHI & UT LU 43f# £ Thomas Algorithm %, KAEEDHI & U TR A FE % ST 5™,
D) RZ M- 175ERE

AL —IRARRADFHEICERE ARV, FHERREZ AT BRI ML EATH OB % E
1273225 Z 2 DE, [THIOFEBIZREBN NI TH L 720, T07 7 LOTTOROH U RBHIER
WRELBYNLTHD, > TIN6DTOT I LAVERIZEETEID2NENE. 2R TOT 5 L
DEEIZRERFEEE525, Z0OLODIZ, AVEa—ADNEHEEDEIIIZATY ETEHEHLTW
2 EERLTHY B UMD HEEHFHE LAY, 1FOFELV—T o) ONEEEP L TILV—7
BB EEIE ZHIRT 2 5 OV—7 - 7ra—0 ) BEBERINTND, KEOLHLIX
"WHEE EIFS 7201l ZD&D BT RIIIT>THARNWAZD, X SICFHERE % [ LU 20 EBEITIE,
Xk E ZIRO L, 7075 ARBIEINLWD,

TOT T L5250 RT NV - f[THEREZ RS, 1~18fTIEATFIR OB TH D, 1217 T ATTHIDG,))
BWHEOMEZBsmA ITRALTEY ., ZHIZED 4TFON—TTEATGHANDIEDIRL T 7 AN
ARELRD, MINBRTRTHDENINZTTEEFRIEEI 20 %M LT 5,

19~33 17 & 35~45fTidThEh, 17418~ 27 MVORER, 175IH LOMDEEWLITH 5,
TOU54625 RN -TIEETOTS AL

Popolo. Numerics.MatrixOperation.LinearAlgebra class

1/// <summary>{T5DF&(C=AB) % Et&E ¥ % </summary>

2 /// <param name="mA”>A 475I</param>

3 /// <param name="mB">B 47%I</param>

4 /// <param name="mC”>C 175</param>

5 public static void Multiplicate(IMatrix mA, IMatrix mB, ref IMatrix mC)

6 {

7 mC.Initialize(0);

8 for (int i =0; i < mA.Rows; i++)

9

10 for (int j = 0; j < mA.Columns; j++)
1 {

11 EEEOEBRRME L UCIIARR T EIFS LU SRIEOMIZ QRIEVHIT 5D, FHABEIL LU HAEED AR OH, G
FOBBAIEFE IR EVGE IS T 2B EOZEMEICBI U T QR ARMMENS . B FLIEIG KEFHRIC & VR LR
EHEHTLFIETHEM, — /T, AREIOFHETICRT 2 Z EAGEHINT WS 72, EHEEE KEEOWTIICEEI A
WEARBTILEDHD,

-33-



RERBEET R

12 double smA = mA[i, jI;

13 if (smA 1= 0)

14 for (int k = 0; k < mB.Columns; k++) mC[i, k] += smA * mB[j, kI;
15 }

16 1}

17 }

18

19 /// <summary>{TFl&~RY MLOFEMASHE TS (V0 = o mA vB + B vC) </summary>
20 /// <param name="mA”>37%! A</param)

21 /// <param name="vB”">~ % k)L B</param

22 /// <param name="vC">~R% ML C (M EEEINB) {/param>

23 /// <param name="alpha”>&E—IB D&/ paramd

24 /// <param name="beta”>& ZIH DR/ /param>

25 public static void Multiplicate(IMatrix mA, IVector vB, ref IVector vC, double alpha, double beta)
26 {

27  for (int i = 0; i < mA.Rows; i++)

28 {

29 double buff = 0;

30 for (int j = 0; j < mA.Columns; j++) buff += mA[i, j1 * vB[j];

31 vC[i] = vC[i] * beta + alpha * buff;

32 1}

33}

34

35 /// <summary>{THIDFMAEET S (mB = cA*mA + cB*mB) </summary)>

36 /// <param name="mA”>A {T5I</param)

37 /// <param name="mB”>B {T%l (@A LZEXIhD) </param>

38 /// <param name="cA”>E&E—IH DK</ param>

39 /// <param name="cB">% —IE DRI /param>

40 public static void Add(IMatrix mA, ref IMatrix mB, double cA, double cB)
41 {

42 for (int i = 0; i < mA.Rows; i++)

43 for (int j = 0; j < mA.Columns; j++)

44 mB[i, j1 = mA[i, j] % cA + mB[i, j] * cB;
45}
2) LU 73 f#

79412 X 24 B XX 2.5 TRIND ZODIFFI[LI L [UDRBIZARTEH L 2ER D, TIT.
FTHIL)IEN A ER L T D DAL 0 TIERWVTHIT, FEMAITH] EIER, [FRRIZ, 175 (U3 f
TWREZDLADAD 0 TIERNTHIT, LEMITHIEER, FEMT5E L=A175 2L T=
AITE] &R,

[L][U]=[4] 24
[, 00 0 Uy Up o Uy
Iy 1, 0 0 0 uy :
(L]=| :+ - -~ - : U=l o o - - : (2.5)
0 : : Uy N
Ly = o Ly wva Iyw 0 0 0 uyy
Fitonfzeiro e, R221ER2.6 LR27D2BBOATRITE S Z L0005,
(L][y]=(b] (2.6)
[U]xl=ly] ex)

ZAFHOGEIC, R26PR 27 TRINDE HRERNEZMS & FfETHY, XN261x828
R RTER AL TR, X 2.7 13X 29 ITRTEBRANMTHT S, —H, TAI[L1L[U1ZKD
TUF ZIEBRBAT AP EA L RN EY, R28 L R292WH L THBICITEAZMS 2L TE
5, I, 1THI[A)% AT RT2ENTH B,

7 (i=1)

Y= ) ;
T[bi_zli/J//

i Jj=1

b
!
2.8)
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2-1) i=1,2,3,..,j1220WC, X210V, w; Z23HET 5,
i—l
u;=a,; —z Lyuy, (2.10)
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2:2) i=j+1, 42, . NIZDWT, R2 1R, L ZEET 5,
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1
ZU:;T(aU—EZZMuH) 2.11)
J k=1

22T, R21N ALK uy DFBDID D5, uy DS 0 W EVMER & o 72855 121E 1 O AT I K X
BB, WEPENTD, ARABEICRIBVEELGR NI ADERTHDLL VD ZLIZbR
H, NAEHE ;% pivot () LIRS, L ZAT, R2.1~KR23 Z2HNIED»Nd L5, [7H[4]. N2
RV[B]. N7 MVXIDZFNZFNDGFEFAU LD ICANGE R - UTEHEE/KRIIES MmN, T2
T, FEMEOM EEZ BRI, pivot WREIBMEE REEIDIfTEANER L L WD TEREITD, Ih
% pivot FIR & IT.5,
pivot FRELRMETH B IFERVD, F—DFNIFEY % & EFRDOMED K/NERD B DA TIE
RtaThHd, R21IGRTE - RARAOHLE LD HFIZENE T REIVWEFEE2RLTH, &
SABROMITIEAE T, HEAEE LTIV O TERI LK TZMY) 52505 ThHd, TI T,
[TNZND—RARROBBIHFOFIZE T 5, YHUBRBOHENKZREX ] % pivot DK Z X DFF
MREE T, BRI i fTORK 4% araDHORKETRL, STOREIEE -1~1 O
FUZIEMME L 72 BT, RANBERZ KT 5, T % B2 pivot R & I8,

LU 2 fifd & ORE/BIRIRAGI R 2475 T 0V T L% 2.6 1TRT,

70754626 LUSRSSURIEZARRKAGHETOIS L

Popolo. Numerics.MatrixOperation.LinearAlgebra class

1/// <summary>Crout ;EZIC& Y LU AR (A=LU) %47 </summary>

2 /// <param name="matrix”>

3/// AA: LUSBEITD EAHTTI

4/// WA E=AraAmS-UT5. FT=AK2-L1751</paran>

5 /// <param name="perm”>pivot BIRIC & ZITBIRNY b JL</param>
6 /// <param name="wArray” >/EEHCREE (1TH) </param>

7 /// <remarks>Newmerical Recipies & V) ##B</remarks>

8 public static void LUDecompose(ref IMatrix matrix, ref int[] perm, ref IVector wArray)
9 {

10 /75078 - I ARG

1 int num = matrix.Rows;

12

13 for (int i =0; i < num; i++)

14 {

15 double big = 0.0;

16 for (int j =0; j < num; j++)

17 big = Math.Max(big, Math.Abs(matrix[i, j1));

18 if (big == 0.0) throw new Exception(”"Singular matrix error”);
19 wArray[i] = 1.0 / big;

