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RECALCULATION METHOD OF THE CHARACTERISTICS OF

STRAIGHT-FLOW TUBULAR POROUS STEAM GENERATORS FROM

BOUNDARY CONDITIONS OF THE SECOND KIND FOR BOUNDARY
CONDITIONS OF THE THIRD KIND

The article is devoted to the development of a method for recalculating the thermo-hydraulic
characteristics of porous straight-through steam-generating channels from boundary conditions of the
second kind to boundary conditions of the third kind. The need for the development of such
recalculation procedure is due to the presence in the literature of calculated dependences describing
the heat transfer during evaporation of the coolant in porous channel for boundary conditions of the
second kind, while the practical plan problems are often conditioned by other boundary conditions, in
particular boundary conditions of the third kind. The ultimate goal of the recalculation method was to
create a program for calculating the thermo-hydraulic efficiency of porous straight-through steam
generators. The proposed recalculation technique makes it possible to calculate, in the porous straight-
through steam generators, for boundary conditions of the third kind, such thermal-hydraulic
characteristics as the length of the channel required for complete evaporation of the heat carrier; the
power required to pumping the coolant in this case, and the total amount of heat transferred to the
heat carrier during evaporation. To describe the calculation of the heat transfer during the evaporation
of two-phase flows in porous materials, the experimental dependence obtained by 1.V. Kalmykov,
characterizing the intensity of volumetric intraporous heat exchange, depending on the regime
parameters of the flow, was used. This universal experimental dependence is suitable for various types
of porous materials. For calculating the hydraulic characteristics of a evaporating two-phase vapor-
liquid flow in a porous high thermo-conducting material was used adapted by Yu.A. Zeygarnik and
1.V. Kalmykov experimental dependence that was founded on the Lockhart-Martinelli method for
calculating the hydro-resistance of vapor-gas flows in porous media. The technique presented in the
article makes it possible to calculate the thermal-hydraulic characteristics of porous straight-flow
porous steam generators for boundary conditions of the third kind.

Keywords: porous straight-through steam generators, recalculation of thermo-hydraulic characteristics
from boundary conditions of the second kind to boundary conditions of the third kind.

