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Ob6paboTKa ToueK rpaduKa
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Co34aHue OHNaWH pacyeTa no rpaduky

= http://twimas.mpei.ac.ru/mas/Worksheets/Therm/F_V_pic_7_12.mcd & http://twtmas.mpei.ac.ru/mas/Worksheets/Therm/F_V_pic_7_12_1.mcd
Temnepatypa Bogkl t = ®oC Temnepatypa Bogkl t - Ok
Temperature of water 20.7 O °F Temperature of water O °F
Conecogepxanue Co= - ConecoaepraHue C o= |
Salt concentration 17 “fas Recalculation Salt concentration 2fa Recalculation
15407 - 1540 Jnec
E 25°C
_IGEF 20 fas 20°C
15201 2
= 16201
; 15°C
ool 5 L 0%+ | ¥
14500+
3] 10°c
1430+ 14807 %
1460 - 1480 .
v = 1500855 — e
5
14407 krn 14407
v = 5403.078 —— v = 1500855 =
hr s
i +
14204 w= 3357 317 — 1420 kim i
hr v = 5403078 — v = 3357 317 —
hr hr
1400 ! : ! - ! ; ; ! MO 0 15 20 28 30 38 40




Ba3bl 4aHHbIX MO CBOMCTBAM BELLECTB
Y10 umeem! Tabanupil.




Co3aaHune dyHKUMKM No Tabaunue

p, bar\t,°C 50 0 50 100 150 200 300
1 1,963 12/ 1,078 0932 0,823 0,736 0,607
50 83,79 652 53,96 46,25 40,57 36,18 29,08
100 175,6 131,4 1071 I 81,13 79,66 70,92 58,37
200 303 237 2054 1743 1522 1356 1118
300 4493 60,8 268.6 246,7 2164 1934 160,3
= L .
e R:==excel .9 T :=excel s, P:=excel - bar
= “B2LHE" 3 “B1:H1* “AZ:AB"
m
p(p,t) =l if p<min(P)vp>max(P)Vvt<min(T)vt>max(T)
[ || return “p and / or t out of range”
|| for i e ORIGIN .. cols(R)—1+ORIGIN
|l : 1 () g
[ i1 Bv «—interp \cspline\P,.R") ,P,R",p
H interp (cspline(T', Rv),T,Rv,t)
kg kg

p(250 bar, 175 “C)=174.7T =% p(2.2 ksi, 175 °F)=144.23 =
m m



Co3gaHue rpadurKa Nno PyHKUUN

(Tabnunua c owmbKowm)




[Tpobnema HeCTaHAAPTHbLIX TAabAUL, U
HOMOrpamm

Ia0THOCTL ra10BOT0 KOMAEHCATA ACTPAXAHCKOro MecTopoadenns TaGnuua I1.2.8

rT7TrTTTTT T TTTTITTIOTIT
TK ILnotHocts p, kr.’ui. TpH nasieHuy p, MITa A=— 0123456789011 1213151516171819 «—4A
! 01 -] 1,0 3.0 50 10 20 a0 60 B— 20 25 10 35 19 «—B
250 | 833,27 | 833,75 | 834,81 | 835,85 | 838,42 | 843,36 | 852,53 | 860,92 C— 40 45 50 55 59 +—0C
260 | 826,07 | 826,57 | 827,69 | 828,79 | 831,49 | 836,66 | 846,23 | 854,95 D— &0 65 70 75 79 «—D
270 | 818,86 | 819,39 | 820,56 | 821,72 | 824,56 | 829,98 | 839,97 | 849,02 E— 20 85 el 95 99 +—E
280 | 811,63 | 812,19 | 813,43 | 814,65 | 817,62 | 823,31 | 833,73 | 843,14 A - OBSE RV ED J

290 | 804,38 | 804,98 | 806,28 | 807,56 | 810,69 | 816,65 | 827,53 | 837,31
300 | 797,11 | 797,73 | 799,11 | 800,46 | 803,75 | 810,00 | 821,36 | 831,51
310 | 789,81 | 790,47 | 791,92 | 793,34 | 796,81 | 803,36 | 815,22 | 825,76
320 | 782,47 | 783,17 | 784,70 | 786,20 | 789,85 | 796,73 | 809,11 | 820,05
330 | 775,10 | 775,84 | 777,45 | 779,04 | 782,88 | 790,10 | 803,02 | R14,39
340 | 767,69 | 768,47 | 770,17 | 771,85 | 775,90 | 783,48 | 796,97 | R08,76
350 | 760,23 | 761,05 | 762,86 | 764,63 | 768,90 | 776,86 | 790,94 | 803,17
360 | 752,71 | 753,59 | 755,50 | 757,37 | 761,88 | 770,24 | 784,94 | 797,62
370 | 745,14 | 746,07 | 748,10 | 750,08 | 754,84 | 763,63 | 778,97 | 792,12
380 | 737,51 | 738,50 | 740,65 | 742,75 | 747,78 | 757,02 | 773,02 | 786,65