20 '}

21

35
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22 for (int j =0; j < num; j++)
23 {

24 double sum = 0;
25 double big = 0.0d;
26 int imax = 0;

27

28 //Crout k% A
29 //iT] FTORYRLEE
30 for (int i =0; i < j; i++)

31 {

32 sum = -matrix[i, jl;

33 for (int k = 0; k < i; k++) sum += matrix[i, k] * matrix[k, jI;
34 matrix[i, j] = -sum;

35

36

37 //ITNFTO#HRYRLEE

38 for (int i = j; i < num; i+t)

39 {

40 sum = -matrix[i, jl;

41 for (int k = 0; k < j; k++) sum += matrix[i, k] * matrix[k, jI;
42 matrix[i, j] = -sum;

43

44 /2= v T EERBLTRAD pivot BIR%ZTS
45 double dum = wArray[i] * Math.Abs(sum);

46 if (big <= dum)

47 {

48 big = dum;

49 imax = i;

50

51 }

52

53 //IRBOUBEHE

54 if (j != imax)

55 {

56 //AT DI

57 for (int k = 0; k < num; k++)

58 {

59 double dum = matrix[imax, kJ;

60 matrix[imax, k] = matrix[j, kI;

61 matrix[j, k] = dum;

62 }

63 wArray[imax] = wArray[j1; //R4 =YV TRBOTH
64 }

65 //TDE#HAERR

66 perm[j] = imax;

67

68 if (matrix[j, j] == 0.0) matrix[j, j] = double.MinValue;

69

70 if (j = num)

Al {

72 double bf = 1d / matrix[j, j1;

73 for (int i = j+ 1; i < num; i++) matrix[i, j] *= bf;

74 }

7%}

76 }

77

78 /// <summary>LUTFUICE & D X RIHE - R AR % 4T S </summary>
79 /// <param name="luMatrix”">LU 3 f&F D1TFI</param>

80 /// <param name="perm”>BE a4 Kk JL</paramd

81 /// <param name="b">b XY KL : fH EEE I BH</param>

82 public static void FAndBSubstitute(IMatrix luMatrix, int[] perm, ref IVector b)
83 {

84 //fTRDITH - B A G

85 int num = luMatrix,Rows;

86

87 //RUKNILOHOLADEIESE & BB

88 int ii =0;

89

90 for (int i =0; i < num; i+4)

91 |

92 //BE]ANY MVICH#>TORI MLEAB A
93 int ip = perm[i];

94 double sum = b[ip];
95 bLip] = bLil;

96

97 //RIER A LR

98 if (ii 1=0)

99 for (int j = ii - 1; j < i; j+t) sum -= luMatrix[i, j] * b[j];
100 else

101 if (sum 1=0) ii =i+ 1;
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102 b[i] = sum;

103 '}

104 //1&:BRR A2

105 for (int i =num - 1; 0 <= i; i-—-)
106 |

107 double sum = b[i];

108 for (int j =i + 1; j < num; j++) sum -= luMatrix[i, jJ * b[jI];
109 b[i] = sum / luMatrix[i, i];

110 }

11}

112

113 /// <summary>mA D175 % 5HEF %</sunmary>

114 /// <param name="mA”>¥175% K& % {T5I</param>

115 /// <param name="mB”>H 11 : ¥4F5</param>

116 public static void GetInverse(ref IMatrix mA, ref IMatrix mB)

17 {

118 if (mA.Columns == 1)

119 {

120 mB[0, 0] = 1d / mA[0, 0];
121 return;

122}

123

124 int[] wAl = new int[mA.Rows];

125  IVector wA2 = new Vector(mA,Rows);

126  LUDecompose(ref mA, ref wAl, ref wA2);

127 for (int i = 0; i < mA.Rows; i++)

128 {

129 for (int j = 0; j < wA2,Length; j++) wA2[j] = 0;
130 wA2[i] = 1;

131 FAndBSubstitute(mA, wAl, ref wA2);

132 for (int j = 0; j < wA2,Length; j++) mB[j, i] = wA2[j];
133}

134 }

(IE 2.1]

TRLDZEEOHIMDBEIA 2RSS 7200, HEOBFURE2TFIREY L, 72, LUDMHEEF

AU TEBICRESGE RO L, 272U, SRIRE 1,13 35 °C. BNIREE 11326 °C. WK

[N = P38y

ENEKHEBEBYEER 0, 3T NTNIW/mMK) L 20 Wm>K) ) T3, 72, ZEMBOWVIE, FEk
[mm], EBVMEEZ L [W/mK]ITELO@EY &5 (hzE- IOV TIEEEY R, [(m*KYW]) .

1:3vZ7Y—Nh [ :180 mm A1t 1.6 W/(m-K)

2 : WA L : 25 mm 2 1 0.034 W/(m-K)
3 JEEPAT SR L - R, :0.07 (m>K)/W
4:HGEHR—F  L:12mm A4+ 0.22 W/(m'K)
(£2]

BEFHOMICEIEMEMY, WROBEEZ (62T, LZU. ol 3BEIMURMRE, 3= RIRmiEE

THd, FiHEATORNERETROMEY TH D,
Oo (to-t0) - M /I (fo— 1) =0 (AhZRm)
Ilh(to—1) -2l Lt —1)=0 (av27V—1 - B OB
Jnl L(ti—t)-(b—1)/ R,=0 (Wit - hZ2 g DBER)
(b—t)/ Ri-2al li(ts—1)=0 (hzE/E - BHR— ROBER)

Jalls(t—t) - o (ta-1)=0 (NZRMH)
LRl BET L L,
—(ﬁ+a )t Ry
Zl 0/%0 ll 1
A’l A’l A’Z A’Z
Tto (T"‘l_z)tl +l_2t2
Ay Ay 1 1
Zztl (l2 +Ra)t2 +Ra t
1 1 A A
Futz _(E"'l_:)% +l_:t4
A
24 (24,
I, t3 ( 1, +a,)t,

LR85, BUEERALUTTAIREL T2 L NiLD@l & 25,
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—-289 89 Lo| =700
89 103 14 t 0
1.4 —157 143 L=l 0

143 =326 183 |4 0
183 =273]|¢,| [ 234

LUNMEMEALCLEGTH 2B TS 0%22710RT, 220, BIAEBXIC1747HD
[LinearAlgebra] %, 712 F A 2.6 THlL 7~ LU SRS & ORI S & OB R AL AE S S static 7
SATH5,
707545627 LUSDRICEZEIL—RARADKEDH

1 private static void LUDecompositionTest()

2 {

3 double[, ] matrix = new double[5, 5]; //4751

4 double[] b = new double[5]; //fRRY ML

5 int[] perm = new int[5]; //BE}RY ML

6

7 //MEER A

8 matrix[0, 0] = -28.9; matrix[0, 1] = 8.9; b[0] = -700;

9 matrix[1, 0] = 8.9; matrix[1, 1] = -10.3; matrix[1, 2] = 1.4;
10 matrix[2, 1] = 1.4; matrix[2, 2] = -15.7; matrix[2, 3] = 14.3;
11 matrix[3, 2] = 14.3; matrix[3, 3] = -32.6; matrix[3, 4] = 18.3;
12 matrix[4, 3] = 18.3; matrix[4, 4] = -27.3; b[4] = -234;

13

14 //LU 3R % E4T

15 LinearAlgebra, LUDecomposition(matrix, perm);

16 //RIERA - HRE AN

17 LinearAlgebra. FAndBSubstitute(matrix, perm, b);

18

19 for (int i = 0; i < b.Length; i++)

20 Console.WriteLine(”t” + i.ToString() + ” = ” + b[i].ToString("F1”));
21}

TUT I L EFEITTBE 1,=34.6°C. 1,=33.7°C. 1,=27.9°C. :=27.3°C. 1=26.9°C. WE5N>D, AHlEIL
BHEFH R A HDTICB MR 2720, FEHEETV, BR2HET LR,
3) Thomas Algorithm {2 & % = B X 147 5187 — R 5 FE R DIk

BIE 2.1 DFNZRINZ@EY , MEZITHTRAT D EWNAEROMBEISNN 0L 222 Lid%
W, 20 & D 578 % ZEALFFEN IR GRER L FESR, X 2.12~2.151% Thomas algorithm & FEIE AL
BFETH Y, RO LU 2RI U CEMRLEEANE Y, EERERE 7075 A28 I10RT,

=0
c,= (2.12)
CII
——— (n=123..., N-1)
bn ancn—l
d
s (n=0)
" dn_an )’171 (2'13)
(n=12,3...,N—1,N)
bn_ancn—l
xy=dy (2.14)
xn:d;r_c;lxr1+] (215)

