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METHODS FOR QUALIFYING THE THERMODYNAMIC
STABILITY OF SAFETY VALVES AND STEAM DUMP
DEVICES OF NUCLEAR POWER PLANTS

B. Cranosybos, I0. Kayapcokuii, I, /lepbenvos, €. Mazyp, B. Kounesa. Metoau kBastidikauii TepMOIMHAMIYHOI CTIHKOCTI 3an001KHUX KiIaNaHiB
Ta NMAPOCKHIATLHUX MPHCTPOIB STIEPHAX EHEProyCTAHOBOK. AHAT3 BiIOMUX PO3pOOOK Y HANpsMKAX aHAT3y HAAIHOCTI 3arOODKHUX KIIAllaHiB i
TAPOCKUIATHHUX TIPUCTPOIB PEAKTOpa Ta IMAapOreHEPaTopiB SICPHHUX eHeproycTaHoBok 3 BBEP BcTaHOBMB HEOOXiNHICT PO3PaxyHKOBOI KBati(hikarii
3aro0DKHUX KIIAMaHIB 1 NApOCKUIAIBHUX MPUCTPOIB B YMOBAX aBAPIiHUX PEKMMIB, SIKi He mepen0adeHi eKCIUTyaTalliifHIMU BHIPOOYBAHHAMU SIICPHUX
eHeproycraHoBoK. OIHMM 3 TAKMX IUTAHb € BHM3HAYCHHS YMOB IMITYJIBCHOI Ta KOJHMBIGHOI TEPMOIMHAMIYHOI HECTIMKOCTI 3aMOODKHUX KJIamnaHiB i
MAPOCKMIATHHUX MPUCTPOIB y aBapiiiHuX pexxumax. Hacmiakamu TepMOAMHAMIMHOI HECTIHKOCTI MOKe OyTH MOPYILIEHHS BUKOHAHHS KPUTHYHHX (DyHKLIH
0e3MeKy B yMOBaX YIPaBITiHHs aBapisiMi. ExcriepimeHTabHa Kai(ikariis 3armo0bKHUX KIIaraHiB 1 MapoCKUAAIBHIX TPHCTPOIB B aBapiiHUX yMOBaX HE €
MOXIMBOIO, TOMy TOTpiOHa po3paxyHkoBa Kpamiikaris. HeoOXimHICTE po3paxyHKOBOI KBamiQikaili TAKOXK aKTyalbHa y 3B’SI3KY 3 NEPCHEKTHBHHMU
TpOrpamMamy eKCIUTyaTaril peakTopiB B yMOBAX ITi/IBUIIICHOI TPUBAJIOCT] MATIMBHIX KaMIIaHii, B IKMX 3MEHIITYEThCS KUTbKICTh BUPOOYBAHb ITACHBHUX CHCTEM
0e3MeKH y IIIaHOBI PEMOHTH eHepro0IoKiB. Po3po0iieHo MeTox KBai(ikarlii poITyCKHOI CIPOMOYKHOCTI 3ar00LKHUX KIalaHiB 1 MApOCKHIAIBHIX IPHCTPOIB
TIACHBHHX CHCTEeM OE3MEKH SICPHUX EHEProyCTAHOBOK B YMOBAX IMITyJIECHOI Ta KOJMBIGHOI TEPMOIMHAMIYHOT HeCTIHKOCTI. BeTaHOBNIEHO HEOOXiHY YMOBY
IMITYJIECHOI TEPMOJIMHAMIYHOI HECTIHKOCTI — ()OPMYBAHHS TPAHC3BYKOBOTO PEXKHMY IOTOKY POOOYOro CepeloBHINA B KOH(Y3OPHIH 30HI 3amoODKHMX
KJIanaHiB/MapOCKUIATBHUX TMPUCTPOiB. Hacmigky IMITysIbCHOI TepMOIMHAMIYHOI HECTIMKOCTI — TiIPOIMHAMIYHMN «yJapy BHACIIIOK TMEPETBOPECHHS
KIHCTUMHOI eHepril TOTOKY Y BHYTPILIHIO €HEprilo TiIPOJMHAMIYHOIO «yZapy» Ta TaIbMyBaHHs ITOTOKY. BI3HAYeHO MaKCHMalbHY aMIULTYIY THCKY
TiIPOMHAMIYHOTO «yJapy» BHACIIIOK IMITYJIBCHOI TEPMOMHAMIYHOI HECTIMKOCTI MPU MOBHOMY TaJIbMyBaHHI MOTOKY. BCTaHOBNEHO yMOBH 1 HacImiiku
KOJIMBAJIGHOI TEPMOJIMHAMIYHOI HECTIKOCTI B JIO3BYKOBHX PE&KMMAX MOTOKY B MPOTOYHMX 30HAX 3AMOODKHUX KIIANAaHIB/MAPOCKUAAILHHUX MPHUCTPOIB HA
OCHOBI (DyHIAMEHTAIILHOTO IPHHLIMITY TEPMOAMHAMIYHOI HECTIHKOCTI piBHOBOXHMX cuicTeM. Ha Gasi po3poOieHoro merona kBamdikariii mporrycKHOL
CIIPOMOYKHOCTI 3aMOODKHUX  KJIAIaHiB/MapOCKUIATBHIX TIPUCTPOIB BU3HAYCHO YMOBH 1 ITIXO[M 3a0€3MEUEHHS] TePMOJMHAMIYHOI CTIMKOCTI TIOTOKY B
TMPOTOYHKX 30HAX 3aN00DKHIX KIIAMaHiB/ HAPOCKHUIAIBHKX IPUCTPOIB Ta 3ar00iraHHs I IPOIMHAMIYHUM «yAapam.