390 730,87 | 733,15 | 735,38 | 740,69 | 750,40 | 767,11 | 781,23

400 — 723,16 | 725,59 | 727,95 | 733,57 | 743,79 | 761,22 | 775,84

410 — 715,39 | 717,97 | 720,48 | 726,42 | 737,18 | 755,36 | 770,50

420 —_ 707,53 | 710,28 | 712,95 | 719,24 | 730,56 | 749,53 | 765,19

430 — 699,58 | 702,52 | 705,35 | 712,03 | 723,94 | 743,72 | 759,93

440 -— 691,54 | 694,68 | 697,69 | 704,77 | 717,32 | 737,95 | 754,71

450 | — | 68338 | 686,74 | 689,96 | 697.48 | 710,70 | 732,20 | 749,53

460 — 675,11 | 678,71 | 682,15 | 690,14 | 704,07 | 726,49 | 74438

470 | — | 666,71 | 670,57 | 674,25 | 682.75 | 697.44 | 720,80 | 739,28

480 — 658,16 | 662,32 | 666,26 | 675,31 | 690,80 | 715,15 | 734,22

490 — 649,44 | 653,93 | 658,16 | 667,81 | 684,15 | 709,52 | 729,19

500 | — | 640,55 | 645,40 | 649,95 | 660.25 | 677.49 | 703,91 | 72421

510 | — | — | 63670 | 641,61 | 652,62 | 670,82 | 698,34 | 71925

520 — —_ 627,83 | 633,13 | 644,91 | 664,14 | 692,79 | 714,34

530 - — 618,74 | 624,48 | 637,12 | 657,45 | 687,27 | 709,46

s40 | — — | 609,43 | 615,66 | 629,23 | 650,74 | 681,78 | 704,61

550 | — — | 599,85 | 606,64 | 621,25 | 644,00 | 676,30 | 699,80 (OBS - E){P}z,f EXP—
560 | — | — | 589,96 | 597.40 | 613,15 | 637,24 | 670,85 | 695,01 j

570 | — | — | 57973 | 587,89 | 604,92 | 63045 | 66541 | 690,25 AR A N L . 0 TR 00 A R o
580 | — — | 569,09 | 578,10 | 596,56 | 623,63 | 659,99 | 685,52 0 A | [ i e il i S|
590 | — | — | 557,97 | 567,98 | 588,04 | 61677 | 654,58 | 680381

1OBS-EXP) / FEXP

600 — — 546,30 | 557,47 | 579,34 | 609,86 | 649,19 | 676,11




ba3bl AaHHbIX MO CBOUCTBAaM BELLECTB
YTo umeem! ®opmynbl.




PaboTa c pn3nMyeckMmm Benn4mHamm

dopmynbl B cnpaBoYHUKAX, y4ebHMKax MOHOrpadpumax:
1. dusmyeckne: pV=RT E=mc? E =mvi2urtg.
2. Imnupuyeckue: Poct(cm) = 100+Bec(kr) A =0.025-0.1t

3. Ncespoamnupunyeckmne??? dmnsnyeckme no cyTu, HO
IMNMprYeckmne no popme



[NlceBaoamnupuyeckas popmyna:

A Xxouy paccyMTaTe MONANBHOCTE (M) aeyxmonAapHoro (M) pacteopa
MaCl c nnoTHocTe 1,076 r/mn

I
M=272 = 10765 MMyg) = 58.44 25
L em mol
A Haxo#Y HVHHYIO GoDMYNY B CNDABOYHKMKE MK B MHTEpHETE:
1000-M I
- - 1859 =
1000-p = M-MMpa0y kg
Ho oTeeT HeeepHbik! Mouemy? 31O Nceegoamnuprueckan dopmynal «Knaccnyeckaa»
M dopmyna
1000-
maole b 123
L | | =T
" MM 'm:E § E'UEEZ_D !
M MaCl g g
1000-—— - —
gm mole gm b= 1
kcal
cmE' L maole 7000 -
kg
®r3nueckan popmynal
1 I
Y ﬂm ) E'DHET_M cal 220 l{‘u?u’ hr
P Y INaC 3 7000 = |