7045128 Thomas algorithm IC & 2 ZEXATIENL—RARADEE
Popolo. Numerics.MatrixOperation.LinearAlgebra class

1/// <summary>

2 /// Thomas algorithm T=ERAITIEIL—RARA %<

3 /// abc(0, i)*nx(i-1)+abc(1, i)*nx(i)+abc(2, i)xnx(i+1)=x(i)

4 /// </summary>

5 /// <param name="abc”>{%#1T5I</param>

6 /// <param name="x">fRT L& X TN %</param>

7 public static void SolveTridiagonalMatrix(IMatrix abc, ref IVector x)
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8 {

9 int num = abc.Columns - 1;

10 abc[2, 0] /= abc[1, 0];

11 x[0] /= abc[1, 0];

12

13 for (int i =1; i < num; i++)

14 {

15 abc[2, i] /= abc[1, i] - abc[0, i] * abc[2, i - 1];

16 x[i] = (x[i] - abc[0, i] * x[i - 11) / (abc[1, i] - abc[0, i] * abc[2, i - 1]);
17 '}

18

19 x[num] = (x[num] - abc[@, num] * x[num - 1]) / (abc[1, num] - abc[@, num] * abc[2, num - 1]);
20 for (int i =num-1; 0 <= i; i——) x[i] -= abc[2, i] * x[i + 1];

21}

TS A28 ZHVCTHIE 2.1 2<% T I L5291RT,

7045129 Thomas algorithm |Z & 2 =B AET—RARRDKEDH
1 private static void TDMATest()

2 {

3 double[,] abc = new double[3, 51; //{R¥~%o ML

4 double[] x = new double[5]; /IR ML

5

6 abc[0, 0] = 0; abc[1, 0] = -28.9; abc[2, 0] = 8.9;

7 abc[0, 1] = 8.9; abc[1, 1] = -10.3; abc[2, 1] = 1.4

8 abc[0, 2] = 1.4; abc[1, 2] = -15.7; abc[2, 2] = 14

9 abc[0, 3] = 14. 3 abc[1, 3] = -32.6; abc[2, 3] = 18 3

10 abc[0, 4] = 18.3; abc[1, 4]
1 x[0] = -700; x[1] = 0; x[2]

-27.3; abc[2, 4] = 0;
0; x[3] = 0; x[4] = -234;

13 LinearAlgebra. SolveTridiagonalMatrix(abc, ref x);

14 for (int i =0; i < x.Length; i++)

15 Console.WriteLine("t” + i.ToString() + 7 =" + x[i]. ToString("F1”));
16}

4) A P

AR RDBITHIOLE I, FEODEROAZFHRNRE T2 KEENEHTH DM, LR
BIEZDORETH Y., REONILEAEE (BCG: Biconjugate Gradient Method) & Z 1% FEXFR1T 51
IR IEAZFETH B,

YRR NV OHFEL T, TNEBELUEAPLEELZEFIT TN L WD 2 e KEED
BEAFHTH D, WEIIBEEZTD HRATHDIN, £ATY T TOMBIEEHEKIZ LRV ZHIZE, &
EHANEVIZER L TWS ZENEE L, 20 & D ARJH &I S5 L ITER,

AR B G LA IE & % i iIZ R D B 72 DIIE TROFIETEE 21T S, jIIXERIETH 5,

1) AR NIV 22 YA 0 % 3 ET B
2) BAERI N nEitHETS

rn=b-Ax

3) po=po=ro=n 95,

4) R216 TR o Z2FHETD, 72720, ORI MVOREEEDT,
_ (rpr})

(Ap;p))

5) X217 Tx r K2 EHT D,

Xjn=X;+%;Pp;

ri+1:r,‘_a/AP,' (2.17)
o x AT *

Fim=r;—a;4 p;

(2.16)

J

1 EHBEETH > TEBITINIEI R ANA T Yk, INVF 70V RNVE, Dx—7 - 78 Y MNEREWHZ 29, 72770,
FH MR S AR A A IR U TR D EHETH D,
12 HAAERGIREETH ) 2015 CGRRIICIE) AROFEBTIORT 2 Z e AMREINTE Y, 1952 FICHERI N 400
TRl BT D R L X260V, ZOERIZ DV TIESE ML 2.16 HSHEE L,
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6) A% P U TR 229 R 513K T 5,
7) X218 CTHARAE M p p % HHT D,
p =)
Pin=rtia=PB,p;
8) AT v 74) ILRD,

T T A 210 (ISR AFLEIC & 2 BiTHI DR %R T, SparseMatrix 7 7 AZFEHI LD, A
JNIEBNRT DIVIB L RAR T DIVOUIIIEX]TH B, 13~22 77 TN T 22T ML EEE
T35, 16 {TD Multiplicate I 710 7 F & 2.4 TR U ZBITFIHADTHINR Y NIVEDOFHRLE T H
%, 2458 T NREHENETH D, 283213 TATY T 4) DFEM o 2#HET D, 29 1T IXEEEITH
T BRI MFEOHAETHY, 62~T4TIZRT LBV TH D, 333847 TATY T 5) OHEEIT
WV, 40~48 T TR ZHIET B, WHRIZARZ MIV[BD VAT 2EAEDKE X CTHMT 2, IR
U T RWEEIZIE 49~57 17 TIRDEHEA T Y TORKE AR H 1 % 5HHT 5,

70754210 WEEAEEICS DETHIOME

Popolo. Numerics.MatrixOperation, SparseMatrix class

1/// <summary>L_L RATEI Ax=b DR x & 19 5</summary>
2 /// <param name="vecB">HL~N% kJL b</param>
3 /// <param name="vecX">H11: B k)L x<{/param>
4 public void SolveLinearEquation(IVector vecB, ref IVector vecX)

IVector app = new Vector(Rows);

IVector p = new Vector(Rows);
9 IVector pp = new Vector(Rows);
10 IVector r = new Vector(Rows);
11 IVector rr = new Vector(Rows);

5

6 IVector ap = new Vector(Rows);
7

8

13 //HBDEENRYT NV ERE

14 double bnrm = 0;

15 double rnrm = 0;

16 Multiplicate(vecX, ref r);

17 for (int i = 0; i < Rows; i++)

{
19 r[i] = rr[i] = p[i] = pp[i] = vecB[i] - r[il;
20 bnrm += vecB[i] * vecB[i];
21 rnrm += r[i] * rr[i];
22}

24 //INRETERAA
25 int maxIter = 10 * Rows;
26 for (int iter = 0; iter < maxIter; iter++)

28 Multiplicate(p, ref ap);
29 multiplicateT(pp, ref app);
30 double apnrm = 0;

31 for (int i = 0; i < Rows; i++) apnrm += ap[i] * pplil;
32 double ak = rnrm / apnrm;

33 for (int i = 0; i < Rows; i++)

34 {

35 vecX[i] += ak * p[i];

36 r[i] -= ak * ap[il;

37 rr[i] -= ak * app[i];

38 }

39

40 //IRRHIE

41 Multiplicate(vecX, ref ap);

42 double err = 0;

43 for (int i = 0; i < Rows; i++)

44 |

45 ap[i] = vecB[i] - ap[il;

46 err += ap[i] * ap[il;

47 }

48 if (err / bnrm < 1e-10) return;
49 double rnrmbf = rnrm;
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50 rnrm = 0;

51 for (int i =0; i < Rows; i++) rnrm += r[i] * rr[i];
52 double bk = rnrm / rnrmbf;

53 for (int i = 0; i < Rows; i++)

{
55 plil = r[i] + bk x p[i];
56 ppli] = rr[i] + bk * pp[il;
}

57

58 }

59  throw new Exception(”iteration error in SparseMatrix”);
60 }

61

62 /// <summary>¥5EITHIE AR ML EDTEEEE L THARY MLICHEINT H</sumnary>
63 /// <param name="vec1”> AFIR% Kk JL</param>

64 /// <param name="vec2”>H 71 : HH~RY bJL</param>

65 public void multiplicateT(IVector vecl, ref IVector vec2)

66 {

67 vec2.Initialize(0);

68 for (int i =0; i < Rows; i++)

69 |

70 Dictionary<int, double> row = elem[i];
7 foreach (int col in row, Keys)

72 vec2[col] += row[col] * vecl[i];
73}

74}

2.3 W ARRNOREE
231 Za—bv-357YVik

Z—a—bhV - I7Y VR EEABRERORE RN RMIETH D, YRR XS
SEDD, HIREE, BHBIRPZROOENTRNVENR LBV E2RH D, Rk E, BREAREE S
DORIED % < 3AF % EF < EATIUIMIT 2 LHHT 255, L IER ICROCEEIZH 2o
GG, BIRT 2 Brent IER EDMDFEZHAL TAHD LR,