Kimouoei cnosa: kBasiikaryist, TacHBHA CHCTeMa Oe3IeKH, apMaTypa, PeakTop, IaporeHepaTop, TePMOIMHAMIYHA CTIHKICTb, sIePHA €HEProyCTAHOBKA

V. Skalozubov, Iu. Katsarskyi, H. Derbenov, Ye. Mazur, V. Kochnieva. Methods for qualifying the thermodynamic stability of safety valves and
steam dump devices of nuclear power plants. Analysis of known developments in reliability analysis of safety valves and steam dump devices of reactors and
steam generators of nuclear power plants with VVER has recognized the need for calculation qualification of safety valves and steam dump devices under
emergency conditions that are not provided for operational tests of nuclear power plants. One of such problems is determining the conditions for pulse and
oscillatory thermodynamic instability of safety valves and steam dump devices under emergency conditions. The consequences of thermodynamic instability
may be a violation of the performance of critical safety functions under accident management conditions. Experimental qualification of safety valves and steam
dump devices under emergency conditions is not possible, therefore calculation qualification is required. The need for calculation qualification is also relevant for
prospective programs for reactor operation in conditions of extended fuel campaign time, when the number of tests of passive safety systems during scheduled
repairs of power units is reduced. A method for qualifying the throughflow capacity of safety valves and steam dump devices of passive safety systems of
nuclear power plants under conditions of pulsed and oscillatory thermodynamic instability has been developed. A necessary condition for pulsed thermodynamic
instability has been established. It is the formation of a transonic flow regime of the operating medium in the confusion zone of safety valves/steam dump
devices. The consequences of pulsed thermodynamic instability are water “hummer” due to the conversion of kinetic energy of the flow into the internal energy
of the water “hummer” and flow stagnation. The maximum pressure amplitude of the water “hummer” due to pulsed thermodynamic instability with complete
flow stagnation has been determined. The conditions and consequences of oscillatory thermodynamic instability in subsonic flow regimes in the flow zones of
safety valves/steam dump devices have been found based on the fundamental principle of thermodynamic instability of equilibrium systems. Based on the
developed method for qualifying the throughflow capacity of safety valves/steam dump devices, the conditions and approaches for ensuring thermodynamic
flow stability in the flow zones of safety valves/steam dump devices and preventing water “hummers” have been determined.

Keywords: qualification, passive safety system, armature, reactor, steam generator, thermodynamic stability, nuclear power plant

Introduction

Safety valves and spray devices of safety systems of nuclear power plants (NPP) are designed to
prevent the destruction of equipment enclosures and pipelines of systems important for safety, as well
as, if necessary, for accident management [1 — 5].

The safety valves of the pulse-safety device of the pressure compensator ensure the integrity of
the reactor vessel and internal vessel devices at a pressure in the reactor circuit greater than the maxi-
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mum permissible value.

Safety valves of steam generators ensure the integrity of the body and internal devices of the
steam generator at a pressure in the volume of the steam generator greater than the maximum permis-
sible value.