CTaTTi npHCBSiYeHA PpO3podUi MeTOoy MepepaxyHKy TelJIOriApaBIiYHUX XapaKTepPHCTHK
MOPUCTUX MPSIMOTOYHHUX MAPOreHepyIoYNX KaHATIB 3 TPAHUYHHUX YMOB JAPYroro poay AJisi TpPaHUYHUX
YMOB TpeThoro poay. HeooxigHicTs po3podku 1aHoi MeTOIHKH 00YyMOBJIEHA HASIBHICTIO B JiTepaTypi
PO3PaXyHKOBHX 3aJIe}KHOCTEH, 0 ONUCYIOTH TeNJI000MiH NMPH BUNAPOBYBAHHI TEMJOHOCIS B MOPCTUX
KaHaJax sl TPAHHYHUX YMOB JAPYIroro poay, B Toil 4ac, SIK 3aBAaHHSI NMPAKTHYHOIO IJIaHY YacTo
00yMOBJIeHI iHIIMMM TpaHWYHHUMH YMOBaMH, 30KpeMa, TFPAaHHYHUMH YMOBaMH TPEeTHOTO pPOAY.
OCTaTOYHOI0O METO MeTOAWKH TMepepaxyHKy OyJd0 CTBOpPEeHHsT TpPOrpaMH MO0 OGYHCJIEHHIO
TeIvIoriipaBJiyHoi e(eKTUBHOCTI MOPHCTHX MPAMOTOYHHUX HaporeHepaTopis. 3anponoHOBaHa
MeTOIMKA MepepaxyHKy MA03BOJIsIE 00YHCIIOBATH B NPSAMOTOYHHUX MOPHCTHX NAaporeHeparopax s
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TPAaHMYHUX YMOB TPETHOr0 POAY TAKi TeILIOrigpaB/liYHi XapAKTEPHUCTHKH, fIK [JOBKHHA KaHAIY,
HeoOXigHa /11 NMOBHOI0 BHUIAPOBYBAHHSI TEILUIOHOCISI; MOTYXKHICTh, HeOOXigHA /1 NPOKAYYBAHHS
TeNJIOHOCIA B IbOMY BHUNAJKY i 3arajibHa KiJbKIiCTh Telia, 10 MepeAacThesl TEMJOHOCII0 B mpoueci
BHIIAPOBYBAHHA NOTOKY. /I omucy po3paxyHKy Temjoo0MiHy NpH BHIIApPOBYBaHHI ABo(dazHHX
NOTOKIiB B TNOPHCTOMY cepelOBHINi BHKOpHcTOBYBadacsi orpumaHa I. B. KaamuxoBum
eKCHePUMEHTAIbHA 3aJIe5KHICTh, 10 MIAXOJUTHL /JUIA PI3HHUX THNIB NMOPHCTHX MaTepiadiB i Korpa
XapaKTepu3y€ IHTEHCHBHICTb 00’€MHOI0 BHYTPIilIHbONOPHCTOr0 TEIJIOOOMIHY B 3aJI€:KHOCTI Bin
pe:XUMHHMX napaMeTpiB noroky. Jluisi po3paxyHKy TrigpaBliYHHX XapaKTepHCTHK IBOX(a3HOr0
NAPOPiIMHHOI0 NOTOKY, 10 BHIAPOBYETbCA B MOPHUCTOMY BHCOKOTEILIONPOBIHOMY Marepiadi,
BUKOpHcTOBYBasiacsi aaantoBaHa FO.A. 3eiirapuukom i I.B. KaamukoBum Mmeroaumka Jloxkkapra-
Maprinenui aJs po3paxyHKy rigpoonopy napora3oBHX NOTOKIiB B MOpHCTHX cepenosuinax. Hapenena
B CTATTI MeTOAMKA [03BOJISI€ NPOBOAMTH PO3PAXYHOK TeILIOTIAPABJIIYHUX XapaKTepHCTUK
NPAMOTOYHUX NMOPUCTUX NAPOreHepaTopiB A/ TPAHUYHUX YMOB TPETLOr0 POIy.

KnrodoBi cioBa: mpsMOTOYHI TOPUCTI THApOTCHEPATOpPH, MEPEepPaxyHOK TEIUIOTiApaBIidHAX
XapaKTePHUCTHK 3 TPAaHUYHUX YMOB JIPYTOT0 POy Ha TPaHUYHI YMOBH TPETHOTO POLY.