KM22iF=a—hY - Z 7V VB kD RMOFHE % BRIICHEMT D 2ODHTH D, y=1(x)=
0%57/29 x 2 RDDLWOENGZO5NZET D, 7T 7 EITHiMNA f(x) & x TR H D 0
fETHY, ZORIZEVELS FEPBETHD, 9, HYLWPE 2 HTET D, 0IlB8I5H
BODMEB T OWMEZFHEL, X219 1> TxDEZEHRT D, KK 22128V THEEBO
PR RO CTxMIE AT DM ERDD Z LMY T D, T U HIHMEAD S i 12 h > TRIE A
DONTHDHEAEITIE H221RIND K DT, FHHOAE, x IFMIED <, Ao)b 912 010k
DWW L ZORBE2ITHY 5,

VoA y=f(x)

22 Za—bY- -ST7YVEILLBRE
flx,)
f(x,)
BIRR D MLIR T BN TIZIRD LD IZEIATE %, x,DEDLY TEK/(0)E 1IRETTA 7 BT
5rR220BEEND, TORN0LBDENMBETHD7/20, R220% 0 L FESTHATXIZDONT

Xy =Xy ™

(2.19)
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R X221 882, ULPLINETA 7—ERIZE2EMRNIBIFBITEET N0, X221 %
MOKRUEHE (X219 T50EXDH D,

Fx)=f(x,)+f (x,)(x=x,) (2.20)

EEOMETIZEBOMMENE SNBNGENE D, ZOBEITIEAIEZDTMIEIEIET
H %R, TDAEDZMAL TR 222 THMELZENRT 5, 4IFZATEOH/NELIETH S, ZD
& D BRI BUEMH D LW,

f’(xn)=w (2.22)
(5158 2.2]

HBRYTDPQEIME (16 T WX 223 THREIND L TD, £/, WEEHICE YRR m, [mYs]
CES P kP DGR 224 TREINDZ LT D, ZOW, EHEHNIZHENDKEE KD &,

P=—132E-6m’—4.90E-6m’,+2.08E-3m>—0.314 m,+333 (2.23)
P=4.66E-2m’+0.567 m,+49.4 (2.24)
(f#]

X223 % fim,). RN 224 % fi(m) & D L. fim) = film,) - fi(m,) =0 2R IFIER VW, &
B, film). fi(m). film)EZTNTNT T 7{TDEX23 LR85, 66mYs HI-VIZENRHY TS THS,
LEE@EL OO T OIS L% 211IIRT, film)DWAMMEIZERERDZ I L ETAETHIH. 22T
WEOLD, BUEMD 2 WD HiEe Uk, E7 T2 L G=66.6mYs BWELND, ¥ I AT, 33~4247TlE
DUBEDL S FETEEADHAE 2T o TWD, <D0V I LAZETIIEROREIFRDOHAE L TIEK
MHEINTVE S, BHIEEMAENT AP R USRI U THEEEMNB N 20, TiD &> BT
WBEBZEMNL, BHYIaAL—YarvONTICEVWTELERELZTOBHIIFERICELL, 2Dk
BEBHEEBNTEL 7075 ADOFMBIZERE A5,
500

400 e

300 —

Lt

.-
-
-
-
-

-----

0 10 20 30 40 50 60 70 80 90
W [ms]
23 Ry TPQIFE & BEEERN
70546211 Za—bY-STYVERILEDZRIEL

1 private static void NewtonRaphsonTest ()

2 {
3 const int MAX ITERATION = 100; //®RAKREEZE

4 const double DELTA = 0.0001;//# 5 EEHERHVIME
5 const double ERR TOLERANCE = 0.001; //BRAHFBB"E
6
7
8

//mw DFVEAEIZ 0 & F B
double mw = 0;

10 //BEEEHE
11 double fmwl = fmw(mw);

13 //RIEO#E % 8%
14 int iterNumber = 0;

_42-




16 //BRENTFARERBICAZEITRETE

17 while (ERR TOLERANCE < Math,Abs(fmw1) && iterNumber < MAX ITERATION)
18 {

19 //BIEBAMEDEE

20 //mw ERUNEBIS E CEREABRE

21 double fmw2 = fmw(mw + DELTA);

22 double fmwd = (fmw2 - fmw1) / DELTA;

24 //HEEFIE LT mw & B3
25 mw -= fmwl / fmwd;

27 //BEEBHE

28 fowl = fow(mw) ;

29 '}

30 Console.WriteLine("mw= " + mw.ToString(”F3”));
31}

33 private static double fmw(double mw)

3B J/RYTDPOEY
36 double pl = mw * (-0.314 + mw * (2,.08e-3 + mw * (-4.9e-6 - 1.32e-6 * mw))) + 333;

38 //EEEDIER
39 double p2 = mw * (0.567 + 4.66e-2 * mw) + 49.4;

41 return pl - p2;
42}

Za—hY - IIYVEERABRETNVORRETHEHIT 2 FIEDD, T0T T AL 212138 &S
WWINAHOBEH L L TELDTE LHTHD, 14T IFHEERBOAHIOEHTHY ., 1 DDE
BROFIHIIE LD, ERMOHENERTAY Y REEEHET D, 6~301TDAYY RTIFAIFHE LT
MERBEZITIRY, ZhiZ=a—bY - IV UEREHALUTRIET D, 32~5517DAY v RiZM
SMEZEFHE T 2ODBEBL 5 A ONBGETHY . BUEMABARERS. I 5DHBHEN,
TOV546212 —a—hY - S7YVEDORAAY Y ROES

Popolo. Numerics.Roots class

1/// <summary>38z=BA#</summary>

2 /// <param name="x"> A F{&</param>

3 /// <returns>ERZE</returns>

4 public delegate double ErrorFunction(double x);

5

6 /// <summary>= 21— k VL TRIET %</summary>

7 /// <param name="eFnc”>iRZ=RE#</param>

8 /// <param name="x">FJHB{E</param>

9 /// <param name="delta">E{EM D AT L % </param>

10 /// <param name="errorTolerance” >R ZE 2 A {E</parand

11 /// <param name="collectionTolerance”MEIE B BB/ param)

12 /// <param name="maxIteration”>EARTEEIH</param>

13 /// <returns>fi#</returns>

14 public static double Newton(ErrorFunction eFnc, double x, double delta,
15 double errorTolerance, double collectionTolerance, int maxIteration)
16 {

17 int iNum = 0;

18 double err1 = eFnc(x);

19  while (errorTolerance < Math.Abs(err1))

20 |

21 if (maxIteration < iNum) throw new Exception(”Newton’s method iteration error”);
22 double err2 = eFnc(x + delta);

23 double dX = (err1 % delta) / (err2 - errl);

24 x —= dX;

25 if (Math.Abs(dX) < collectionTolerance) break;
26 errl = efFnc(x);

27 iNumt+;

28 '}

29  return x;

30 }

31

32 /// <summary>=1— K VETRRT B</summary)>

33 /// <param name="eFnc” >3 A%</ /param>

34 /// <param name="eFncD” >3 Z=RAE DM </paramy

35 /// <param name="x">#]HA{&E</param>

36 /// <param name="errorTolerance”>E2ZE B BB/ param>

37 /// <param name="collectionTolerance” MEIE BFAME</param)
38 /// <param name="maxIteration” >R A R{EE</param>
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39 /// <returns>E</returns>

40 public static double Newton(ErrorFunction eFnc, ErrorFunction eFncD,

41 double x, double errorTolerance, double collectionTolerance, int maxIteration)
42 {

43 int iNum = 0;

44 double err = eFnc(x);

45 while (errorTolerance < Math,Abs(err))

46 |

47 if (maxIteration < iNum) throw new Exception(”Newton’s method iteration error”);
48 double dX = err / eFncD(x);

49 x —= dX;

50 if (Math.Abs(dX) < collectionTolerance) break;

51 err = eFnc(x);

52 iNum++;

53 '}

54 return x;

55 }

TOTZ52120&58AYY REMABLTETIE FIXIEHIE 22 00EIE 7075 A 213 Tid
BITDIENTED, ~ITIERAY Y REBENDE AV Y ROEHAFETHD, T07 T L2101
DED AR E 2 BH LB THHEL 2D, EFRLH2XIET0T I A0SR ET 5,
TAY546213 —a—bY - S57YVKICEDRIB?