Steam boilers of steam generators (high-speed reduction units for discharging steam from the
steam generator to the environment/turbine condenser) regulate the pressure in the volume of the
steam generator during emergency modes.

The main mode of operation of safety valves/vaporizers of safety systems is the “standby” mode
of performing the necessary safety functions. Therefore, the technological regulations for the safe op-
eration of nuclear power plants with VVER [2] provide for experimental qualification (justification) of
operability and reliability of safety valves/vapor discharge devices of safety systems when performing
the necessary safety functions by periodic operational tests during the periods of planned preventive
maintenance (PM) of NPP power units.

The need to conduct operational tests of safety valves/vapor discharge devices of safety systems
only during PM is due to the fact that the operation of safety valves/vapor discharge devices during
operational tests actually corresponds to “artificial” emergencies with leaks in the reactor circuit and in
the volume of the steam generator in the operating modes of the nuclear power plant.

The conditions for conducting operational tests by opening safety valves/vapor dumping devices
during the PM may generally not correspond to the real conditions of emergency modes. For example,
operational tests for opening safety valves/steam discharge devices of a steam generator during the PM
are carried out on a steam-air environment. In the event of an accident with intercircuit leaks of the cool-
ant into the volume of the steam generator, it may be necessary to qualify the reliable throughput of the
safety valves/vapor discharge devices of the steam generator in the conditions of liquid phase or two-
phase flow entering the working bodies of the safety valves/vapor discharge devices. Another typical
example is related to the consequences of the accident at the Rivne NPP in 2009 during operational tests
of the safety valves of the pulse-fuse device of the pressure compensator during the PM in the reactor hot
shutdown mode. In the process of operational tests, after opening the safety valves of the pulse-fuse de-
vice of the pressure compensator, there was a failure to close the safety valves, which led to the release
of the coolant under the nominal pressure into the pressurized volume of the nuclear power plant.

Thus, it is relevant to develop analytical (calculated) methods for qualifying the operability and
reliability of safety valves/steam dumping devices of safety systems in conditions as close as possible
to emergency modes of nuclear power plants.

The prospects for the nuclear power industry of Ukraine to switch to an 18-month fuel campaign
of nuclear power plants with VVER also determine both the need to modernize the strategy of opera-
tional tests of safety valves/vapor discharge devices during the PM, and the development of analytical
methods for the qualification of safety valves/vapor discharge devices of safety systems.

In the presented paper, a new deterministic method for qualifying the throughput capacity of
safety valves/steam discharge devices of safety systems of nuclear power plants under conditions of
thermodynamic instability has been developed.

Analysis of known literature data and problem statement

Most of the works on the study of the influence of hydrodynamic “shocks” on the throughput of
valves (analytical reviews of these works are given, for example, in [1 — 4] are based on the well-
known formula of M.E. Zhukovsky for determining the maximum amplitude of water hammer AP, at
complete flow braking:

APg <pav, (D

where p; — Fluid density; a1 — Speed of sound; v; — flow rate to water hammer.

Analysis of the validity of formula (1) for the conditions of safety valves/vapor dispensing devic-
es allows us to make the following basic comments.

1. Formula (1) takes into account only the effect of fluid compressibility (parameter @; ) on AP,.
However, the dominant effect during a water hammer may be the conversion of the kinetic energy of
the flow into the internal energy of the water hammer impulse [5].

2. Formula (1) does not generally determine the causes and conditions of water hammer [7].

In works [6, 7, 8], water hammer in the channels of active safety systems of nuclear power plants
was modelled as a result of hydrodynamic oscillatory instability of flow in transitional modes of pump
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start-up. These works established that the occurrence of water hammer due to hydrodynamic flow in-
stability is determined by the inertia of the “delayed” response of the pressure-flow characteristics of
pumps to sufficiently “rapid” changes in flow rates in transient modes.

However, the causes and conditions of water hammer due to hydrodynamic instability of flows in
the flow zones of safety valves/vapor dispensers of passive safety systems may differ significantly
from the corresponding conditions in the channels of active safety systems (with pumps).