[Mncbmo ¢ npocbbomn paszobpaTtbea ¢ popmynon ana
NAOTHOCTU BOASAHOIO Napa

e @ i http://twt.mpei.ac.ru/mail2/webmail.aspx L~¢| f‘\? {E’}

ochkov@twt.mpei.ac.ru Hacrporfks  Boixon

“4 MNeyate . | Coxpanume J5 Yaanuis

O7:  "Debabrata Ghosh™ =Debabrata.ghosh@vedanta.co.in= £2 MNokazaTs Bce zaronoeky
Komy: "Oukoe Banepwid ®egopoemd” <OchkovwWwF@mpel.ru>
Nata: 7, Mai 30, 2014, 08:48 PM
Tema:  sir help me build formula

Dear sir,

I am working in power industry in india.we have used density correction formula where calculation of density is

D=19*P /1.48+T*0.01)-{P*0.0452) where Pis Pressure in Mpa and T in degree .i don't understand how this formula
is built.can you help me in this matter? ~19%A2/(1,48+(0,01%B2)-(A2%0,0452))

A B | C | B
1 P (MPa) T(C) D (kg/m’
2 13.73 537 | 41,8772 _|
my steam turbine inlet condition 13.73Mpa and 537 degree.my only requirement is what formula is being used in
steam table to calculate the density or mentioned density formulation




dopmynon AnAa N1OTHOCTM BOAAHOTO Napa — aHaNMU3
B cpeae Mathcad

E| Coinka:http: /ftwt.mpei.ru/tthbH20. xmcdz

! p
Dl::pzT:]' = p{—m

T« I - 27315
K

10p
| 148001 T-00452p

pt = 12MPa,12.01MPa .. 16MPa

50
45
40
35

30

J wspDPT(p.T) = 40436 —

| k3 T=1537°C
me P =13.73MPa
k
D(p.T) = 41_5??—93
Im

kg
m

Tt=500°C,501°C_600°C

50
45
40 \
35

t, °C

; .
%DD 520 540 560 580 600




AHMMALUMA KaK PacYETHbIN AOKYMEHT
s

FRAME = 301.5°C

Play Animation
To =Ty
T, =27315K T =647 15K T=T4+
tr cr 1 718

ng

————— = 574 6531586
T/T - nqp

" =1K B=T/T +

I’_'LEH2 + N4 BEEI + N2 E-E+ |13|3HE+ n4aP3e + ng P+ ng HE +n7l+ng=10

A = 1.7209095 6" = 10°Pa o, = B'p* = 6770656 MPa
. Regicn 2
20
o !
D_ 1
= Region 1
E ______________________________________________________________________
10 Region 2
| TIK
300 400 500 500
> E J




AHMMAUMA — NPOBepPKa KayectBa GyHKLUUN NO
CBOMCTBAM XJlafareHTa

[ Play Animation - =

F‘=‘1;E3MPE s = 1.6346 kJ/(kg K)

T=36211K

450K,

single Phase

— Saturated Vapor

Double Phase
1.5

Pe=4.63MPa t.=35935K

O 362 1K
e |

5. = 1.551kJi(kg K) : 350 K

Single Phase

250K,

0 2 4 B 8 p/ MPa




Kuneaa popmyna B }KyYpHaNbHOMU CTaTbe

(= | & http://twt.mpei.ac.ru/ochkov/VPU_Book_New/mas/index.html

P~ sk

PTC" Mathcad
Prime- 3.0

Pacuernslii ceprep HHY MOH

Ananuzupyiire

» Tadaana XXX. Temnonposoasocts BogHoTo pacteopa NaCl: online pacuer

online

PacUeET IJBCKDHTH'&I-\J Beex hopMya

CKAYHBAHHE GafiIa WIH cCBUTKA HA HETO

(=2 )| & http://twt. mpei.ac.ru/MCS/Worksheets/rbtpp/tcon.sol.sod.hlifxmed

TennonpoBOOHOCTE BEOAHBLIX PACTEOPOE XNopMaa HaTpUA
Anekcangpoea A A, [xypaeeon EB., YTenkoea B.O.

