KOMNbIOTEPHbIN MHCTPYMEHT paboTbl ¢ datoMaaMn: NOCTPOEHNE AMarpaMMm

C caiita, MOKa3aHHOTO Ha pUC. 1, MOXHO CKa4aTh CBOOOIHO pacrpocTpaHseMylo GpHU3nKo-
mMareMarudeckyro nporpammy SMath Studio (nanee SMath), KoTopast O3BOJISET JIETKO U OBICTPO
CTPOUTL AarpaMmbl TCPMOANHAMHUYCCKUX UKIIOB. IToxaxxeM 3TO Ha KOHKPCTHBIX HpI/IMean!

< O M () https://www.smath.com/ru-RU/view/SMathStudio/ckauath

Ckauatb SMath Studio Bepcus 1.1.8763

CrabunbHas (ony6ankosaHo 29.12.2023)
AeTop: 000 "3cMat”

| . . .
= Windows installer of SMath Studio Pasmep: 3.32 MB
Installation package for computers running Windows OS. 85611 113 1446587 3arpy3ok
% Mono package of SMath Studio Pasmep: 2.14 MB
Application package to use with Mono runtime. 4275 13 290633 3arpy3ok

H SMath Studio for Linux (Ubuntu Desktop) Pasmep: 12.6 MB
appimnage]
Application package to run on Ubuntu Desktop 22.04 LTS, Fedora 36. 5546 113 15351 3arpy3ok
H SMath Studio for Linux (Astra Linux) Pasmep: 10.14 MB
appimage]
Application package to run on Astra Linux "Opén" 1.7. 3200 v3 7474 3arpysok
Android
SMath Studio for Android (32-bit ARM) Pa3mep: 14.35 MBb
Android app package for 32-bit ARM CPUSs. 7236 13 15019 3arpysok
SMath Studio for Android (64-bit ARM) Pasmep: 13 MB
Android app package for 64-hit ARM CPUs. 8954 13 19191 3arpysok

Puc. 1. CalT, c KOTOpOro ckaymsaeTcs nporpamma SMath Studio

JlononHuTenbHO HEOOX0AUMO K cpeae SMath moarpy3uTs nonoiaHeHue (TUIarHH — CM. PHC. 2)
CoolProp Wrapper (Wwww.coolprop.com), GYHKIIHH KOTOPOTO BO3BPAIIAIOT TETLIOPUINIECKUE
CBOMCTBa HCKOTOPBIX (pJIIOI/IILOB, B YaCTHOCTHU BOJLI U BOASIHOT'O I1apa, O KOTOPBIX PCYb HOfII[QT HHNXKE.



Cepeuc | fluctel  MNomolub

‘ [+ JdononHeHws...

MeHe,.:pKep 3aroToBoK...

Mpeanpocmotp B SMath Viewer

“% Onuumw..
MeHeaxep paclimpeHui X
% SMath Studio Q [
7 JononHexus @]xpawmme
£¢’ CnpaBoYHVKY
D Mpumepsl = CoolProp Wrapper ~
by Mike Kaganski -
d—“—' VIHTEPaKTUBHBIE KHUM ? A SMath Studio native wrapper of the CoolProp v
[ ’,4. JlononHeHns -~ library (www.coolprop.org)

BcraBka - OyHKUMS X
[ononHenua (53): Wms cpyHkumn (11):
CoolProp Wrapper ~ |CoolProp_get_fluid_param_str .
CoolProp_get_global_param_s
Kateropus: CoolProp_get_param_index
CoolProp_get_parameter_infor
MaTpuukl 1 BEKTOPbI CoolProp_HAProps
KomnnekcHele Yvena CoolProp_Phase
TpuroHoMeTpUEcKIe
Mnepbonuyeckne CoolProp_Props1 v
MporpammuposaHue E . .
BICTPLIN NOWCK:
Crpoku
Daninbl | ‘
Mpumep:

CoolProp Props [argl, arg2, arg3, arg4d, argb,

OnucaHwue:
CoolProp_Props("1:cTpoka”, "2:cTpoka”, "3:4yucno”, "4:cTpoks

"5:qmeno”, "6:cTtpoka") - (Output, Name1, Prop1, Name2, Prop
FluidName) Return a value that depends on the thermodynam
state Output: The output parameter, one of "T", "D", "H", etc...
Name1: The first state variable name, one of "T", "D", "H", etc.
Prop1: The first state variable value Name2: The second state

variable name, one of "T", "D", "H", etc... Prop2: The second

ctataarariahlavmaliia EhiiARAarmaA Tha fliid nama

BcraBute OTtmeHa

Puc. 2. Moarpy3ka gononHenma CoolProp Wrapper
OTH CBOICTBa ompeenstoTcs GopMyasusiMu MexTyHapoaHON acCOLUAIlMU TI0 CBOMCTBaM BOJBI U
BOJISTHOTO T1apa, JIBa caiiTa KOTOPBIX MMOKa3aHbl HA puc. 3 u 4.
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IAPWS R7-97(2012)
Revised Release on the IAPWS Industrial Formulation 1997 for the Thermodynamic Properties of Water and Steam
August 2007

Working Groups
PDF of document

Description

This formulation is recommended for industrial use (primarily the steam power industry) for the calculation of thermodynamic properties of ordinary water in its fluid phases,
including vapor-liquid equilibrium.

The formulation is a close approximation to the JAPWS-95 formulation for general and scientific use, but is designed for much greater computational speed. The range of
validity is divided into several regions (with close tolerances for consistency at region boundaries), each of which is represented by a different fundamental equation. Appropriate
combinations of derivatives from this equation can produce any thermodynamic property desired (density or specific volume, sound speed, heat capacity. enthalpy, entropy, etc
The formulation is valid from 273.15 K to 1073.15 K at pressures to 100 MPa, and there is a high-temperature region extending to 2273.15 K at pressures to 50 MPa. There is
also a separate equation for metastable steam at pressures up to 10 MPa.

The release also contains "backward" equations to allow calculations with certain common sets of independent variables to be made without iteration; these equations may also
be used to provide good initial guesses for iterative solutions.

fi it has been supplemented by several additional "backward" equations that are available for use if desired; these are for p(k.s)_in Regions | and
)in Region 3 with auxiliary equations for independent variables 4 and s, and y(p,1)_in Region 3.

The development of the formulation is described in detail in a scientific article.

Online Calculation
The Russian National Committee of IAPWS (through Moscow Power Engineering Institute) has provided facilities for online calculation, which may be useful in program
development and verification. Note that IAPWS is not responsible for the content of these online calculation pages.

Region | formulation (backward equations 7(p.h). Z(p.s), and p(h.5))

.
. n 2 formulation (backward equations
» Region 3 formulation (backward equations I
« Region 4 (saturation curve) equation
.
.
.

on 5 formulation
Region 2 metastable vapor formulation

Region 2/3 boundary equation

Puc. 3. Cant http://www.iapws.org/relguide/IF97-Rev.html (bopmynauma 1997 rona)
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IAPWS R6-95(2018)
Revised Release on the IAPWS Formulation 1995 for the Thermodynamic Properties of Ordinary Water Substance for General and Scientific
Use
September 2018

PDF of document

Deseription

This formulation is recommended for the calculation of thermodynamic properties of ordinary water in its fluid phases, including vapor-liquid equilibrium.

The formulation (commonly referred to as IAPWS-95) is for the Helmholtz energy as a function of temperature and density: appropriate combinations of derivatives can produce
any thermodynamic property desired (pressure, sound speed. heat capacity, enthalpy, entropy, etc.).

The formulation is valid in the entire stable fluid region from the melting curve to 1273 K at pressures to 1000 MPa. It extrapolates in a physically reasonable way outside this
region,

The development of the formulation and comparisons to available data are described in detail in a scientific article.

Online Calculation
The Russian National Committee of IAPWS (through Moscow Power Engineering Institute) has provided an online calculation page, which may be useful in program
Contact us development and verification. Note that IAPWS is not responsible for the content of these online calculation pages.