1 private static void NewtonRaphsonTest2()

2

3 J/RERBEEZAYVY RTESR

4 Roots.ErrorFunction eFnc = delegate (double mw)

5 {

6 /R T D PQ K

7 double pl = mw * (-0.314 + mw * (2.08e-3 + mw * (-4,9e-6 - 1.32e-6 * mw))) + 333;
8 //BE DIEH

9 double p2 = mw % (0.567 + 4.66e-2 * mw) + 49.4;

10 return pl - p2;

1m )

12 //za—br35 7V VikEER

13 double waterFlowRate = Roots.Newton(eFnc, 0, 0.0001, 0.001, 0.001, 100);
14

15 Console.WriteLine("mw= " + waterFlowRate. ToString("F3”));

16 }

Za—hV - 7Y VEIZRLT. BUERHEZ GO BRICEBEMA 2 NS 2L E\n, ZoL E
I DREE DM 2 WMUNEIE A & T2 DIFEHEOZEII KRS BPEE 525,

TOT T AMEEEPEEL TERELIAREL220H Y, 1 DIFHEWKEE (WM F>orved
IESR) THD, HERIIERICEEDOSWEBEZEVES ZEETERNVEZD, 22008E2RLE
OEZBICHEDMENE LS ELRD L, NIWHOBIEEZ RETE R A D, BHEEIX 1.012NE
UZZRHZ Lo BIAN OB L U TR TESRADBUETH S, WIZE A, ZHRMOBMAZ 1.0 (20
BLUTEH, av¥a—4 ETRHMTERE I A,

I 1D, BlT5 I EMBELRE, BEMS 2BENICERSARESHD LV ZLTH
%, Bz, HAETITRY BLRUTOWVTHBZITV, WL O OYMEEFHRIZ S W TEUEMS %
W, WD ELOYNEIZERERE Y AT ADERIIERTH 2 720, MEOTETRT &5 ICEFEDHK
THBEER D EIZB OV THMYIRUHAWS, ) EBLKOYNEEZ & O CRMEM A BB EIZ R > 7255,
T OREEIFIE Y RO EOKE L TR HERH 2 RICHERNBETH D, Hl2IE BEMms
Z VT Y ZZAOMRERIREAY 0.01 °)C DREETHATE 2L 95, ZOHBEITIE MAKITILVET
JVTIRERIRE % 0.0001 °C Z 2L I B THEMEM D 2B LD L ULTE. T TEDRMKIEEDREN
0.01°C U\ 728D, TAMEIFZE LR,

HAMR S E LTI, 9 REUEMD 2 ORI AFHEEEET I LA -Thd, N
MEROMNSRWGEITIE, KPESR EDOFERNZRFHEICBE U TIEE 2 AIIC & <EEL., @R
Bt YTV ATF A, REVATALBRDIIONTHEZ FIT TV 20D ZERRBEIZRS,
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o BUEEIE

TOT T 5214 IR FE DEHELEE %2 R

TO0U5 46214 HEAEEDOHE
1 private static double GetMECHEPS()
2 {

3 double MECH EPS = 1.0;

4 while (true)

5 {

6 if (1.0 + MECH EPS <= 1,0) return MECH EPS * 2;
7 else MECH EPS = MECH EPS % 0.5;
8 }
9}

3

2 BEWAHKE
DY I 2L —YaVIIBWTPURFEN BRI L L5 RI2IE, BAFEET DHEEIDN->T D

Batsn, ZOLSBRGEEITE, T BIRE BAESLIE Brent AR XD HikE VT, fi#
% PR DRRICIUREN R 247 5 & HEFEMED

—437% (Bisection method) [FHAMTIEH 2 VWHEERBRTFIETH D, M24 I - REOWEE KT, iR
BRI L UTHHE ., 02 KETD, THATHD o ICBWTHEEEFHEL, NS THLH)
e ANE 25 (ZO5EE ) BB ZOBEEZBEVEL b, x50 xe.. B IROFIET 25
BEBRVRAATOHE, FIEDKEETRYVAANTEZETKRT T2,

THEICEBRIBT O T LE 21518, 3ATANGRHIEIETH O | HodERENEE 5 5IBOR
Wi, MEIERMEE 6 5IBCRIG & 8o 725 A I T 5,

2.

24 THEICEBKRIR

TO7S546215 ZHERICLBRIBEHE

Popolo. Numerics.Roots class

1/// <summary>Z 4k TRAREY 5</summary>

2 /// <param name="a">3KIR&ME 1</param>

3 /// <param name="b”>3KIB&E 2</param>

4 /// <param name="fa”>RiR&E 1 T DFHEHE/param>

5 /// <param name="fb">KREEEH 2 T DFEMfEL/param>

6 /// <param name="errTolerance”>iRE 2 A< /parand

7 /// <param name="collecTolerance”MEIE B AE /param>

8 /// <param name="eFnc”>ERZ=R93K</paramy

9 /// <param name="maxIter” >R AR1E %< /param>

10 /// <returns>f</returns>

11 public static double Bisection(double a, double b, double fa, double fb,
12 double errTolerance, double collecTolerance, ErrorFunction eFnc, int maxIter)
13 {

14 //BRHOBEWVIAH TWAWEEIETS—

15 if (0 < fa x fb) throw new Exception(”Bisection initial point error”);
16

17 int iterNum = 0;

18 while (true)

19 |

20 //HREREEE

21 double ¢ = 0.5 % (a + b);

1 B2 WIRAKTHNIE 0~50°C FREDFPFIZEZANFET D THA D L FHNDL, TD &S Bz EHTPRGHEZ L
THRPAOPLRVEEIZIE,. QD UAETIVOBREHIMED B S L HM U2 GREY,
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22 double fc = eFnc(c);
23 // N&z 08

24 if (Math.Sign(fc) == Math.Sign(fa))

25 {

26 fa = fc;

27 a=c;

28 }

29 else

30 {

31 fb = fc;

32 b =c;

33 }

34 if ((Math.Abs(fc) < errTolerance) || Math.Abs(a - b) < collecTolerance) return c;
35 i terNum++;

36 if (maxIter < iterNum) throw new Exception(”"Bisection Iteration Error”);
37 1}

38 }

39

40 /// <summary> =43k TRET B</summary>

41 /// <param name="eFnc”>32 2= RI#K</param>

42 /// <param name="a">KiR&EHE 1</param>

43 /// <param name="b">3KiB&EE 2</param>

44 /// <param name="errorTolerance”>I2E B A{E/param>

45 /// <param name="collectionTolerance” MEIE BFAME/param>

46 /// <param name="maxIteration”>RAR#EE¥</paramy

47 /// <Lreturns>fE</returns>

48 public static double Bisection

49  (ErrorFunction eFnc, double a, double b, double errorTolerance, double collectionTolerance, int maxIteration)
50 { return Bisection(a, b, eFnc(a), eFnc(b), errorTolerance, collectionTolerance, eFnc, maxIteration); }

TOT5 52161 Brent HIZ LB RIBT DTS ATH S, % VAT EFE T 2 AL 2
270, 1IKIBRTH 2 Z0EE ) EEETIORYT 5, /42, #ERBORRIZEY., KEEH
IORARHIPH 2 RO E S 2§82 X5 RGEICIEE. — 02 ET 35720, BEEE &N,
704554216 BrentikiCk B RIBEE

Popolo. Numerics.Roots class

1 /// <summary>Brent ;% CKiBF 5</summary>

2 /// <param name="a">3KIR&M 1</param>

3 /// <param name="b">KAR&EME 2</param>

4 /// <param name="errorTolerance”>EFAIRE=</param)

5 /// <param name="eFnc”>iRZRE#</param>

6 /// <returns>fiE</returns>

7 public static double Brent(double a, double b, double errorTolerance, ErrorFunction eFnc)

8 {

9 const int MAX ITER = 100;
10

11 double e = 0;

12 double d = 0;

13 double fa = eFnc(a);

14  double fb = eFnc(b);

15 double ¢ = a;

16 double fc = fa;

17

18 int iterNum = 0;

19  while (true)

20 {

21 //fb) & F()PRA—FB LR LBEIFIABEZ
22 if ((0<fb8&& 0< fc) || (fb < 0 8& fc < 0))
23 {
24 c
25 fc
26 e
27 }

28

29 if (Math.Abs(fc) < Math.Abs(fa))
30 {

31 a
32 b
33 c
34 fa
35 fb
36 fc
37 }

38

39 / /IR E

40 double tol = 2,0 * MECH EPS * Math.Abs(b) + errorTolerance;
41 double mid = 0.5 * (¢ - b);

42 if (Math.Abs(mid) < tol || fb == 0.0) return b;

nwonon
o o

a;

fb;
fc;
fa;
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43

44 if ((Math.Abs(e) < tol) || Math.Abs(fa) <= Math.Abs(fb))
45 {

46 //EEROBEDDNI WBEIEZHETRE
47 d = mid;