« | ennonpoBOAHOCTE BOAHEIX PACTBOPOE XNopuaa HaTpuAs /f

Tennoaznepretura. Ne3, 2013

"o mole/kg

HuanazoH Temnepatypel (T): 20 - 325°C
Hwanazon gaenenwa (p). 0.1 - 100 MIMa
HuanazoHd monansHocT NaCl (m): 0 - 5 mone/kr

B = T =

FCv] [ Recalculate

1. Belumcnenne TennonpoBogHOCTH YUCTOW BOAE:
p-pglT) _3 T
o _ = . = = 0725
m=———=93998  Pgl(l) =233 10 "MPa 7= s
1MPa
i 0 1 2 3

0 -4 5B7B108ES 22934586 1E1
1 2337855024 -7 352747 45E1
-4.58001147E4 B .90240005E1

=2.92405725E-1
888200021 B-1
-9.43190845E-1

3.41568532E-3
-1.43166064E-2
2.20440504E-2

2

3 5.053857075E4 476392904 -1 26299580E-1 -1.47930612E-2
4 —3.22639150E4 -3 B1090224E1  509700056E-1 3.EobB4054E-3
5 111852597 7E4  1.32852435E1  -2.17377861E-1 a

] -1.63340180E3 0 0 a

2. Bulumcnenune TENNONPOEOOHOCTH pacTeopDa

XNopHaa HaTpKUA

s ‘IP-;EI]F'a 100 re JOATEK Y 3
e =0 "=t
1 0 275797253E2 4 29466881E-1
1 1 -B.29572358E2 —1.02794618
1 2 441203047E2 562716071E-1
1 3 -B.97933724E1 0
2 0 -117263804E2 1 33395850E-1
2 1 235925409E2 -1 03644857E-1
2 2 -1.12199752E2 0

h=| 2 3 0 0
3 0 2965186189E1 -1.41956214E-2
3 1 -BO7I08921E1 107408199E-2

lh.:
k=11

X = 514.2-mBTi(m K]
OTHocHTENLEHAA NorpeWwHoCTR.

=0j=0

el 2 % 2 (b i) |

mBT
M-

fn=25%



HKunBasa ¢opmyna B KHUre (cnpaBoYHUKE)

& http://twt.mpei.ac.ru/ochkov/VPU_Book_Mew,/mas/index.html PG| 1 2.0 2

- " Mathcad o English
Pacuernstii cepeep HIY MM 5i M50 Cranpapr mikerepeix pacueros . & _* | Komaxm ==

Honck mo caiiTy: ] ENGLISH VERSION

I £ _‘n.m.a.,,m, Web-BepcHus cnpaBoUHHKA Pex1ava B KHHTe:
A W TenutodmsmueckHe cBOCTBA SIEMENS
T ' N patounx BemecTs Pexcravmii watepma
TeII03HePreTHKH :
HleTepAKTRERLIC CHPARO K Anexcarapor A A., Opios |
PRICMAT 2T A T3T67 K.A., Oukor B.®. Pexcxanmonii sarepmas

Maremarageckse dbyvarmaa
TﬁH.—IU.?HEI"ETEﬂ H TENLNIOTEXHHEA
Tt':H.'ID H2HYECEHE CEQOHCTEA EOD, H
N —— Crpykrypa dpopmynanan [APWS-IF97: rpaduk obmactei ¢ BOSMOKHOCTBE) CMEHEI
Tennoduzr49eckre ceoficTEa pabomm oceH H YBENTHYEHHA

BEMECTE TEIMNMOAIHEDTETHEH H{HBHE d]UDM"'Jm[[HB H3 KHHI'H:

CeoficTea u nponeccs paboTax e u OneccH DabOTHY Ted H *» pDaacTh | - OCHOBHOE YpaBHEHHE A HHIKOCTH

MarepHatob aTOMHOH SHEPICTHER » 0b1acTh 2 - OCHOBHOE YpaBHEHHE JIIA IEPETPETOTO TIapa

IugporazompEanma — w
p » * 0DIacTe 3 - OCHOBHOE YPaBHEHHE [I1A OKOJIOKPHTHYIECKOH 0DIacTH
DnexTpoHHEN CIPARCYHHEK 110

CEOHCTEAM BEIIeCTE., HCIOIEIYEMEIX B DE-IECTB 4 ABHCH HACBIMIE —
remmosgeprerare (OMBT P * 00IAcTE 5 - OCHOBHOE YpaBHEHHE 1A 00/IACTH BBRICOKHX TEMIEPATYD
B —— » hvHEIHE, onopeneneHHEIE HA Beel 00IacTH mapaMeTpos dopyyaamas [APWS-IFQ7

HMoagpodsee o cOpaBoIHAKE IS eng
HGRa'SaTh CTPYRTYPY COPaB0YHHKA COIVIACHO €ro OIJIaBJIeHHIO




Mpumep rubpmnga 6ymarkHOro cnpaBoYHMKa U canTa
B IHTepHeTe

A.A.AnekcaHppoOB

K.A.OpnoB VK 621.136.7 (135.5)
B.®.OuKoB BEK ilfgl

Anewcan)pos A.A.

