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Abstract

In order to substantiate the design characteristics of the steam generator of the BREST-OD-300 reactor plant developed at NIKIET JSC, the IPPE JSC carried out thermo-hydraulic tests of various models of the lead-heated steam generator. Initially, a model of a helically coiled steam generator was tested. It consisted of two three-tube modules with a longitudinal lead flow around a bundle of heat-transfer tubes. The influence of operating parameters on thermo-hydraulic characteristics and hydrodynamic stability is shown in the case of operation of one module, as well as in the joint operation of two models in the investigated range of operating parameters. At the second stage, the standard steam generator model of the BREST-OD-300 RP was tested with lead flowing around 18 heat-transfer coiled tubes. The model consisted of two collectors, each of them included a bundle of nine heat-transfer tubes. The boundary of thermo-hydraulic stability has been experimentally confirmed. The tests were carried out in a wide range of changes in operating parameters. During the tests, there were no noises inherent in unstable operating modes of the circuit. There were no pulsations of water and steam temperature at the collectors’ inlet and outlet, respectively. At high lead temperatures, the superheated steam temperature was always close to the lead inlet temperature. The tests carried out showed the absence of thermo-hydraulic instability, both in the case of longitudinal and transverse flowing of a liquid-metal coolant around the steam-generating tubes in the investigated range of lead and water parameters. A series of works devoted to the study of heat transfer from the lead coolant with a transverse flow around a bundle of heat-transfer tubes has been completed. A model with a transverse lead flow around the steam-generating tubes has been created. It was used to study the effect of the oxygen concentration in lead on heat transfer in normal heat transfer conditions.
1. INTRODUCTION
The concept for developing the nuclear power industry in Russia involves, among other things, application of the closed nuclear fuel cycle technology, which can be implemented only on the basis of fast-neutron reactors [1]. The BREST-OD-300 reactor plant (RP), which is under development at the Dollezhal Research and Development Institute of Power Engineering (NIKIET), is one of possible versions of a fast-neutron reactor plant, for which lead has been selected as reactor coolant [2]. The steam generator (SG) version adopted for this plant uses helical tubes arranged in coils.
The advantages of steam generators made in the form of helically coiled tubes in comparison with the straight tubes are obvious. These advantages are compactness, reduced metal consumption, solution of the problem of temperature expansion. Coiled tubes are used in heat-exchange equipment not only to increase the heat exchange surface and to solve the problem of thermal expansion, but also to increase the coefficient of heat transfer to the liquid flowing inside the tubes. A steam generator with coiled tubes was tested at the BOR-60 unit (USSR); the micro-modular steam generators of the Phoenix NPP were in the form of flat S-shaped coils and the Super-Phenix NPP (France) and Enrico Fermi NPP (USA) also had coil-type steam generators.
To substantiate operability of any steam generator (SG), it is necessary to prove its design characteristics. It can be performed by calculation, if there are convincing experimental data that prove the correlations used in the calculation codes. If there are no provided correlations, it is necessary to perform experimental study at the models of a standard SG. The latter is true for the case of the BREST-OD-300 RP steam generator. Another aspect that requires experimental studies is hydrodynamic stability of the steam generating channel in a wide range of variations of the operating parameters, i.e. from start-up conditions to the normal operation of the steam generator. 
To perform the tests to substantiate a full-scale steam generator, the steam generator model (version 2000) was developed in the OKB “GIDROPRESS”. This model consists of two identical three-tube sections (modules) with longitudinal coolant flow, although in the real steam generator design the heating coolant has a down-flow configuration. However, it is difficult to arrange similar flow in the model with a small number of steam-generating tubes. In terms of its design characteristics (elevation marks, media motion: the downcomer section is a straight tube, the riser section is a coiled tube), the SG model is as close to the design of the BREST-OD-300 RU steam generator of those years as possible.
The test program of the SG model was aimed at studying heat transfer and thermal-hydraulic stability of the steam generating tubes during operation of one module, as well as at identifying flow pulsations in the secondary circuit due to parallel (joint) operation of two modules with the parameters of partial and startup modes. 
However, the insufficient number of heat-transfer tubes in the module (only three) does not allow us to make a conclusion about the ensured complete hydrodynamic stability for the SG of the BREST-OD-300 RP in the entire possible range of operating modes. On the other hand, in the real SG design, the heating coolant has the downflow close to the transverse flow. The geometric characteristics of the helically coiled steam generator of the version of the year 2000 differ from those laid down in the current design of the steam generator of this RP (different dimensions of the heat-transfer tube, other pitches of the in-line arrangement of these tubes, a different inclination angle of the tubes relative to the horizon). Insufficient argumentation for transferring the results obtained in the experiments with a model with a longitudinal flow of coolants to a full-scale SG served as the basis for the need to conduct tests with a multi-tube model of a standard SG, the design of which was carried out in Podolsk.
2. EXPERIMENTAL MODELS AND test FACILITY LOOP
2.1.	Lead loop of the test facility
To carry out tests for the steam generator of the BREST-OD-300 RP, a lead loop was arranged for the first time in the world at the SPRUT test facility, which makes it possible to perform tests and experiments with various models of steam generators heated by any liquid metal coolant. The main characteristics of the SPRUT test facility are shown in Table 1. 
TABLE 1. CHARACTERISTICS OF THE SPRUT TEST FACILITY
	Parameter
	Value