Puc. 4. Cant http://www.iapws.org/relguide/IAPWS-95.html (bopmynauma 1995 roaa)
[Tpumeps! Bb13oBa GpyHkumii nakera CoolProp Wrapper nokaszansl Ha puc. 5: 3a4at0TCsl 3HAYCHUS
JABJICHUS U TEMIIEpaTypbl CBEXKETO Mapa, MoJaBaeMoro B IapoBYI0 TypOHHY, a TAK)Ke JaBICHUE B
KOHJIEHCATOPE MapoBOil TypOUHBI, IO KOTOPHIM OMPEIENISIOTCS 3HAYCHHsI YIEIbHONH MacCOBOM
SHTANBNUU (h — TEeTI0COAePKaHUS ), YIETHbHOW MAaCCOBOM SHTPONHH (S) U CTETIEHH CyXOCTH
BOJISTHOTO Tapa (X), BBIXOJAIIETO U3 mapoBoil TypOuHsl. [Iporecc pacimpenus napa B TypOuHe
UJCabHBIN — 3HaU€HUE PHTPOIHHU Tapa B Hel HE MEHSETCA — Sc = So. Ha pucyHKe 6 Mmoka3aHbl
MpUMEpPHI BbI30Ba (PYHKLINN, BO3BpAILAIOIIUX TEIUIO(HU3HMUECKIE CBONCTBA BOABI M BOASHOIO Mapa o
bopmysiiiu 1997 roga MexayHapoIHON acCoIaIliy 10 CBOMCTBAM BOJBI U BOASTHOTO mapa. To,
4yT0 310 popmymsitius umeHHo 1997, a He 1995 roga cBUAETENHCTBYET 3aMKChH
wm:="IF97::H20". Jlnsa pabotsl ¢ popmysmueit 1995 koma HeoOxXoarMa YKOpOUCHHAS TaKast
3anuUch wm:="H20".



[Ipumeuanne. TpaguIMOHHO B TEXHUYECKON TEPMOJUHAMUKE 10/ IEPEMEHHYIO, XPAHALLYIO
TeMIeparypy B rpagycax Llenbcus, oTBOAAT MaleHbKYIO (IPONUCHYI0) OYKBY t, a 110/ IEPEMEHHYIO,
XpaHsAIIyIo TeMIeparypy B rpaaycax KenpBuHa (B KellbBHHAX), 00JIbIIYIO (3ar1aBHy0) OykBy T. B
pacueTe, MOKa3aHHOM Ha pHC. 5, IepeMeHHas OJ{Ha U 3To 3ariiaBHas Oyksa T moTtomy, 4To B
JIEMCTBUTEIILHOCTH OHA XPAHUT TEMIIEpaTypy B K€JIbBUHAX BCIIEJCTBHE aBTOMATUYECKOI0 IIEpexoaa
K OCHOBHEIM ennnuniam CH.

€) sMath Solver - [h-s-diagram-Steam.sm*]

®aiin [lpaBka Bua BcraBka BblumcnenHwe Cepeuc Jfluctel [Nomolub

Juﬂ;" Rl TimesNew v 10 - B I U A JD fx("J_ Q 4

T,:=550 °C p,:=12.8 MPa p_:=5 kPa wm :="IF97: :H20"
kJ ApHjMeTHKA =

h_:=CoolProp Props("u", "r", T,, "P", , W | =3473 —
o P_ P [ o Po ] kg co 1 i + £ &
s, :=CoolProp Props|("s","T", T,, "P", P,, Wn|=6.618 ﬂ 7 8 9 + (m |«
0 - 0 0 kg K

g 4 5 6 - iV
kJ 1 2 3 , =
h_:= CoolProp_Props["H", "s", s_:=5,, "P", D_, wm]=2017 e 0 o