A 465 Tennofmmueckne cholicTEa paloTHX BENECTE TENMNOGHEPTE-

— M. }hnmmmﬁmm}i',m —224[8]1'_ ML

GBOHGTBA aidb—
Tipnmegeans Tafime eeenndi yaemaoro offless, JITAnLNG NITROTHIL,
iy,
ﬁ TN,
dU0YHX BELLECTB = mo
P ST S S
mamnau Mewsymapomodi no mogL W napa

npm pEmaemax go 100 MiTa (0 2000 °C mpa gansemmax a0 50 M), mcnowas
£OCTOAINE NACHTETNE 7 METACTAMLILND T N o CREASIIGTD TP

T TaKE: EyTReNTE JMEprIon, WITATLI W
T B I e s
TaMH moTa, asoTa oy,
mmnnnmmWLﬂnnmm

Tafinmpa s e
nq-'jpm-ﬂ]mzﬂl]“l:

T o np Tafimi,

CI'IPABO‘-IHMK o cobon o e P

TRl paiiori © e Cnpame uu cadirom

AR I {6 N © hitp mpd rufrbipp.
f i f 7 r | f Cnpamnc anm pafi RO T
{ ” O n
sl } NI FIEPTETIMSCKNT YOTAIORK , WORST CHYENTL TIES B KIUecThe yued-
iy : mara nocofius as cTyReNTON n mxmrEeCTE ¥ Jame-
“ / Ao,
; / VK 621136 7 @355)
) : EEK 313121
| Thermophysical properties of working subs of th l . refe
book / ALA . Alexandrow, KA. Orlow, W.F. Ochkov, —M.: MPEI Publishing House, 2009.—
/ 224

f \ / I | The tahles of values of specific vchnn, lpnfm emthalpy, specific _-q:], specific isoharic heat
% capacity, sound velocity, surface tension, sity, heat 'y, Prand] mumber, static die-
m_ﬁ.m-hﬂlmﬁﬂm“np_dﬁr'“dmmﬂi-n
f cal anlaied by fior iim chastrial by i for e Proper-
‘ tiss of Water and Ssmam_ The tahbles of thesmod ynamic i brace the mgion of | fior teme
pminn(PCantﬂnptu-uqmIMm-ﬂquCnp—-—lpmSﬂm

mduding satuation siates and states of meiasishle subcoalsd steam.
m The iables are presemied also for vales of specific imtemal energy, specific enthalpy and specific
emtrapy in ideal-gas state for substances which are the components of foel combustion products: axygen.
f mitrogen, @maspheric nitrogen, air, carhon dioxide, carhon oxide, slfur dioxide, nitmgen axide, nirogen
(st dicocide, sieam and hyd. The tahles e imterval of from =50FCibo 2200°C.
, 1

All sgqmations msed for calmbfions of tables ane presenisd iogether with addresses of sites i Intemet
where thess squations ars apenad for interactive work.
The Tk s with i

TENNOIHEPIETHKH L M TTTE W

site with th = sddess hipp: Mt mpel rfrtpp.
The book is destined o workers of designi i i i chimicnl l of power
plmss and dso may serves as edumsioml spply for sidents of sechmical universitios and colleges.

© Asewcangpom A A, Opmos KA Oswea BO, 2005
ISEN §TE-£ 3003 SDE- 0 ALY g aremcomdl goas MEH:s, 2005




- v
Vpasnenua aunun Hacviujerua (obracme 4)

VpaBHeHHe, OMHCHEBAIOIICE MHHHK HACEIIEHHA, NPEaCT
HEABHOTO KEBAZIPaTHOTO VPaBHEHHH

B892+ nB 8+ np?+nPY +npS+nP+nd+nd+n
B=(p,/p9"

B=T___."T'+H5."r|: TIT _nm:l

e

mpE p*=1MIla, T*=1K KosdbdHIHEHTE VYpaBHEHHA Ioj

Tabmo 8.
Vpaeuenue (9) Mo&eT DRITE paspelleHo B SBHOM BHIE Kaj
OABTEHHA HACEIIEHHA P; TAK H OTHOCHTE/IBHO TEMIIEDATYDEI
Pemenne ero OTHOCHTENBHO JABIEHHS HACHIEHHS A3ET OCHOH
JIHHHH HACEIIIEHHA
P,
—
P
roe p* =1 Mllau

4
2C

_B+ B'—44c "