	Inlet coolant temperature of the models, С
	up to 550

	Feed water temperature, С
	above 180

	Outlet water vapor temperature of the models, С
	up to 550

	Water pressure, MPa
	up to 30

	Maximum coolant flow rate, m3/h
	40

	Maximum water flow rate, m3/h
	8

	Power (electric), MWt
	up to 1.0


The schematic diagram of the lead loop of the test facility is shown in Fig. 1. The diagram indicates the location of loop thermocouples, valves and some other equipment.
Either a two-section model with longitudinal flow of coolants, or an 18-tube fragment model, or a model with transverse flow of lead was arranged as a model of the steam generator. 


[image: ]
FIG. 1. Schematic diagram of the lead loop of the SPRUT test facility with a steam generator model.

For lead purification from oxygen, there is a coolant technology system in the circuit. Lead is purified by ejecting an argon-hydrogen mixture of a given composition into lead in the course of its circulation in the loop. Lead purity is controlled by means of oxygen thermodynamic activity (OAS) sensors installed at the inlet and outlet of the model.
Lead flow rate is measured by a magnetic flow meter and a volumetric method with the use of a measuring tank. The liquid metal lead circuit has an expansion tank and a loading tank.

2.2.	Steam generator models

The first SG model with longitudinal flow of coolants consisted of two identical three-tube modules (Fig. 2a). The coil average diameter of the heat-transfer tubes of the full-size steam generator of the BREST-OD-300 RF (1600 mm) is chosen as a diameter of the coil of the three-tube bundle. Collector elevation marks correspond to the full-size steam generator, the material of the heat-transfer tubes corresponds to the material of the full-size steam-generating tubes used in the BREST-OD-300 RP (design of the year 2000.). Each module consists of a downcomer section, through which up to 5% of the total lead flow is pumped, and a helical riser section where the main lead flow is pumped. There are 15 spacers located at 750 mm from each other along the helical tube.
To measure the temperature of the shell, the model is equipped with thermocouples located with a variable pitch.
The flow of coolants in the coiled section was parallel, i.e. lead moved downwards along the annular gap formed by the model shell and the heat-transfer tube, and water moved upwards inside the tube.
The purpose of testing the two-section model of a steam generator was to confirm the design characteristics of the secondary circuit, and to identify possible pulsation modes of operation of the secondary circuit in the entire range of operating parameters, especially in the conditions of operation of two modules (sections).
The multi-tube (fragment) thermo-hydraulic model of the RP BREST-OD-300 steam generator consists of 18 helically coiled steam generating tubes located on one conditional diameter (a spiral with 18 turns), Fig. 2b. To simulate coil winding, the coiled tubes were divided into two groups, nine tubes in each group, and the design of the model allowed tests with both 18 and 9 tubes.