x_=CoolProp_Props ["Q", "s", s =35,, "P", D, wm]:77_57 %

Puc. 5. Mpumepsbl BbI3oBa QyHKUMIA NakeTa CoolProp Wrapper

Ha pucysnke 6 nokazano nponopkenue SMath pacuera, Hauamo KoToporo oroOpaxeHo Ha puc. 5. O
CBSI3aH C OJTOTOBKOW K IMOCTPOEHUIO JUarpamm Inpoiiecca aguadarHoro (00paTuMoro) pacimpeHus
BOJsTHOTO napa ot AasieHus 12.8 MIla (temnepatypa 550°C) no nasnenus Sklla — cM. mepByto
CTPOKY pacuera Ha puc. 5. Oneparopamu, MOKa3aHHBIMU Ha pUC. 6, ONPEAETSAIOTCS apaMeTphbI
KPUTHYECKOH (Ccr) M TpOHHOH (£ r) TOueK BOJBI M BOISHOIO Napa. B narom onepatope Ha puc. 6
burypupyer nepemMeHHasi Q — CTEeHb CyXOCTH BoJsHOro napa (Quality — kauecTBO BOJITHOTO Mapa).
Jl1s Bna)XHOTO Mapa B 0T€YECTBEHHOM JINTEPATYPE 3/1€Ch UCIIONIb3YyeTCsl OyKBa X — CTENEHb CYXOCTH
napa u y — BIQKHOCTB napa (x+y=1). B marom onepatope Ha puc. 6 3HaueHrEe O MOXKET OBIThH B
npezenax oT HyJs 10 €MHULBL, YTO HE MEHsET pe3ynbTar pacuera. [Ipu pacuere TMHUM HACBIIIEHUS
3Ha4YEHUE NepeMEeHHON O paBHO €MHMIIE (CyXOH HACBIIEHHBIN Map) WK HyJIO0 (Boja Ha TMHUU
HACBIILEHUS.

JluHuK TuarpaMMBbl paciiipeHus BOASHOTO Napa B TypOUHE — 3TO MO CBOEH CYTH TOYKH,
COeIMHEHHBIE OTPE3KaMHU MpPsAMBIX JIMHUHN. Ecau Touek MHoro (y Hac ux 1001) 1 oHU pacroyioKeHbl
OIM3KO APYT OT Apyra, TO OHU CIMBAIOTCS B CIUIOIIHYIO JIMHUIO.

Omneparopsl, TOKa3aHHBIC Ha pUC. 6 HE TPEOYIOT 0COOBIX KOMMEHTapUeB. PaBHOMEpHO 110
apuMEeTHIECKON MPOTPECCUH 3AMOHIIOTCS TPU BEKTOpPa ¢ UMEHAMH Tsat, Sp U Sh, IO KOTOPBIM
pPacCYMTHIBAIOTCSA 3HAYCHUS B BEKTOPAX Ssats (YI€IbHAs SHTPOIHUS CyXOro HACHIIIEHHOTO Mapa),
Ssatw (yA€IbHAS SHTPOMHS BOABI HA IMHUM HACHIIEHU), Tp (TEeMIepaTypa napa npu mocTOSHHOM
JABJICHUU po U MEHSIOIIEMCS 3HAYCHUU YIACIbHON SHTPOIUH), Sx (YACTbHAS SHTPOTIHS BIAXKHOTO



rapa Ipy MOCTOSHHOM CTENEHU CYXOCTH Iapa Xc U MEHSIOIIEMCS 3HAYCHNUN TEMIIEPATyPhl
HACBIIIEHUS Tsat) U Th (TEMIepaTypa napa npu MmoCTOSHHOM 3HAYEHUU YACIbHOU SHTAJIBIUU ho U
MEHSIOLEMCS 3HAUEHUH YJIEIbHON SHTPONUM  Sh). OniepaTop BEKTOpU3aLMK (BEPXHSS CTPEIOUKA,
HaIpaBJeHHAas BIPaBO) 3acTaBiisieT nakeT SMath BBIMONHATH Hy)KHbIE IEHCTBUS Ha/ KaXKIbIM
3JIEMEHTOM COOTBETCTBYIOILIETO BEKTOPA.

IIpumevanne. Bektop Tsat 3al0IHAETCS 3HAUEHUSIMU TEMIIEPATYphl B IIpe/ieaax OT 3HAYEHUSI B
TPOWHOH TOouke (tr) 10 3HAYEHUS] B KPUTUUECKOU TOUKE (Cr), YMEHBIIEHHOIO Ha OIHY
JECSATUTBICAYHYIO KeJIbBUHA. DTO CHENIaHO JAJIs TOTo, 4YTOOb! HE ObIJI0 OIMOKH BBIUYUCIIECHHS B
HOCIIeIYIOIEM OllepaTope pacueTa yAeJabHOU SHTPOIIUHU CyXOro HaChIIEHHOIO napa.