A=91+nb+n,;
B=n33' +n43+nsz_

C=nS"+n8+n,

4 PEIIEHHE OTHOCHTENBEHO TEMIIEPATYPBR HACBINEHHA —

VpaBHEHHE \ "
T nm+D—[nm+D -4 n9+an]
T 2

! hitp:!/twt.mpei.ru/rhipp/ Regiond

£ | http:jfowt, rnped, ac. rufMCSWorksheets W SPIRegiondt, xrcd

<]t

,D‘EBJ'IEHHE HaCbILIJ.EHI.-"IH BEO4dbl N EOOAHOIO napa
°c ~|

T = 1K

.-"

- |25[] Recalculate |

T=52315K B=T/T + =523.1510r0

T/T"-nqq
Myqg CM. ===

B2-92+n1-E!nz-E’I+ng-E!|2+n3-|3-$2+n4-E-$+n5-ﬂ+n5-$2+n?-9+ng=ﬂ

B=1412082 p*=10° Pa p.=p' p*= 39759391 MPa
) obnacTe 3
0 1
- :
o i
= '
o i
[ '
104 :
Ginacte 1 QfAnacTe 2
. T/K
300 400 500 BOD
+ APs/Ps = 0.0463 %
0.067 0 :
gost————————— e e E—
0.04} ; ; _—
0.03f ' :
0.0z} . ;
0.017 : :
T, 200 400 500 500 T,



http://twt.mpei.ac.ru/MCS/Worksheets/WSP/Region4t.xmcd

«KnBaa» Tabamua ns KHUMu

& http:/ftwt.mpei.ru/MCS Worksheets/WSP/HS.xmcd

VWater and Steam Property JAPWS-IFS7

(D)@ http://twt. mpei.ru/ochkow/WSPHE/HSRangelFS7.GIF

h / (kikg)

Taerpa 1
TEPMOQWHAMWHE CKME CEOMC TBA BOALI M BOARHOIO NAPA
bl el W MICS Work s ee tuk tabd xmed
p~1dla p=2dla p=3clla p-dclla
' 1, =697 1, =17.50 2, —24.08 1, ~ 2896
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b | .:' E http:/fwww.iapws.org/relguide/ ThCond. htm P-EBCX fﬁ ﬂ?

Release on the IAPWS Formulation 2011 for the Thermal Conductivity of Ordinary Water Substance (September
2011)

PDF of document

Description

This formulation is recommended for the calculation of the thermal conductivity of ordinary water in its fluid phases.

The formulation consists of a dilute-gas term that is only a function of temperature, a finite-density term as a function of temperatmre and density,
and a near-critical term as a function of temperature and density.

The region of validity the entire stable fluid region from the melting curve to 1173 K at pressures to 100 MPa, with lower maximum temperatures
at higher pressures up to 1000 MPa; see the release document for details. It extrapolates in a physically reasonable way outside this region.

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

o for general and scientific nse
» for industrial use
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@) Knovel® Interactive Equations

Welcome to Knovel Interactive Equations

Af Chemistry & Ch... 39

+ Browse collections of practical equations and methods, use the built-in Solver to calculate, and export

Fluid Dynamics 28
your calculation for reports or sharing knowledge
Flow Mechanics 1 = Create a worksheel from scratch by combining text, math, images, and plots. Have easy one-click
access to a toolbox containing math functions, engineering units, programming structures, and math
Viscosity 4 symbols used in engineering formulas
Efre o e 9 Use the left panel to browse through the collections. To preview the equation in HTML or calculate using the
P y built-in Solver, you need to register with Knovel. Regisiration is easy via a simple form. If you have already a
Thermodynamics 11 Knovel account, please login.
For more information, please check out the resources located under the Help Menu -
Mechanics & Me... 77 . _ _ . .
A The first edition of Interactive Equation comes with authoritative content in the form of
PR equations paired with worked solutions from Chemistry and Chemical Engineering,
Mechanics and Mechanical Engineering, and Metals and Metallurgy.
J\N\F Metals & Metallu... 13 [WATCH THE VIDEQ)

. Built-in software allows you to import, calculate, and export your calculation in PDF, Mathcad,
or HTML formats. Click this button [ on the right side of the screen to go directly to Equation

Solver,
[WATCH THE VIDEQ]




Ccbl/IKa Ha CNPaBOYHUK C «KMePTBbIMU GOpMYAaMU»

(@
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rowse

boundaries for operation of the system. The net vertical difference
between the curves is the difference in friction loss developed by the
distribution mains for the two extremes of possible loads. The area
in which the system operates depends on the diverse loading or
unloading imposed by the terminal units. This area represents the
pumping energy that can be conserved with one-speed, two-speed,
or varighle-speed pumps after a review of the pump power, effi-
ciency, and affinity relationships.