Crathsl mnocBsilleHa pa3pa0oTke MeToAa IepecuéTa TEMJIOrHMIPABIHYECKHX XAPAKTEPHCTHK
NMOPHUCTBIX NPSIMOTOYHBIX NAPOreHePHPYIOIIUX KAHAJIOB ¢ IPAHMYHBLIX YCJOBHMii BTOpPOro poja Ha
rpaHHuYHbIe YCJI0BHsI TpeThbero poxaa. HeoOGxomuMocTh pa3paGoTKH JaHHOH MeTOIUKH 00yC/I0BJIeHA
HAJIMYHEM B JIMTepaType PacuéTHBIX 3aBHCHMOCTeif, ONMHCHIBAIOLINX TeMIO00MeH NpPH HCHapeHuH
TeNJOHOCUTEIsI B MOPCThIX KaHAJIaX sl TPAHUYHBIX YCJIOBHII BTOPOro poaa, B TO BpeMs, KaK 3aJa4H
NPAKTHYECKOI0 ILIAHA YacTO 00YCJOBJEHbl APYITMMH TPAHUYHBIMH YCJIOBHAIMH, B YACTHOCTH,
TPAaHMYHBIMH YCJOBHSIMHM TpeThero poaa. KoneuHoii nejibo MeToauKu nepecyéra siBJIsJIOCh CO3JaHue
NpOrpamMMbl 10 BBIYMCJICHHIO TeIUIOTHAPABJIMYecKOi 3((PeKTHBHOCTH NOPHCTHIX NPSAMOTOYHBIX
naporedeparopos. Ilpemiaraemass MeroaMka mnepecuéra HO3BOJISET BBLIYMCJIATH B NPSIMOTOYHBIX
NOPHUCTBIX MaporeHepaTopax s IPAHUYHBIX YCJIOBMil TPeThero poaa TaKue TEIIOTAPaBJIHYECKHe
XapaKTePHCTHKH, KaK [JIHHA KaHajla, Heo0Xoaumasi /JIsl MOJHOI0 MCHApeHUs TeIJIOHOCTes ;
MOIIHOCTb, HE00X0AMMAs /I MPOKAYKH TeIVIOHOCHTeEJISI B 3TOM cJIy4yae M MOJHOe KOJIHYeCTBO Tellla,
nepefiaBaeMoe TeIUIOHOCHTeNI0 B mpouecce ucnapeHusi. st onmucHUsi pacyéra Temjioo0MeHa HpH
HCHapeHHH JABYX(a3HbIX TMOTOKOB B MOPUCTBIX MAaTepHAaX HCNOJIb30BAJACH MOTyYeHHAs!
H. B. KanMbIKOBBIM YHBEpCAJIbHAasl 3KCIIEPUMEHTAIbHAS 3aBUCUMOCTD, MOAXOASINAS VISl Pa3JIMYHBIX
BU/IOB IIOPHUCTBIX MATEPJIOB, KOTOPasi XapaKTepHU3yeT HHTEHCHBHOCTb 00BEMHOrO BHYTPHUIIOPHCTOIO
Tel1000MeHa B 3aBHCHMOCTH OT PEKMMHBIX NapaMeTpoB moroka. /I pacuéra ruapabBjH4YecKUX
XapaKTePUCTHK HCHAPSIOIIErocss B IOPHUCTOM BBICOKOTEIJIONPOBOAHOM MaTepuaie AByx¢a3HoOro
NApPOKUAKOCTHOTO  MOTOKA  MCHoOJb3oBajachk  agantupoBanHas  FO.A.  3eiirapuuxkom u
N.B. KaambikoBbiM  MeTOAuKa Jlokkapra-MapTuHe/uln JJsi  pacyéTra TI'MAPOCONPOTHBJICHHUS
Mapora3oBbIX NMOTOKOB B MOPHCTHIX cpenax. [IpuBegenHass B cTaTbe MeTOAHKA MO3BOJIseT MPOBOIUTH
PacyéT TemJoruApaBINYeCKHX XAPAKTePUCTHK NPSIMOTOYHBIX MOPHCTHIX MNApPOreHepaTopoB Js
TPaAaHHYHBIX YCI0BHil TPeThero poaa.

KiroueBble ci10Ba: NIPSMOTOYHBIE IMOPHUCTbIE MApOI€HEPATOPbI, MEPecuéT TEIUIOTUIPABINYECKUX
XapaKTEpPUCTHUK C TPAHUUYHBIX YCIOBUM BTOPOro pojia Ha TpaHUYHbIE YCIOBHS TPETHEIOro poja.

Introduction. The actual problem of creating various types of heat engineering
systems and energy complexes is the increasing of their work efficiency. One of the
technical solutions in this direction is the use of porous steam generating channels as part
of termal-regulation systems, which use evaporation-condensation phase transitions in
their thermodynamic cycle. At the same time, in the course of the design development of
such systems, the thermal-hydraulic calculation of the evaporation section is of great
importance. The purpose of this calculation is to determination the length of the channel
necessary for complete evaporation of the coolant, the power expended for pumping of
the evaporating heat carrier and the amount of heat necessary for evaporation of the
coolant. In addition, it is of considerable interest to search for calculating -constructive
parameters of porous steam generators, at which use it is possible to obtain energy
superiority in comparison with smooth-wall steam generators. This gain can be obtained
only under boundary conditions of the first or third kind. In the case of boundary
conditions of the second kind, according to the law of conservation of energy, at the same
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heat fluxes on the surface of the porous and smooth-walled channels, it is necessary the
same length of these channels for evaporation of the same amount of liquid. Taking into
account that the hydro resistance of porous channels is higher than the hydro resistance of
the smooth-walled channels, it is impossible to obtain an energy gain in this case. Taking
into account the above, consider the technique for calculating the characteristics of porous
cylindrical straight-flow steam-generating channels for more general case of the boundary
conditions of the third kind in comparison with the boundary conditions of the first kind.
Let's cause a brief list of calculation formulas describing heat exchange and
hydrodynamics in a zone of vaporization of porous cylindrical straight-flow steam
generators.