Tcr :=CoolProp Props|("Tcrit™, "", 0, "", 1, wm):373.95 °c

Ttr ::CoolPropiProps("Ttriple", "0, """, 1, wm):0.0l °c

P, ::CoolProp_Props("Pcrit", "t 0, """, 1, Wm)=22.064 MPa
a—C 1P P m m L1} L1} T Ll Ll — kJ

s_, =CoolProp rops[ s, ", I_,"P", P.., Wm]—4.4255m

T_:=CoolProp_Props ["T", "P", p., "Q", 1, wm]=32.88 °c
Saturated line

T, —0.0001K—T,

r

TSat:: Ttr' Ttr+ 1000 "[Tcr_O'OOO:L K]
Marpunet ]
— w w " " m m [== |.| .T Alll Mlll
sSatS.7CoolProp_Props[ s", ", T...,"Q", 1, wm]\?‘[ N B
.0 .1 x T
OyHKUMSA BEKTOPKU3ELMN
sSatw::CoolPropiProps{ s, "T", T.,., "Q", 0, wm]
|sobar

S =
P

4 KJ ’ 4.01£ .. 6.7£
kg K kg K kg K

Tp :=CoolProp Props ["T", ", S "P", Py, wm]

X - const
s_:=CoolProp Props ["S" P O, X, T, To, s wm]
h - const
kJ kJ kJ
s,=||6 —==|,|6.01 ==|..|8 ==
kg K kg K kg K
T, := CoolProp_Props ["T" , "8", s, , "H", h,, wm T, :=wspTHS [ho , Sh]

Puc. 6. 3anonHeHMe BEKTOPOB, GOPMUPYIOLLMX AMarpaMMy PacllMpeHns BOAAHOIO napa B
TypbUHe



Hwmes o pyKoH 3all0JHEHHBIE BEKTOPBI, HECJIOKHO IIOCTPOUTD HY)KHBIE Juarpammsl. i1 3Toro B
pacder BBOAUTCA NEpeMeHHast P1ot, B KOTOPYIO 3aHOCSTCS OIlepaTopbl MOCTPOEHUS TpaduKoOB,
o0beMHEHHBIE (PUTYPHBIMU CKOOKaMHU — CM. pUC. 7. DTH omepaTropbl 00beAMHEHBI B MATPHILy C
OTHOHM CTPOKOMW M JIByMS CTOJIOIIaMU — B TOPU30HTAIBHBII BEKTOP, MEPBBII 3JIEMEHT KOTOPOTO — 3TO
JEHCTBYIOLTUI oreparop, a BTopoil — 3170 KomMmeHTapuil. yHkus augment, BctpoeHHas B SMath,
00beMHAET /1Ba BEKTOPA B OIHY MaTpUILy ¢ IByMs cToiaduamu. [lepBslii cronber — 3To 3HaYeHus
abcuucc Ha rpaduke, a Bropoil — opauHar. [lo ymondanuio rpagMku cTposiTCsl B COOTBETCTBUE
6a30BbIM eanHuLaM n3Mepenuss CU — Jxoynu, a He Kuinomxoynu, rpagycel Llenscus, a He
KeJIbBUHBL. YTOOBI Ha OCSX Tpaduka ObLIM HYKHbIE €JUHMIIBI, ApPTYMEHThI PYHKIMHM augment
MOABEPratoTCsl HEOOIBIIUM HU3MEHEHHIM — ienenue Ha 1000 (ko) u mepexosa OT TeMIepaTypHOi
mkasnsl KenpBuHa k mkane Llenscust.

JIuHus 00paTUMOro paclIupeHus napa B TypOMHe CTPOUTCS YepPEe3 BBOJ MATPUIIBI C IByMsI CTPOKaMHU
U JIByMs CTOJIOIIaMU, 3JIEMEHTHI KOTOPOil (PUKCHUPYIOT KOOPMHATHI HaYajia U KOHIA OTpe3Ka MPSIMOii.