In the papers [9,10], the issues of conditions and consequences of high-frequency thermodynamic
instability of the coolant (thermoacoustic instability) in the reactor core were studied. It has been es-
tablished that the conditions for the occurrence of thermoacoustic instability are the inertia of heat-
mass exchange processes of vapor phase condensation in acoustic disturbances (waves) of the coolant.
Under conditions of thermoacoustic instability in the core of the VVER reactor, the maximum ampli-
tudes of pressure fluctuations can reach 50% of the average value, and the fundamental frequency of
oscillations (1st harmonic) is several hundred Hertz. At such parameters of thermoacoustic instability,
high-frequency and high-amplitude hydrodynamic actions (water hammers) occur on the reactor in-
vessel devices (including fuel rods).

However, the causes and conditions of thermodynamic instability in the reactor core can differ
significantly from the conditions for the occurrence of thermodynamic instability in the flow zones of
safety valves/steaming devices.

Thus, it is relevant to develop deterministic methods for analyzing the conditions and conse-
quences of water hammer due to various types of thermodynamic instability in the systems of safety
valves/vapor dumping devices.

The aim of the study is to develop a method for assessing the reliability of safety valves and
steam release devices in VVER nuclear power plant safety systems under conditions of thermodynam-
ic instability.

Main tasks

1. Analysis of known approaches/methods for qualifying the reliability of systems important for
nuclear reactor safety.

2. Development of the main provisions of an alternative method for qualifying the reliability of
safety valves and steam release devices under conditions of thermodynamic instability.

3. Analysis of the results obtained and practical recommendations.

Method for qualifying the flow capacity of safety valves/steam traps

Key assumptions and assumptions:

1. The flow zone model of safety valves/steam traps is conditionally divided into a confuser zone
(K), a working body zone (O) and a diffuser zone (D) (Fig. 1a).

2. Conditions of thermodynamic instability are modelled in two modes of working medium flow
in the flow zones of safety valves/steam traps:

— transonic flow mode in the confluence zone (Fig. 15);

— subsonic flow mode (Fig. 1¢).

3. In the confluence zone, the average flow velocity v increases due to a decrease in the cross-
sectional area F(z) and reaches its maximum value in the working body zone (O). Pressure P decreases
due to an increase in flow velocity and reaches its minimum value in the working body zone.

4. When the flow velocity v is reached in zone O, the sound velocity v, (the speed of propagation
of acoustic disturbances in the flow) creates conditions for transonic flow of the working medium in
safety valves/steam traps (see Fig. 1) [1, 2, 3]:

Mz=1)=2C=L 5y )
v,(z=Ly)
where M — Mach criterion, Lx — confusion zone length.

When the transonic regime condition (2) is reached, impulse flow deceleration occurs and condi-
tions for a water hammer with an impulse pressure increase arise, and the kinetic energy of flow de-
celeration is converted into the energy of the water hammer impulse [10]. Consequences of transonic
flow regime — conditions of water hammer due to impulsive thermodynamic instability and corre-
sponding impulsive reduction in the throughput capacity of safety valves/steam traps.

5. At subsonic flow regimes of the working medium (M<1), conditions of oscillatory thermody-
namic instability may arise in the flow zones of safety valves/steam blowdown devices (see Fig. 1¢).
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Fig. 1. Models of impulse thermodynamic and oscillatory thermodynamic instability in safety valves/steam traps:
safety valve/steam trap model (a): K — confuser zone, O — working body zone, D — diffuser zone; model of impulse
thermodynamic instability (») and oscillatory thermodynamic instability (c): / — pressure P, 2 — velocity v

The conditions for the occurrence of oscillatory thermodynamic instability in the flow zones of
safety valves/steam blowdown devices are determined based on the fundamental principle of thermo-
dynamic instability of systems in equilibrium [1 — 6]:

oP

—>0, 3

5 3)
where 0P, 6v — simultaneous deviation from the equilibrium state of pressure and flow velocity in the

system.
Pressure and velocity fluctuations occur in antiphase (see Fig. 1), and the frequency of fluctua-
tions o [1, 2, 3]:

o~v/L,, 4)

where Lo — total length of the flow zone of the safety valve/steam trap.

The occurrence of oscillatory thermodynamic instability violates the conditions of normal
throughput capacity of safety valves/steam release devices, and in extreme cases can lead to pulsating
thermodynamic instability with complete flow inhibition.