1. Calculation of heat transfer in the movement of two-phase flow in porous
materials. The problem of experimental study of heat transfer at moving steam mixture
through porous media addressed in dissertation of 1. V. Kalmykov [1]. Based on the
generalization of experimental data the author has received the following generalized
relationship characterizing heat exchange when moving steam-water mixture through
porous media

Mo =L+ B0 (o == | M
where hy — volumetric heat exchange coefficient at motion of two-phase vapor-liquid
flow through the porous material, W/m*K; hyio — volumetric heat exchange coefficient
inside of the porous material at moving of the liquid at a rate equal to the total rate of the
mixture (the amount of heat absorbed by the fluid per unit time per unit volume of the
porous body), W/m*K; (pw)o= 2 /Fc.s. — filtration rate of the mixture (mass flow rate,
kg/m?s; m — full mass flow rate of mixture, kg/s; Fes=nd%4 — cross-sectional area of the
channel, m?; v’— coefficient of cinematic viscosity of the fluid on the saturation line, m%/s;
o — coefficient of surface tension of the liquid, N/m; x — mass content of steam in the
flow.

To find value of hvio was used recommended by A.G. Kostornov in V.M. Poljaev
[2] relationship to calculate the heat transfer inside the porous metal-fiber material when
moving through a single-phase coolant:

Nuy=0,007Re’?, 2

(PW)q (B/o)
K7
of resistance of porous material; index I refers to the parameters of fluid.
As seen from the expression (1) it does not include in explicit form of the porous
structure characteristic parameters, such as particle size, or flow resistance coefficients a
and B. This makes it possible to use these expressions for virtually any porous materials.

In calculating the specific heat flux, which is passed to the coolant during
evaporation in a porous cylindrical channel, we used the expression obtained in [3]

_ 12 11(v)
4= porhv) () 8D , 3)

where lo(y) and 11(y) — modified Bessel functions of the first kind of zero and first order,
respectively; Apor — coefficient of thermal conductivity of the porous material. For it's
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calculation the material of the frame of the wick, the thermal conductivity of liquid and
vapor at saturation line have to be taken into consideration; hy — the intensity of the
2
h (d/2

volume of the intraporous heat transfer; yz =% — parameter characterizing the
intensity of the intraporous heat exchange; d — diameter of channel; 8 = 7-t;, where 7'—
the temperature of the porous structure, ts — the coolant temperature at the saturation line;
9 (1) = Twts, — temperature difference of the porous frame and on the cooler inner
surface of the wall.

According to [3] at boundary conditions of the third kind for value & (1)=Tuts
could be written the following expression:

9(1) = 'o®) 9 , (4)
lo() +—=—11(7)
0 B'por 1
where
9 =tets; Bipor =K>Ed/ 2 (5)
por

Substituting the value 9 (1) from (4) in (3), we obtain the following expression for
the specific heat flux, which is passed to the heat carrier in the porous cylindrical channel
at boundary conditions of the third kind:

g-ont/2. WS (6)
lo(v) + “11.(v)

Bipor

If to look on the value of the criterion of Bio from formula (6), written for the
solution of the problem in a porous channel, we can see that it is bound by the following
relationships with the criterion of Bio, written to solve the problem in the smooth-walled
channel.