Hexoropsie Tocku rpaduka OTMEUEHBI THO0 KPYKOUYKOM (KpUTHUUECKas TOUKa), THO0
COOTBETCTBYIOILEH MOAMUCHI0. DTO KOHEI] IMHUU OJMHAKOBOM CyXOCTH Mapa, KOHell u300ap 1 KOHell
u30sHTaNbIbL. OyHKIUA num2 str, BcTpoeHHas B SMath, nmo3BosseT mpeobpazoBaTh YUCIO (num)
K (2 — to, two) cTpoke (str) 1 0TOOpa3uTh 3Ty HHPOPMAIIHIO HA TpaHKe C HY>KHBIM YHCIIOM 3HAKOB
(BTOpOi#i aprymenT "n4" ¢pynkmmuu num2 str). Jlanaas nadopManus pa3menaeTcs Ha rpaduke
mpaBee U HUkKe OTMEeYeHHOH Touku. Ecnu nndopmarus npeacrasiser co0oil JaTUHCKYIO OyKBY O
WJIM CUMBOJIHI X, +, . (TOUKa), TO 3TH CUMBOIIBI OTOOPAXKAIOTCS HA MECT€ OTMEUEHHOMN TOUKH.
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Puc. 7. DopmmnpoBaHue aprymeHTa rpapmka

Ha pucynke 8 mokazana nquarpamma, popMupoBaHHe KOTOPO 3a()UKCHPOBAHO ONepaTopamH,
0TOOpaXEeHHBIMU Ha pHC. 5 U 6.
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Puc. 8. T-s anarpamma obpaTMmoro pacwmnpeHma napa B TypbuHe

Ha pucynke 8 mokazano quanorosble okHa (opMupoBanus rpaduka, yepe3 KOTopble Ha KOHIax
oTpe3Ka MpsMoi, H300paxkaroleil oopaTumMoe paciIMpeHue Tapa B TypOUHe, IPOCTABJIECHBI J1Ba
KpY’KOUKa.



Pepaktop konnekuun Series ?
UneHbl: CeoiicTea Trace:
0| Trace 4+ =24 | |
1|Trace EE'"E‘H_—-I -
¥ Bounui o
3[Trace I5_Y2Data False
2% Formatting X-Y Plot | [4]Trace > LineStyle  (...)
5| Trace Name
=i | | 6| Trace bl SymbolStyle [#8)]
E"'LH_—-I 7| Trace AntiAlias True
8| Trace BorderCol [l Black
Grid 9|Trace BorderThic 1
Labels FillColor [ | White
Size 5
Legend Oo6aButb Ypanute Type Dot
Name
Points
Properties source
Style \ O )
Title (..))
< List... >
X-Axis (..))
Y2-Axis (..))
Y-Axis (..))
Traces
OK

Puc. 9. PopmaTnpoBaHmne OTpPe3Ka NPAMON C ABYMA KPYHKOYKAMM @ KOHLAX

Juarpamma, moka3zaHHasi Ha puc. 8, ©MeeT JBe ocu opAuHar. JIeBas och 0OTOOpa)kaeT TeMieparypy
no mkaie llenbcus, a mpasas — no mikane KenpBuHa (abcomroTHas Temiieparypa). [lonyuuts Takyio
JIuarpaMMmy MOXKHO, BKJIFOUHB B pa0oTy (true) BTopyto ock Y (cM. puc. 10) u COOTBETCTBYIOIIUM

00pa3oM oTGopMaTUpOBaB ce.

Peaaktop Kosnekuum Series ? X
YneHsbl: CaowicTea Trace:
Brace | o= | |2
1|Trace = L‘H_—-I -
2| Trace ~ BHelwHWHA BUA
3| Trace IsY2Data True
4| Trace hl LineStyle (--)
5| Trace AntiAlias True
6| Trace LineColor [l Red
7| Trace Method Lines
'&|Trace Pattern  Solid
E Trace Thickness 2
Visible True

Puc. 10. PaboTa co BTOpOM OCbto opaMHaT

[Ipu 0cob6oM kenmaHNH MOKHO MOJTYYHUTh M BTOPYIO OCh a0CLIUCC — CM. pUCYHOK 11, oTOOpakaromuii
3aBHCUMOCTb N300apHOM yAETbHON TEIIIOEMKOCTH BOJIBI OT TEMIIEPATyphl IPU aTMOC(HEpHOM
JTaBJICHUH.
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Puc. 11. 3aBucumocTtb n300apHOIl y/IeIbHON TEMIIOEMKOCTH BOJIbI OT TEMIEPATYPHI IIPU
arMochepHOM JIaBJIECHUU