Based on the presented provisions, the conditions for thermodynamic stability of the throughput
capacity of safety valves/steam release devices:

M(z=L,)<l1, (5)
5P
=<0 (6)

Under conservative assumptions of no irreversible thermal and hydraulic losses in the confuser
zone, the equations of conservation of mass, momentum, and energy in the format of parameters dis-
tributed along the length of the K-zone in a steady-state homogeneous condition [1, 2, 3]:

dipvF) _
dz =0, ™
d(pv’ F)zd(PF) ()
dz dz
d(piF)zd(PF) ©)
dz dz

where p = pi — (p1— pv)@, p1, pv — density of liquid and vapour phases, ¢ =i — ii/(iy — i1) — vapour content
parameter, i, i, iy — specific enthalpy of flow, liquid and vapour phases, P — pressure, v — average flow
rate, F(z) — area of the confluent zone’s passage cross-section, z — longitudinal coordinate.

After transformations (6) — (8), we obtain:

dv dP di  dF _

—+a,—+a,—+a,—=0, 10

“ dz “ dz “ dz . dz (19)

blﬂ+b2d—P+b3ﬂ+b4d—F=O, (11)
dz dz dz
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R (12)
dz dz

where a1 = pF, a> = vE/N?, as = vEOp/oi, as = pv, b1 = 2vpF, by = (M* — 1)F, by = v*F0,/0;, bs = pv* — P,
c1 = pF + iFoplo;, ¢ = iF/v? — F, c3 = ba, v = dP/dp [1].

After transforming equations (10) — (12), the system of nonlinear differential equations in dimen-
sionless format:

%z K,[v(2),P(2),i(2),F(2)], =
‘:;_f: K,[v(2),P(2),i(z),F(z)], (14
?: Lv(2),P(2),i(2), F(2)], (13)
Z
v(z=0)=1, (16)
P(z=0)=1, {1n
i(z=0)=1, (18)

wherev=v/v,, P=P/P,i=ili(9,), z=z/L,,vo, Po, io, po — working medium flow parameters at

the inlet to the flow zone of safety valves/steam traps.
Solutions to equations (13)—(18) in general form:

V(L) =1+ jSdez, (19)
P(L)=1+ j K,dz, (20)
i(L)=1+ fK,.dz. Q1)

Then the conditions for impulsive thermodynamic instability (2):
Ly
[Kdz2v, -1, (22)
0
where v, =v L /v,.

In general, solutions (19) — (22) can be obtained by numerical methods of integrating nonlinear
differential equations (13)—(18).

The maximum pressure pulse of the water hammer AP, due to the condition of impulse thermo-
dynamic instability (22) is determined by the conversion of the kinetic energy of flow deceleration v,
into the energy of the water hammer pulse Apje.

In the extreme case (complete flow stoppage):

Ly _dpi)
pv. =A(pi,) = d—}','APg. (23)
From (23) follows the maximum pressure pulse of the water hammer:
d(pi )}1 :
AP =| ——=| pv.. 24
g |: dP p a ( )

Formula (24) for determining the maximum pressure pulse of a water hammer due to impulsive
thermodynamic instability in safety valves/steam traps differs significantly from the corresponding
Zhukovsky formula (1).

The conditions for impulse thermodynamic stability in safety valves/steam release devices follow
from (22):
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[Kdz<v,-1. (25)
0

The conditions for oscillatory thermodynamic instability in the flow zone of safety valves/steam
traps are determined for subsonic conditions.

Equations of motion and energy conservation in the flow zones of safety valves/steam traps in
equilibrium [1, 2, 3]:

G2
hoh=tim =0 29
G(io - iA) = gp_lLoGZ’ (27)

where G =pvF, — mass flow rate of the working medium, Fiuin — minimum cross-sectional area in the

flow section of safety valves/steam traps, & — parameter (hydraulic resistance coefficient), Lo— total
length of the flow section of safety valves/steam traps, P4, i4 — pressure and specific enthalpy of the
working medium at the outlet of safety valves/steam traps.

When assuming 0(P, — P,)/0G =0(P,— P,)/ 0P = 0 equations (26) and (27) in the format of sim-
ultaneous fluctuation-independent deviations 0G << G and 0P << P:

ASP = A,8G, (28)
BSP = B,5G, (29)
where:

-1
4=c4P ) (30)

dp
A, =-2Gp™, (31)

. d(p”

B =Gli,~i,)-eLG T, (32)
Bz = ngilLoG - (io - iA) . (33)

Equations (28) and (29) give rise to the conditions for the oscillatory thermodynamic stability of
safety valves/steam traps [1 — 6].

a—P=i<o, (34)
0G 4,

F_B (35)
oG B

Analysis of the results obtained

1. The obtained conditions for thermodynamic stability of the working medium in the passage
zone (25), (34), (35), which ensure the necessary throughput capacity of safety valves/steam blow-
down devices, can be determined in general by numerical integration using the Runge—Kutta method
for given initial conditions (16)—(18) and design and technical parameters (Lk,Lo,F(2),5).