Bigy=—— 7
sm=" (7)
. k'(d/2
Blpor = 75 ) J (8)
por
: : A
Bipoy = Bicy —t—, 9)
por sm oy or

where x’ — local heat transfer coefficient from the internal surface of a wall to the
environment; A, — coefficient of thermal conductivity of a liquid.
For the parameter «’ we can write the following expression:

i_1.,1 (10)

y

K o K

where x — the local heat transfer coefficient from the liquid flowing in the pipe to the
environment; a — local heat transfer coefficient from the liquid flowing in the pipe to the
internal surface of a wall.
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For a round pipe there is an expression [4]:

1 dpdh, d (11)

K/ 27\4W d Olel

where a1 — is heat-transfer coefficient from the outside surface of a tube to the
environment; d, di — are inner and outer pipe diameters; A — is the coefficient of thermal
conductivity of the wall material.

2. Calculation of hydraulic resistance in porous channels with high heat
conductivity at two-phase vapour-liquid motion of heat carrying agent. Calculation
of hydraulic resistance in porous channels with high heat conductivity at two-phase
vapour-liquid motion of heat carrying agent will be performed as the method similar to
Lockhart-Martinelli’s method [5]. According to this method, which Yu. A. Zeigarnik and
I.V. Kalmykov applied to the motion of two-phase vapour-liquid adiabatic flows in
porous media [6], the calculation of the frictional resistance of adiabatic two-phase
mixture in porous channels is performed as the formulas:

P
( weph. por. = (4P1 )L -0 (12)

or
AP
(7) tw.ph. por. =(AP/0)G @2 (13)

where (AP/7), and (AP//)g are pressure drops at the flow through a porous structure
of a liquid phase only in the quantity that the mixture contains, or of steam phase only.

These values are calculated as the equation (14), in which corresponding mass filtration
velocities of each phase are used as mass filtration velocities pw = G:

—-dP 2
—— = auG +pouG”, 14
g~ G (14)

where a and B —are inertial and viscosity coefficients of a porous material resistance; u
and o are dynamic viscosity coefficient and specific volume of liquid; G is mass flow rate
of liquid through a porous material.

According to Lockart and Martinelli [5], parameters @, and @g are the function of

Martinelli parameter X = J(AP/E)L I(AP/0)g . The following formula can be written for
X2 parameter [6] :

2 ].—TX)(::_;)(p_)l+(ﬁ/a)[G(l—X)]/u, - (1—x)(i)(p_)l+Re

X .
p'" 1+ (Bl)[G-x]/ " x W p' 1+Re"

~( (15)

The connection between parameter Xand @ and @ can be expressed analytically [7]:
D% =1+ CIX+1/X?, (16)

D?=1+CX+ X%, 17)

After processing experimental data, Yu. A. Zeigarnik and 1.V. Kalmykov in [6]
concluded that coefficient C is the function of mass filtration velocity (pw)o =G, physical

122



ISSN 2312 - 2897. Bicuuk J{ninposcekoro yHisepcurery. Cepis:Mexanika. Ne 5. T. 26. 2018. Bum. 22

characteristics (p' and p') and hydraulic characteristics of porous structure (coefficients o
and B):
, 0,4
coaolle.py (18)
G

3. Calculation scheme for computation of thermophysical parameters of
cylindrical porous channel at motion through it of two-phase evaporating flow
under boundary conditions of the third kind. To obtain a scheme for calculating of the
thermo-physical parameters of a cylindrical porous channel, it is necessary at the inlet to
the channel with a diameter d to set the flow parameters on the saturation line —
temperature Ts and pressure Ps. Also at the channel entrance the Reynolds number Reg
(mass flow rate /7, kg / s) is set. On the channel surface, the ambient temperature T;. and
the law of heat exchange between the channel wall and the environment (Bi criterion) are
set. Wherein, the temperature drop across the channel wall thickness is not taken into
account, since it is assumed that the wall thickness is rather small.