PUMP POWER

The theoretical power to circulate water in a hydronic system is
the water power P and is calculated as follows:

P = mApip (3

where

m = mass Now of Muid, ke's
Ap = pressurs inerease, Pa

Figure 21 shows how water power increases with flow.

The total power P, required to operate the pump 1s determined by
the manufacturer’s test of an actual pump running under standard
conditions to produce the required flow and pressure as shown in
Figure 11.

@ 2012 ASHRAE Handbook - Heating H 44.9 Affinity Laws >

PUMP EFFICIENCY

Pump efficiency is determined by comparing the owtput power to
the input power:

Output P,
B,

Efficiency = w L0005 4

Tt

Figure 22 shows a typical efficiency versus flow curve.

The pump manufacturer usually plots the efficiencies for a given
volute and impeller size on the pump curve to help the designer
select the proper pump (Figure 23). The best efficiency point (BEP)
i the optimum efficiency for this pump; operation above and below
this point 15 less efficient. The locus of all the BEPs for each im-
peller size lies on a system curve that passes through the origin (Fig-
ure 24,

AFFINITY LAWS

The centrifugal pump, which imparts a velocity to a flud and
converts the velocity energy to pressure energy, can be categorized
by a set of relationships called affinity laws (Table 1), The laws can
be described as similarity processes that follow these rules:

|. Flowr (capacity) varies with rotating speed & (i.e., the peripheral
velocity of the impeller).
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Power Requirement for a
Water Pump

An equation for calculating the power requirement of

Power Requireme...

water pump as a function of water ﬂEI"ISThj. Water dens fover Reapigenent—for-¢ Hater Pmp ~ ‘
is calculated as a function of its temperature and Knovel Worksheet (.sm) qm,aas'[pnut_pin + -
pressure per IAPWS Formulation for Region 1. This | oo o (pdf) Hoump™ P X+
equation can be used for pump selection in a ﬁ.rarietj,r C rump l
industries, including chemical process and power HTML file (.htm) Mass flow rate of water a =120 L  mmm
generation. Mathcad 15 file (-xmed) | e ‘

_ Inlet pressure of water pin; 2 arn <>
Contributed by: Valery Ochkov Image file (.png) R b m7am
References: Excel Spreadsheet (.xls) out f

Temperature of water T=90 °C

hitp://app.knovel. comiweb/view/swilshow vircid kpASHRAEAZ/cid: n =0,85 ..

KIOOAFVIV3iviewerType:pdf/root_slug:ashrae-handbook- Pump efficiency pump =
heating-3?cid=kt00AFVIV3i&page=T&b-toc-

Density of water as a function of p and T

cid=kpASHRAEAZ2&b-toc-root-slug=ashrae-handbook- o) lm*
heating-3&b-loc-url-slug=centrifugal-pumps&b-toc-title=2012%

20ASHRAE%20Handbook%20-%20Heating%2 C%20Ventilating% Density of water: p. +p
2C%20and%20Air-Conditioning%20Systems%20and% oi=p [m_ﬂut . T|=96s, 48 XZ aw
20Equipmentd%:20%2851%20Edition%29 water 2 e 3

Citations: 1.) 2012 ASHRAE Handbook - Heating, Ventilating, and Flow rate of water: q 3 AQ
Air-Conditioning Systems and Equipment (S| Edition). Page 44.7. q T ,2904 M

American Society of Heating, Refrigerating and Air-Conditioning volume e kS

Engineers, Inc., 2012. 2.) International Association for the Power regquirement for the water pump:

Properties of Water and Steam, "Revised Release on the |APWS
Industrial Formulation 1997 for the Thermodynamic Properties of
Water and Steam”, 2007, Lucerne, Switzerland,

hitp:/fwww iapws. orgirelguide/IF97-Rev. pdf
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Density of water as a function of p and T
B

pwater(p: T}= "Revised Release on the IAPWS Industrial Formulation 1997"
"for the Thermodynamic Properties of Water and Steam"

"gee http://www.liapws.org/relguide/IF97-Rev.pdf"

"Density of water (Region 1) as function of pressure and temperature"

v[w; t}= "Gibbs free energy"
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M Mathcad - [Power Requifed&HfBiTa Water Pump ]

ﬂ File Edit View |Insert Format Tools Symbolics Window Help
ID-BEISRY| 2B |loo|": P =|R