48 e =d;

49 }

50 else

51 {

52 //EZREEERT

53 double p, q, r;

54 double s = fb / fa;

55 if (a==c)

56 {

57 p=2.0%mid x s;

58 q=10-s;

59 }

60 else

61 {

62 q = fa / fc;

63 r = fb / fc;

64 p=s#*(20*mid*xqgx*(qg-r)-(b-a)x(r-1.0));
65 g=(a-10) % (r-1.0) * (s - 1.0);
66 }

67 if (0<p)a=-aq;

68 p = Math.Abs(p);

69 double min1 = 3.0 * mid * mid * g - Math.Abs(tol * q);
70 double min2 = Math.Abs(e * q);

71 if (2.0 x p < Math.Min(min1, min2))

72 {

73 e =d;

74 d=p/a;

75 }

76 else

77 {

78 d = mid;

79 e =4d;

80 }

81 }

82 a=b;

83 fa = fb;

84 if (tol < Math.Abs(d)) b += d;
85 else b += Math.Sign(mid) * tol;
86 fb = eFnc(b);

87

88 iterNum++;

89 if (MAX _ITER < iterNum) throw new Exception(”Brent Iteration Error”);
9 }

91}

233 3RAERADIR
2DIRARERIZE U TIROARNESHSENT VB A, 3WARRE 4 i ATERICE L TEREEIZ

it < HEMEET 5, NI ORIEIR 2R3 IRBEDOLZHATIELMLT 25601 E <. KIRODLZHA
WZDOWTREINEE R HEL TE LHEMRZ 820,

3SR (R2.25) OEEHINE— ) OFELIEIEND >, K226 I0RTEIIIERx% y T
Fzgr, X225 X227ICEMTED, 22U, pBLUqglidEh TN 22855,

a0x3+a1x2+azx+a3=0 (2.25)
=y 2.26
Y=V 3. (2.26)
Y +3py+q=0 (2.27)

4 a 24, aya, a

] 2 1 14, 43
p=—1 4D g=-— — +23 2.28
9a§ 3a, 27a(3) 3a§ a, ( )

3RARRROERIRIZ 1 23 2THY. K22 IRTHHARZHNTHEST D, D<0THN
3 DDEBIR, 0<DTHNIE1 DDERIRTH D, 3 DOERMWE2[HOHEIZIE. R227D325D
iR %R 2.30~232TKD, IN2R2261IRALTx2FHET D, 2Ly bLT0IRR233THD,
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D=g*+4p’ (2.29)
¥=2V=peos§ (2.30)
m=2¢:55w(2”+9) 2.31)
»=24"p. cos( Al ) (232)
y=V-p _ 0=tan"VDig (233)

1 DOFEHMR AR OLEICIER 234 Ty 2kdD, TNE X226 1ITRALTx %251HT 5,

1/3

9,=10.5(—g+VD)|"*+[0.5(~¢g—VD)| (2.34)

TaT T L2172 3IRFFERDORIBUEERT, 9~124T7Tp & g ZRDT 217 CHHR % HT
%, BkBIGEL UT, p=qg=0 THNIER 226Dy 120 2 RALTHAHEKZ D (14~181T) &
707546217 3IRARAOKBLE (ALY —/ DEE)

Popolo. Numerics. CubicEquation class

1/// <summary>3 RAFER DRHIR% K 5</summary>

2 /// <param name="a">{%#{: a[0]*x"3+a[1]*x 2+a[2]*x+a[3]</param>

3 /// <param name="x0">H/1: E#4E 1</param>

4 /// <param name="x1">H77: IR 2<{/param>

5 /// <param name="x2">H71: 4R 3</param>

6 /// <param name="hasMultiSolution”>H11: BN H B HEH</paramy

7 public static void Solve(double[] a, out double x0, out double x1, out double x2, out bool hasMultiSolution)
8 {

9 //p,a%EtE

10 double bf = a[1] / (3 * a[0]);

11 double p = - bf * bf + a[2] / (3 * a[0]);

12 double q = bf * (2 % bf * bf - a[2] / a[0]) + a[3] / a[0];
13

14 if (Math.Abs(p) < MECH EPS && Math,Abs(q) < MECH EPS)

15 {

16 hasMultiSolution = false;

17 X0 = x1 = x2 = -bf;

18 1}

19

20 //ROBOYE

21  double pg =q * g+ 4 % p % p * p;

22 //EER3ID

23 if (pg < 0)

24 {

25 hasMultiSolution = true;

26 double theta = Math.Atan2(Math. Sqrt(-pq) ,-q);
27 double sgp2 = 2 % Math.Sqrt(-p);

28 x0 = sgp2 * Math,Cos(theta / 3d) - bf;

29 x1 = sqp2 * Math,Cos((2 * Math,PI + theta) / 3d) - bf;
30 x2 = sqp2 * Math,Cos((4 * Math,PI + theta) / 3d) - bf;
31}

32 //EER1D

33 else

34 {

35 hasMultiSolution = false;
36 double sgpg = Math. Sart(pa);
37 double r1 = 0.5 * (-q + sqpq);
38 double r2 = 0.5 * (-q - sqpq);
39 x0 =Math. Sign(r1) * Math.Pow(Math.Abs(r1), 1d / 3) + Math.Sign(r2) * Math.Pow(Math.Abs(r2), 1d / 3) - bf;
40 x1 = x2 = 0;
41}
42}
234 BEHO=a1—bY - STYVE
RHBWNEBTH 2 IEMPET AR L TEZa— by - IV VEREATEI I ENTE
%, 1 ZBOGE LRAKIZ, IV EL AR L0)2 LIRETT A 7 —RBETLEX235H0
BoNnd, EMIEEHERTHI20 (0D xIENRI MV THZ I LIZERET D, /2. 0f/ ox
I, B IR ENTNOAZEERTMO LAZTHTHY Yar 7y (FxEva7E5) &

o o IEj BHEHOEBDEBEIERTH D, f(x)=0MRTHENHX235% 0 LFHEATEAYT S X236
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PEond, ZOMPESLRENE GIZOWTHE, BFONLBERTxDEH 2V IKRT Z & T
27285,

N a )

fix)~f(x)+ 2 a‘—f’éx, (2.35)
j=0 j

NoBf

ZO a}]:', ox,==f.(x) (2.36)

TOT I L218IZEEBD=a— Y - T 7Y VIEOFHBENEERT, 4fTIEEEKRTHY. A
AL EIIRZ MV TH D, 50~69 fTIEMBIABTH Y, BHEBRBEHNCTHEBAITY LT V%
FHET D, 64817 AA VOMETH S, KEFBDPRKREIEITET D, x DEAMREZIF 0D
MuHEASDOR I EET NEHBE 2K T XD 2D, INHDEEE2FIBIZT D, 25~47 170 1E
HEMHETH D, 2917 TYILT V23R, 3117TXN236 2/ <, 34~46 [T THURHIEZ 1T D,
TRU5L6218 HERO=—a—b+Y - STV VE

Popolo. Numerics.MultiRoots class

1/// <summary>582=BA%(</summary>
2 /// <param name="x"> AH% kJL</paramp
3 /// <param name="fx">H N4 kJL</param>
4 public delegate void ErrorFunction(IVector x, ref IVector fx);
5
6 /// <summary>=a1— K VK TRIR T 5</summary>
7 /// <param name="eFnc”>iRZRI¥</param>
8 /// <param name="x"> A1 : ¥IHA{E, i H1: INER{B</param>
9 /// <param name="errorTolerance”>iRZE B A E /paramnd
10 /// <param name="collectionTolerance”> A HZALZE D INFRE </ param>
11 /// <param name="maxIteration”>ER K& [LOIE</param>
12 /// <param name="iteration”>/R{EE1%</param>
13 /// <param name="error”>ERiRI8Z</param>
14 /// <returns>RIRMINDEAL/ returns>
15 public static bool Newton
16 (ErrorFunction eFnc, ref IVector x, double errorTolerance, double collectionTolerance,
17 int maxIteration, out int iteration, out double error)
18 {
19 iteration = 0;
20 int num = x.Length;
21 IVector fx = new Vector(num);
22 IMatrix jac = new Matrix(num, num);
23 eFnc(x, ref fx);
24 error = 0;
25 while (true)
{

26

27 if (maxIteration < iteration) return false;

28

29 computeJacobian(eFnc, ref x, fx, ref jac);

30 for (int i =0; i < num; i++) fx[i] = -fx[i];

31 LinearAlgebra. SolveLinearEquations(ref jac, ref fx);
32 for (int i =0; i < num; i++) x[i] += fx[i];

33

34 double maxCr = 0;
35 for (int i =0; i < num; i++)