Due to the fact that for beginning of calculations of thermal characteristics in a
smooth-wall steam-generating channel (formulas (1) — (6)), it is necessary to know the
value of the vapour content, then we assume that at the channel entrance this value is
equal to 0,001 (xo = 0,001). Schematically, the calculation scheme of computation is
shown in Fig. 1.

% 5] .
T...B1
Re 0 AUV ARV RN RNV RNV RNV VNN NNV NN A VAN AN NN AN Y
TS‘O > '....-. .':...-.‘.':o..-o..'.-..'-..'..-o.-- . —

Py = [rere teeat st dat il et X
s AAAAAALILLILTIATEAAAALARS ARAAAAAAAAAAARARARRARN

1 Al 2 3

-
-&

x,= 0,001
0 API_2

Fig. 1. Calculation scheme of computation of thermal characteristics
in a steam generating porous channel

Since the calculated values of the heat flux and the heat transfer coefficient in
formula (1) are written for boundary conditions of the second kind, we stake out the
channel into small sections Al, within which we will assume that the value of the heat
flux is constant. In the course of the calculations, the value of Al was assumed equal to
0,01 mm. The parameter characterizing the end of one section and the beginning of the
second section is the boundary vapour content. Within these sections, the calculation of
the thermo-physical characteristics of the channel was carried out by the method of
successive approximations.
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In the first step of the calculations in section 1 (input section) (fig. 1), calculate the
specific heat flux

Y = (T, Bi, Ty, Py, X%, Rey, d), (19)

with using of equation (1) and equation (2).
Next, we calculate the total amount of heat, which is transferred to the evaporating
heat carrier between sections 1 and 2 by formula

Ql(f)z =1 - Rat.surf.1-2, (20)
where Fratsurfio = TAAL, . (21)
After that, we find the increment of the vapour content in the section 1-2:
A - Q2 (22)
=2 m.r-xo)

and the value of the vapor content in section 2 in the first step of the iteration:
X =x, +Ax L, (23)

where m — the total mass flow rate of the heat carrier through the pipe (channel), kg/s;
r — is the heat of vaporization, J/kg; x — is the mass steam content of flow.
Note, that the lower indices in the above expressions refer to the cross section
number of channel, and the upper indices refer to the sequence number of the iteration.
Knowing the values of xo and xgl) , we find the average value of the vapour content

between cross sections 1 and 2 in the first step of the iteration
Xy an = (X +%5°) /2. (24)

Based on the thermo-physical properties of the liquid in the inlet cross section of the
pipe, the calculated vapor content, the relative length of the section X, . , the relative

—2av.!
length of the section A& = A¢/d, the Reynolds number at the entrance of the channel Re,
and the diameter of the channel d, we calculate the pressure drop in section 1-2 (formulas
(7) - (14))
ARPY = f(AE, x1Y).,, Re,, d) (25)

1-2 av.? (o]

and the value of saturation pressure in the cross section 2:

RS =Pso — AP, . (26)

Using the pressure value PS%) , we find the temperature value on the saturation line
in cross section 2 in the first step of the iteration

79 = 1(RY) . (27)

The values of the thermo-physical properties of liquid and vapor on the saturation
line are usually found by interpolation between discrete points. In the course of numerical
realization of this technique, interpolation was carried out using the Lagrange
interpolation formula. The discrete values of the thermo-physical properties of liquid and
vapour were taken from tables [8].

124



ISSN 2312 - 2897. Bicuuk J{ninposcekoro yHisepcurery. Cepis:Mexanika. Ne 5. T. 26. 2018. Bum. 22

The average temperature of the liquid in the section 1-2 is calculated from the

temperature values Tso and TS%)

(28)

By the value of this temperature, using the Lagrange interpolation formula, the
average value of the saturation pressure in the 1-2 section is calculated:

PY, =T ) - (29)

sl-2 av s1-2 av
Further, proceeding from the previously calculated values xgl), PS%), TS%)

(formulas (23), (26), (27)), we calculate the value of the specific heat flux in cross section
2 in the first step of the iteration.