IkNﬁmlal v | Arial vin v| B 7 U||E=
tonne
Mass flow rate of water Q555 = 100 -
Inlet pressure of water Pin = 2 atm
Outlet pressure of water Pyt = 7 atm
Temperature of water T=90°C
Pump efficiency Mpump = 85%
[»] Density of water (Region 1 IAPWS-IF97) as function of pressure and temperature
Pin * P
Density of water: p = Pwater[m_um ,T) = 965.481 k—i
2 . m
Imass m
Flow rate of water: =——-0 =103.575—
%]ume p hr

Power requirement
for the water pump:
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Npoexkt HUY "M3K" v OUBT PAH

JNEeKTPOHHDLIN CNPaBOYHKMK "TEepMOgUHAMMYECKME CBOMCTEE MHOMBMAYANbHDbIX BellecTs”
e 6 Tomax WspgaTenscreo "Hayka", Mockea, 1978-2004 rr. O cnpasouHmMke ===
Tabnvua KNAcCOB TOUHOCTK >

1 Tom:
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| Mathcad Prime | Mathcad Express | SMath | Excel
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Wz cnpaeouyHuka "TepMoaoMHaMuyeckne CEONCTEA HHOMEMAYaNbHLIX BEWECTE

M. Hayka, 1978, Tom 1, Knura 2, 327 ¢, Tabnwua 52, c. 93-94, knacc tounoctw |, Tabnuua

From the reference book "Thermodynamic properties of individual substances”
Moscow, Mauka Publishing House, 1978, Volume 1, Book 2, 327 pages, Table 52, p. 93-94, accuracy class |, table

Xnop Cl (raz)
Chlorine Cl (gas)

I = 35,4535

2
mole

WuTepean temnepatyp 500 K- 10 000 K
Temperature range 500 K - 10,000 K

T= o000 ¢
°F
Recalculate |°R

Termmoémrocte mpH mocToAHHoM JaBneHrni /| Molar specific heat capacity at constant pressure

24

':pl:I': IV

23 A

con(T) = 22,205

I

mole-E
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IRBOC v2 - Properties of Ionic Liquids A

Datasearch :: Help :: Suteinfo :: Backfeed

<< Search results :: Datareview :: Online Calculation :: Code Generator :: File Generator

Code generator Java ares
] linear
Select programming language |Matiab v|c> \VBA TEST sl

Select method of interpolation/approximation | nearest V| '—C:}- pchip

cubic
Code of function: _93‘.‘?[9.‘.‘3._J

Copy into one big Matlab project

2\

v5Scubic

function S_C6H11BrN2 = S_C6H11BrN2(T)
$Compound: l-ethyl-3-methylimidazolium bromide;
$Formula: CEH1l1BxrN2;
$Property: Entropy as function of Temperature;
$Year Pub.: 2007;
$Authors: Paulechka, Y. U.; Kabo, G. J.; Blokhin, A. V.; Shaplov, A. S.; Lozinskaya, E. I.; Vygodskii, Y.
Se: 2
§Source: J. Chem. Thermodyn. 39 , 158-166;
%#Phase: Crystal;
variablel = [0 5 10 15 20 25 30 35 40 45 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210
220 230 240 250 260 270 280 250 298.15 300 310 320 330 340 349.92];
prpvalue = [0 0.109 0.998 3.6 7.26 11.89 17.17 22.85 28.73 34.7 40.67 52.43 ©63.81 74.72 85.22 95.2 104.8
114.1 123.1 131.7 140 148.2 156.1 164 171.6 179.1 186.4 193.7 201 208 215.1 222.2 229.1 236.1 243 248.8 250
257 264 270.9 277.9 284.8];
if T >= min(variablel) && T <= max(variablel)
S_C6H11BrN2Z = interpl(variablel, prpvalue, T, 'nearest');
else
S_C6H11BrNZ = 'Error: value of argument is out of range.'
end
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BbiBOADbI:

* PAH, B yactHoctn, OUBT n apyrne akagemumyeckume
opraHm3aunm nmetrot borateniume 6asbl AaHHbIX

* Elsevier/Knovel, M3 n Tpuepy «coBmecTHO-
napannenbHo» pa3pabotanm addeKTUBHbLIN
MHCTPYMEHT ana nybankaumm n anctpnbyumnmn 6a3
NAHHbIX U NIPUMEPOB UX MCMNOIb30BAHMSA

* Hy)XHO HanTM cnocobbl peannsaumm 3Toro
COBMECTHOro NPOEeKTa, B YaCTHOCTH, Yyepes
KoMmmep4yecKoe NapTHEePCTBO U UCMO1Ib30BaHMeE
doHpoB PocobpHayku, PAHO mn gp. MHCTUTYTOB