2. Regulation of thermodynamic stability conditions can be ensured by modernis-
ing/reconstructing the structural and technical parameters of safety valves/steam traps.

3. The maximum pressure pulse of a water hammer with complete flow braking (lack of through-
put capacity of safety valves/steam traps) due to pulsed thermodynamic instability is determined by
the conversion of the kinetic energy of the flow into the energy of the water hammer pulse (24). Un-
like the well-known Zhukovsky formula (1), the solution obtained takes into account the causes and
conditions of water hammer occurrence, as well as the combined effect of energy effects and liquid
phase compressibility on the maximum amplitude of water hammer back pressure.

4. Analysis of equations (13) — (15) for forming conditions of water hammer due to impulse
thermodynamic instability in the confluence zone of safety valves/steam traps established the follow-
ing.
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The velocity gradient along the length of the confluence zone increases in proportion to the gra-
dient of the cross-sectional area change:

Lo, (36)

The flow velocity reaches its maximum value in the area with the minimum cross-sectional area
F min-.

In extreme cases, under certain conditions, the flow velocity reaches the speed of sound at this in-
tersection (see Fig. 15):

M=v/v,=1. (37)
Pressure gradient along the length of the confluence zone:
dp_dvjdz) (38)
dz (1-M")

when transonic mode is reached (37) according to (38), there is a sudden increase in back pressure in the
Fhin cross-section (water hammer condition) and a corresponding deceleration of the flow (see Fig. 1b).

In the extreme case of complete flow deceleration, the maximum amplitude of the counterpres-
sure pulse can be determined using formula (24).

5. The conditions of oscillatory thermodynamic instability in subsonic flow regimes are deter-
mined by the effects of simultancous independent fluctuation deviations (disturbances) in pressure 6P
and flow rate G on the thermodynamic state of the system.

Let us consider a specific case of simultaneous fluctuation increase in pressure 1P and flow rate 176G.

The consequence of 10P in a thermodynamic equilibrium state should be a corresponding de-
crease in flow rate |0Gp. However, in the case of 106G > ||dGp|, the total relative flow rate will in-
crease with a relative increase in pressure — the system is in an unstable thermodynamic equilibrium
state (3) and conditions of oscillatory thermodynamic instability arise with an oscillation frequency (4)
(see Fig. 1¢).

In the case of 10G<||0Gp|, the system is in a stable equilibrium thermodynamic state (34), (35)
and the amplitudes of the initial fluctuation deviations of the thermodynamic parameters decrease.

In the case of 16G=||3Gp|, the system is at the boundary of the region of oscillatory thermody-
namic instability.

Thus, the conditions of thermodynamic stability in subsonic modes are determined by the actual
thermodynamic state of the system, which is reflected in the values of parameters A1, 4>, Bi, B> in
formulas (34), (39).

Conclusions

1. A method has been developed for qualifying the throughput capacity of safety valves and
steam release devices in passive safety systems of nuclear power plants under conditions of pulsating
and oscillatory thermodynamic instability.

2. The necessary condition for impulse thermodynamic instability has been established — the for-
mation of a transonic flow regime of the working medium in the confluence zone of safety
valves/steam ejectors.

The consequences of pulsed thermodynamic instability are a hydrodynamic "shock" due to the
conversion of the kinetic energy of the flow into the internal energy of the hydrodynamic "shock" and
the deceleration of the flow. The maximum pressure amplitude of the hydrodynamic "shock" due to
pulsational thermodynamic instability at full flow deceleration has been determined.

3. The conditions and consequences of oscillatory thermodynamic instability in subsonic flow re-
gimes in the flow zones of safety valves/steam blowdown devices have been established based on the
fundamental principle of thermodynamic instability of equilibrium systems.

4. Based on the developed method for qualifying the throughput capacity of safety valves/steam
traps, conditions and approaches have been determined to ensure thermodynamic stability of flow in
the flow zones of safety valves/steam traps and to prevent hydrodynamic “shocks”.
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