" = f (T, Bi, TY, PY, XV, Re,, d). (30)

Then we calculate the value of the average specific heat flux in the section 1-2 in the
first step of the iteration, assuming this value is constant within the section 1-2

()] _ ql(l) + qél) _ (31)

ql—2 av 2

After this, we go to the second step of the iteration and again calculate the value of
the total amount of heat which is transferred to the evaporating heat carrier between
sections 1 and 2

QY =, oy ndAly . (32)

Further, according to the above scheme, we calculate the next set of thermo-
hydraulic characteristics of the evaporating flow in section 1-2 in the second step of the
iteration.

AxO = 1(—23 (33)
2w T oy

We note that at this step of the iteration the value of the heat of evaporation r in
formula (33) is calculated from the mean values of the saturation temperature TY,  and

sl-2av
the saturation pressure P

14 ODtained in the previous iteration step (formulas (28) and
(29), respectively).

X =%, + A% o (34)
(2)
XA, =t (35)
2
AR = f(Ag, X3 .., Re,, d), (36)
PZ) =Py AR (37)
2 2
T8 =1(PY), (38)
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T, +TY

Ts(lz—)z av = 2 2 ' (39)

Ps(lz—)z av = f 5(12—)2 av) ' (40)

a;” = f(T,,, Bi, T, PP, X, Re,, d) | (41)
+ 2)

B =2 @2)

Having the values of g, ., and q/%) ., , calculated at the first and second step of the

iteration, we compare them each with other and calculate the relative magnitude of the
discrepancy between these quantities:

¢ g0
AC =122 “5 =2av 100% - (43)
91-2 av

If the value of AC is greater than 1%, then the average value of the specific heat flux
in the distance between the cross sections 1-2 obtained in the second iteration step

(g% ,,) is substituted into the formula (30) instead of the same value that was obtained

in the first step of the iteration (", ,,) and calculations of the thermo-hydraulic values,

starting with formula (32) to formula (40) are carried out again. In such way the third step
of the iteration (the third successive approximation) is organized. The calculation of
thermal-hydraulic characteristics by the method of the successive approximations in the
initial section 1-2 continues until the condition AC<1 % is satisfied. After this condition
is fulfilled, the final value of the total amount of heat is calculated on the interval between
cross sections 1 and 2:

Q) —q
QL5 final. = %2 final, WAL - (44)
After the condition AC<1 % has been fulfilled, the hydraulic power required to pump
the coolant in the 1-2 section is calculated too:

(1)

_Ap() m
Ni_% final. =AP2 final. -

P@z

— is the total mass flow rate of the heat carrier through the pipe

where = Reguond
4

(channel), kg/s; Reo and po are the Reynolds number and the dynamic viscosity of the
fluid in the inlet cross section of the channel; p£l_)2 — the density of the liquid, calculated

(i)
from the value of temperature Tg;” , .
After calculating of the values Q') . and N{). . these values as well as the
value A/Z, , =const are entered in the database for their subsequent use when finding
the total amount of heat which is transferred to the evaporating heat carrier, the total
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power expended for pumping the cooler and the total length of the channel at which the
evaporation of the coolant is complete.

After the calculation of the thermo-hydraulic parameters of the evaporating flow in
the section 1-2 was completed, the calculated values in cross section 2 were taken as the
initial values for the next interval 2-3 (fig. 1) and the calculations in this section were
carried out according to the calculation scheme in the interval 1-2. After the complete of

calculations in section 2-3, the summation of the values Q).  +Q") . .

NG N Ao+ Alpg, the calculations were transferred to the interval

34, etc.

The calculation should be carried out until the value of the vapor content with an
accuracy of 1% becomes equal to the value x = 1.

Conclusion. The above procedure allows to do the recalculation of the thermo-
hydraulic characteristics of straight-flow porous steam generators from boundary
conditions of the second kind to boundary conditions of the third kind. This calculation
method was created with the purpose of subsequent calculation of the thermo-hydraulic
efficiency of straight-through cylindrical steam generators and was implemented in the
form of a computational program.
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