I'paduk Ha pucynke 11 — 370 Komnmax u3 1ByX rpadukoB — rpaduka co mkanor Llenbcus mo ocu
abcuucce u rpaduka co mkanoro Papenreiira mo ocu abeuuce. Ho ecnu k makery SMath moarpy3uts
npuioxkeHne Maxima, To MOKHO UMETh peallbHyI0, a He IPUPUCOBAHHYIO BTOPYIO OCh abciuce. ITo
OBLI0 OIMCAaHO Ha caiiTe moJjib3oBareneii SMath mo

aapecyhttps://en.smath.com/forum/yaf postst25243 2-d-X-axes.aspx.

Ha pucynke 12 nokaszana h-s auarpamma (quarpamma Mosbe) HeOOpaTUMOro paclIMpeHus napa B TypOHHe.
st aToro B pacyer Obliia BBEJEHA IOMOIHUTEIbHAS BEJIMUUHA I)o; — BHYTPEHHUH (1) OTHOCUTENBHBIN (0)
KIIA (n) TypOunskl. [TokazaHa Takxe npsmast JHHUS, 0TOOpaxkaromiast mpolecc 00paTuMoro paciuIvupeHus
napa. Takoii rpaduK MOCTPOUTH HECIIOKHO, MOJTB3YSICh MHPOPMAIeH, TPUBEICHHOHN BHIIIIE.
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Puc. 12. h-s agnarpamma HeobpaTMMOro paclmpeHuna napa B TypbuHe

Ha pucynke 13 moka3anbl orepaTopsl, (OpMHUPYIOIIHE BEKTOPHI JIJIs1 TOCTPOCHHS h-S TrarpamMmsl.
Ucnonp3yercs ve npunoxenue CoolProp Wrapper, a WaterSteamPro.



T, =550 °C P, = 12.8 MPa p_,=5 kPa N,;*
h, :=wspHPT T, )= kJ :=wspSPT T, \=
o = WSD [pg, O]—3473k—g 5,=Wsp [pg, O]—6.618
kJ
h_ := wspHEXPANSIONPTPEFF [pg, Ty, P, noi]:2338 e
g

X, 1= WSPXEXPANSTONPTPEFF Py, Ty, oy 1,5 )= 90.79 %

T_,=373.95°C T, :=0.01°C  p_ :=22.064 MPa

kJ
h, = wspHPT (D, , T, | =2132 *o
kJ
s, ::wspspT[pcr, Tcr]= 4.4803 oK
Saturated line
T T
L cr tr
Tsar = | Terr Ter + 505 .{Tcrf0.00EJl K]
—_—
SSatS = WSpSSST [ TSat ] hSatS = WSpHSST [ TSat ]
—_— —_——
Scqpy = WSPSSWT { Teov ] hg_ . = WSpPHSWT [ Tenr ]
Isobar
s =5 XL |,|5.00 2L |..|7 EL
P kg K kg K kg K

h = wspHPS [pa ;S ]

s =l XL, 5.0 EL . [e £L
pe kg K kg K kg K

b, :=wspHPS [pc , spc]

T :=wspTSP [pc]:32.88 °c

Isotherm

pp=[(1 kPa), 10 kPa - - (50 MPa)]

h,:= wspHPT[pp, To] Spt= wspSPT[pp, TG]

X - const

h_:= wspHSTX[TSat , xc] s, = wspSSTX[TSat , xc]
Turbine Py~ P.

Prurp = |Por Py — 1000 - P

h, ., = wspHEXPANSIONPTPEFF [po v Tyr Pryppr 0o;

S pypp = WSDSEXPANSTONPTPEFF Py, Ty s Prypy s Ao

kJ
kg K



Puc. 13. Onepatopbl, popMUpYIOLLIME BEKTOPbI C MapaMeTpaMmm HeobpaTMMOro paclnpeHns
napa B TypbuHe