36 {

37 double bf = fx[i];

38 if (1e-5 < Math.Abs(x[i]1)) bf /= x[i];
39 else bf /= le-5;

40 maxCr = Math.Max(maxCr, Math.Abs(bf));
1

}
42 eFnc(x, ref fx);
43 error = 0;
44 for (int i =0; i < num; i++) error += Math.Abs(fx[i]);

45 if (error < errorTolerance && maxCr < collectionTolerance) return true;
46 iterationtt;

47 '}

48 }

49

50 /// <summary>¥ 3 E 7 > %K B</summary>

51 /// <param name="eFnc” > BE4K</param>

52 /// <param name="x">AH~X% hJL</param>

53 /// <param name="fx"> AAARY NLIZHT B H B f(x)</param>
54 /// <param name="jac”>HF1:¥ 2 E T »</param>

55 private static void computeJacobian
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56 (ErrorFunction eFnc, ref IVector x, IVector fx, ref IMatrix jac)

58 IVector vec = new Vector(x.Length);
59 for (int j = 0; j < x.Length; j++)

61 double tmp = x[j1;

62 double dt = 1e-7 * Math.Abs(tmp);

63 if (dt < 1e-8) dt = 1e-8;

64 x[j] += dt;

65 eFnc(x, ref vec);

66 x[i] = tmp;

67 for (int i =0; i < x.Length; i++) jac[i, j] = (vec[i] - fx[i]) / dt;
68 '}

69 }

24 BEROWMMEDIER

Ry TOLEFREIEIZS N TAEKDORR 2 B/MEIE2BE%. BV A ZIVOFEIZE T
MEN 2 BMEIEBBAA Y, BEROB/MEZ BRL VAR H 5, T AT BB LD B
I IFENBFETH Y . AR 225 Bl LR & 82, KEiCIE— 2RO L
THENE LR, SEBEBOMEYL LTl a— N VBRI LT3,

241 —ZEHEHROHHEL
— BB OMIMEIZERIEE UTIE, EHEDENER Brent IE2203 L <HISNTWB, FEEE HFEN

DFFEEDIHTIR A 72 & 5 12 Brent IFIFHIHGEM 2 W AETH D, HBRikO#E= 2 — F VETHLO
Fika T 220, KETEESDEIEIOVTHRARD, H#EE5 EIEI0HE 1358 AR T
20H Ay RAHBY,

ERDEEE, HOHMEEREL 2 LT, TOHEANOM/MEICHEEL T FETH D, K25
IZE R BRI & B MUNMEDFIVIAADIEEZ RT, SO, AT AMISMOBKE. AR A1
MO D 2 0% HE L2, H DB ANITONT a, b, c D 3 S TEEDME fa), Ab), )P E-Z BI
TW32F3, a<b<cTAb) <fa)DDAb) <A)DBEITIE., BB A)IE a 25 ¢ D#FHAIHE/NME
RO, MUMEDHIFAZ ALY AL 720D, b5 c O (filia 75 b DR TIERVONIZ DNV TIEE
W) AZx BELY . BEEE Ax)E TS S, 2.5 EI0RT & DA <) THAUE, WMEIX a~x, D
HHAIZH D, M25HIZRTE DI fin) <Ab) THIUE, WUMEIL b~c DEIPFNIZH D, BiIHETHN

Wa, by, 2F 72538 U, BETHNEb, x,c 2FH/-RIMELT, TNTNKDIAAZHED D,
A y A y

L A

X
>
a b X c a b X c

W Z W Z
1 1

25 BEEDEEICL ZBIMEDEVIAH
& 2 AT flx) % EBRZFHGT 2 £ TIXBEBIZIRM®E 2.5 DEPENIAHTH 25, WThogGE

THOTHEDRVIAAREZHRTEOHWIEZ LV 20, ZDEODIZIEx OMEZITO@EY &3

1 BBOSEBOMMEBEZRIE, — 2O HEL FRRY DA BT UL AT I N, MEOMHEE PO 2E00WEHEIE
SEROTFEZREHTIBENH DA, FHE UTUIETIVEBIE L T ZREROBELMEICET T 2 HAE,
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o BUEEIE

%, a~c D (c-a) Z21eHVEHEDal bDIE (b-a) ZW. b xDIF (x-b) 22T 5, Wb
W=(b-a)/(c-a). Z=(x;-b)/(c-a) TIH D, —[EIDORBIAAFREDFER, K 2.5 £ DGETIX(W+2) 1 HilH 235k
ED. M25GDHEITIEA-MICHFANIEE S, ZNOPELLRD LS ITTE. BEIRROa
WL 6T —EDKRY ZARERIMTES, LR 237 VKT I2HENHD, INEMEL & b-a=cx
BB, TNEaclizBE T x & b EXAMOMEIZHET DI ENBBELENI ZLEFRLTVD
W+Z=1-W (2.37)
& A TROARIME 2 EHIZATD LW B OIE, THZTERIEOFRIZENT b, SE 0D
HETOx, EABOUBDE L IZHREINZE WD ZEWBETHD, 2FY, BLELOKM ac
22K ab DK (=w) 1%, HZBXKMETHD be lZ0T 2K bx, DILEK (=z/1-w)) LU
TRTNERS 2V, HIBR238ET D HERH D, N 237 L 238 %# VLI 5 &K 23927
S5, Iz L w=038197 £ %%, DFV. BAICEAS5NKXH%Z 0.38197:0.61803 (Z73H]¢
& DITEHIDKERENL, ZOHBFEEEY RS I ETR/MIZRDIAA TN,
W+Z=1-W (2.38)
W' =3W+1=0 (2.39)
BHENENRIZ X DBUMER R S0 75 5% 7005 A 21910RT, 447 HIZB/MET 2 EEOBEEK
BROEHTHD, 5IBMEUTIOERENY . 10FEHEEET IO/ LTEHRLTWY
%, N~T1 T MEBERMIEDOARRTH B, 17257 CTHEZFILET 2 3 O BIHUE % §74fi L TR
fb&FT7V, 28~70 T TREY R UFHE %2175,
707546219 BENEERICLZBMEFETOIS L

Popolo.Numerics.Minimization class

1/// <summary>&x/Mbd % BEE</summary>

2 /// <param name="x"> A\ 71{E</param>

3 /// <returns>tHJ1{E</returns>

4 public delegate double MinimizeFunction(double x);
5

6 /// <summary>E LD EE TIB/IME % IRFRY H</summary>
7 /// <param name="xMin”>x D/ ME/paramd

8 /// <param name="xMax”>x (D& A{E</param>

9 /// <param name="mFnc” >/t 9 % B /param>

10 /// <returns>iB/ME%E & % x</returns>

11 public static double GoldenSection(double xMin, double xMax, MinimizeFunction mFnc)
12 {

13 const int MAX_ITER = 100;

14 const double ERR TOL = 0.0001;

15 const double G RATIO = 0.61803399;

16

17 //320=R

18 double a = xMin;

19  double b = xMin + (xMax - xMin) * G RATIO;

20 double ¢ = xMax;

21

22 //3 T OREE & FEE

23 double fa = mFnc(a);

24 double fb = mFnc(b);

25 double fc = mFnc(c);

26

27 int iterNum = 0;

28 while (true)

29 {

30 //4 RE%EE - FH

31 if (b-a<c-b)

32 {

33 double x1 = a + (c - a) * G_RATIO;
34 double fx1 = mFnc(x1);

35 if (fx1 < fb)

1 ZOENESILEIEIEND LR TH Y, BEHESEICBOTIRIN - TN a2 YIAEADOBREDORK % HHT 5 7201
WL THATH D,
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36 {

37 a=b;

38 fa = fb;

39 b = x1;

40 fb = fx1;

41 }

42 else

43 {

44 c =x1;

45 fc = fx1;

46 }

47 }

48 else

49 {

50 double x1 = ¢ - (c - a) * G RATIO;
51 double fx1 = mFnc(x1);
52 if (fx1 < fb)

53 {

54 c=b;

55 fc = fb;

56 b = x1;

57 fb = fx1;

58 }

59 else

60 {

61 a = x1;

62 fa = fx1;

63 }

64 }

65

66 if (Math.Abs(c - a) < ERR TOL) return b;
67

68 iterNum++;

69 if (MAX_ITER < iterNum) throw new Exception("Minimization Iteration Error”);
70 }

71}

({5l 2.3]

WHIEHEEE N P, W HBHEE S P, A, WHIKIEE L, OB E LT TRHORT L >TREINLTH
5895, ZOR, BHELBHEEOGFHEEBNEN RN 55 B HIKERE 2 KD &,

P, =70x(-2.4048¢-5xt.5° + 3.2651e-3xt,* — 0.1768xt,> + 4.775%t. 7 — 64.39% 14+ 347.73)

Py = 15%(4.1126¢-4x1,7 + 5.1299¢-3x 1,4 + 0.41472)

(£2]

K262 ERICEH L DOTEHEL ZWHKIRE L HEENEOBGRE BT, EROEEIKRE Zm LI
EOoTIE T 7 VBN KREE/-56T, Wi, BEBEICL > TXEEEEORIZ LY. JEMEEIOET
2H7267, KMETIHZ mbwbv~hﬁ7@@M%%xa@b LEtOHEBENRORMEEND Z L %
FRLTWD, M26il&niF22°cEETENEERIIR/MELZEDI THDM

80
70

D
S

MHEESH kW]
— V=) (9%) B W
() (=) () o (=}
4
_l*‘j-i-
%

S

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
WHIKIRE [°C]
H26 AIMKEEEHEBEBESHEDER
ﬁ%ﬁ%%%mwf$ﬁﬁﬁﬁmw¢f%h$?é TOTT5 L% 22000RT, 3~9 FTIXMEIE & i

11 FBMEDERR L WS PR Z RAL I E 5 DI, AR TIRAMURED 13°CRRE LK<, WmBlEhRE 2R VRO HHE £ 1
2o 2 DGA. ﬁ@%@ﬁﬁ%iﬂtliﬁfﬂ%i‘)% BRI VD, R ETHHBARZRDD 2 tﬂfﬁwﬁfﬂﬂ(m
EEERUALGH, 2 UTRHBEBNENNS KB5S, BIb, WFISRHE L mAEOGEHIIZBIED & 5 12 fUME %
=9, A EWD) OlhiRE 85,
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DENHEEROAEME RO IEHTH D, ZDOEEEE T 1017 H T 20~ 32°C DHEIPH TH/ME % R L
TWb, 70757 0%2FFT5 LML T21.9°C W ELNS,
J7O07546220 EIEEEOHMERRIOTS A

1 private static void GoldenSectionTest()

Minimization.MinimizeFunction mFnc = delegate(double wTemp)
{
double pct = 3.4773e2 + wTemp * (-6.4390e1 + wTemp * (4.775 + wTemp *
(-1.768e-1 + wTemp * (3.2651e-3 + wTemp * (-2.4048e-5)))));
double ptb = 4,1472e-1 + wTemp * (5.1299-3 + wTemp * (4.1126e-4));
return pct * 15 + pth * 70;

Coo~NoOahWN
-~

10 Console.WriteLine(Minimization.GoldenSection(20, 32, mFnc).ToString("F1”));
11}

242 ZEREBOREL
LB OMUMEEREE LTk, #oa— b Uik BBV Ty 2 A %A ELEE,

Powell D /5529, Levenberg-Marquardt 7> 035 %, SEAE, BESFIZEVTE S K DIGHFEL
IO TOWLERINT IV T ) AL 28 S EBBIBOM/MEERFIED 1 DOThHD, AETIFME= 21—
N BRI DWTRET 5 20,

1) ¥e=—a— Vi

R DL AR BB DG E I, MEFITHIZ LD ET D Z EPRIEI N2 FREEE L&
WV, BT ARSI S HEOBUNMENRIEL TS 728, KEFHETHE S N5 i I3 mow fif
T3 < FB/MEIZRRIA A ZZERGEAR T H 2 WTREMEATE V. 1 ZBBOGE THIIE, 241 FIITR U
OO & FVIAD WD EEN L ND W ZIRGLERTIE Z O AEIFENE N EEY > 7
Ly o ZTEIE ST RIS R EZ/E) U TR EZ VAL HEETH Y . HEL U TIREML TS
DRO— MR I NRD) o /o T, £91X TETEHENGRE SEHOEILBBOREL
WOMBIZRHLIAZERNE VWD ZENE—IIROOLND TRTH B,
23IMTMBU =2 — Ry - TV VHEERBRKIC, oo — b VESEYRHIER Y ML x (O
HIOKRFEBUITTARTARZ PV THD Z LITHER) DHRKML, N2 BH LT Z e TRIZKZE
DELSFIETHD, kBHOFBEATY TIZBWT, NI M OEHET2HBOT 1 7 —EIH%E175
ER240 BEOND, 272U Fa)ldAy ¥ 7y (72~ 1745]) LIEiENS 475 THY, A
241 TEHIND,

S0~ (0)+ V() (=) 5 (=) F () (x-x) (240
”nﬁ%%%g (2.41)

K240 DA ZE B/MET 2 720101FR 242 TR Mbx 2 EHTNIERY, ZOHEF=a -~V
HEEMEEND,

X=X, == [F(x,)T'V f(x,) (2.42)

U UR241ITRIND KO ITHBMEMAIC L DAY ¥ 7 U ORHED N 2.42 2 fH T 5 2O D175
DEFIFAMAKREV, TIT, FHAMEES T AOIIAY VT Y OMITH] H=F' %2 BEHEIEUT
S1TFIDRFNEAERT DFENREINTE Y, TNSHEHE=a0— N IR IESR, ERIAEIZVWLS D
£ 233 % A BFGS ¥% (Broyden, Fletcher, Goldfarb and Shanno) &5 & &K < HWHN D HIED 1 DTh
%, BFGSIEDAY V7 v DiitiH H DFEHAIEA 2.43~247THRI N 22,
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H TH T
FS H = B = by o |y P (2.43)
9 H 1q. Pr 4k
Di=Xpe1— Xy (2.44)
qkzvjf(ka)T_Vf(xk)T (2.45)
z[ p H.q
v=lgrH q) | - (2.46)
Pidy 4:H,q,
P4
v Di
= Pl 2.47
Vi qZHqu ( )

Ny YT Y OFTH HBRLNNUER 242 ZBHLU TR MUx 2 BHTED, 2L, X240
2HEDT— T — BRI ZEMIBE RN 2D, K248 ITRT LD ICHEFIRNZER L., ERERET
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¢(a)=f(x+a(x,,,x,) (2.48)
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a*:o's(azc_afz)‘p(aA)"'(ai_azc)(b(a3)+(as A) (ac)

(2.49)

(ac—ag)pla)+Ha,—ac)p(ay)+az—a,)plac)

(2.50)
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Popolo. Numerics.MultiMinimization class

1/// <summary>S/Mbd 2 BEEK</summary>

2 /// <param name="vecX"> AH~X% kJL</param)
3 /// <param name="iter” >R E1¥</paramy

4 /// <returns>FTf{E</returns>




5 public delegate double MinimizeFunction(IVector vecX, int iter);

7/// <summary>¥{BH 2D % ETE T 5</summary>

8 /// <param name="fx">EtH % 1T > ;R T DRAETMIE/param>

9 /// <param name="vecX"> AJIME~NR % b JL</param>

10 /// <param name="dif">H 71 : 4~ b JL</param>

11 /// <param name="mFnc” >sEHRIER</param>

12 /// <param name="iter”>R{E[E4</paramy

13 private static void getDiff(double fx, ref IVector vecX, ref IVector dif, MinimizeFunction mFnc, int iter)

14 {

15 int num = vecX.Length;

16 for (int i =0; i < num; i++)
17 {

18 double tmp = vecX[i];

19 double dx = Math.Abs(tmp) * le-7;

20 if (dx < 1e-8) dx = 1e-8;

21 vecX[i] += dx;

22 dif[i]l = (mFnc(vecX, iter) - fx) / dx;
23 vecX[i] = tmp;

24}

25}
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Popolo.Numerics. MultiMinimization class

1/// <summary>iB/MEIRZE A MBI ER</ summary>

2 /// <param name="alpha”>EZRI@</param>

3 /// <param name="vecX”"> AJIRY hJL</param>

4 /// <param name="dir”">H@E~N%Y NJL</paramd

5 /// <param name="mFnc”>iT{HRA%</param>

6 /// <param name="iter”>R{EE%</param>

7 /// <returns>iB/MEL/returns)

8 private static double optFnc(double alpha, IVector vecX, IVector dir, MinimizeFunction mFnc, int iter)
9 {

10 IVector vecX2 = new Vector(vecX.Length);

11 for (int i = 0; i < vecX.Length; i++) vecX2[i] = vecX[i] + dir[i] * alpha;
12 return mFnc(vecX2, iter);

13}

14

15 /// <summary> EARIRZE % 1T 5 </summary>

16 /// <param name="vecX"> AJI{E~N 4 b JIL</param>

17 /// <param name="di