FIG. 2. Steam generator models.
The steam generator model was developed in Podolsk. The total height of tube bundle is less than the real one due to shortening of the tubes above the maximum level of lead in SG, where the temperature of feed water is almost constant. Simulation of hydraulic resistance of the missing part of the tubes is carried out by means of throttle devices located immediately after the feed water collector at each downcomer inlet.
Depending on the model test conditions, a different number of tubes are involved: 9 tubes at the parameters of nominal operating conditions, 18 tubes under the conditions of partial modes. Spacing of heat-transfer tubes in the helical riser section is carried out by means of spacer grids uniformly arranged along the perimeter. 
 (
b
)Medium motion: direct flow in the straight downcomer section of the heat-transfer tubes (for water) and counter flow in the helical riser section (for steam-water mixture and steam). The steam is collected in one or two collectors (depending on the operation modes – 100% or 50% of nominal power) and through the outlet nozzles vapor is supplied to the condensers and coolers of the SPRUT test facility.
The main purpose of the fragment model testing was to study hydrodynamic stability of steam-generating tubes and the entire model under the conditions of simultaneous operation of nine or eighteen steam generating channels.
3. RESuLTS OF STEAM GENERATOR MODELS’ TESTING
Experimental investigation of three-tube SG module operation was aimed at confirming the design characteristics of the steam generator in different modes of its operation. With constant lead coolant operating parameters, at constant pressure in the water circuit (~ 18 MPa) and constant inlet water temperature in the model (340 C), the SG behavior was investigated at different water flow rates: 80%, 100% and 120% of the nominal value.
As an example, Fig. 3a shows the distribution of the three-tube module shell temperature at the inlet water pressure of 18 MPa and temperature of 340 C for one of the design modes. At the same mode parameters, the tests were carried out at supercritical pressure (SCP) of 25 MPa (see Fig. 3b). 
From the shell temperature distribution at water pressure of 18 MPa, it is clearly seen that there is a steam superheating region with a low heat transfer coefficient that covers the most part of the riser section. At the SCP values, the module shell and, thus, the heat-transfer tubes are less loaded (in terms of temperature) than at subcritical pressure. 
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●– inlet/outlet of lead; ▲ – inlet/outlet of water/steam; ○ , △ – shell temperature
FIG. 3. Distribution of adiabatic wall temperature along the model length at a pressure of 18 (a), 25 MPa (b), [3].

The tests which were carried out at the parameters corresponding to the nominal operating mode showed that outlet vapor temperature values were in line with its design value under different levels of feed water pressure.
The purpose of testing the three-tube module at low water flow rates was to identify possible pulsation modes of the secondary circuit operation, to determine the origination boundary for such modes. It should be noted that throttling devices were not installed at the feed water inlet in the steam generating tubes in this model. No fluctuation of feed water pressure and flow rate related to hydraulic instability of steam-generating tubes were observed during testing in the entire variation range of operating parameters, both in the partial-load (water flow rate variation from 20% to 80% of the nominal value) and startup (water flow rate variation from 30% to 4% of the nominal value) modes of operation [4]. Figure 4 shows the time variation of water flow rate in one of the startup modes.
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FIG. 4. Fragment of time recording of water flow rate for the three-tube module.

The aim of testing the SG model with join operation of two three-tube modules was to reveal pulsations in the secondary coolant circuit due to joint operation of the modules. The joint operation of the modules was studied at the parameters of startup modes, with a given imbalance in the lead or water flow through the modules.
Figure 5 shows a fragment of the recording of water flow through the modules when they work together in one of the startup modes.
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FIG. 5. Fragment of time recording of water flow rate for modules No. 1 and No. 2.

The tests carried out showed that the magnitude of water flow rate pulsation in the course of joint operation of two modules was less than the magnitude of its pulsation during the tests of one module [5]. The main reason for it consists in the fact that, due to the need to measure water flow rate in each module, pressure sensors were installed in a set with throttling orifices in each module. This led to throttling of the feed water flow at the inlet to the modules. No pulsation modes that could cause circulation reversal in the secondary coolant circuit were revealed. Feed water flow rate fluctuation that was observed at the SG module inlet was due to the operating conditions of the module and the entire lead test facility as a whole.
The results of testing the SG model with longitudinal flow of coolants gave the extensive information about heat transfer in different zones of the steam generating tube under various operating conditions. However, the insufficient number of heat-transfer tubes in the module (only three) did not allow us to make the conclusion that the complete hydrodynamic stability is ensured for the BREST SG in the entire possible range of operation modes. Insufficient argumentation for transferring the heat transfer processes obtained in tests [3, 4] to the full-scale SG served as the basis for conducting tests with the multi-tube model of a standard steam generator.
The advantages of this or that way of heat removal by steam generating tubes can be estimated by comparing the integral characteristics, i.e. to compare the vapor temperature at the outlet of each model, with all other conditions being equal. Two regimes relating to the parameters of startup modes were selected, in which the flow rates of water and lead per one steam-generating tube were almost identical (Fig. 6). 

	
	



FIG. 6. Temperature distribution on the shell of helically coiled (a) and fragment (b) models (see Fig. 3.).

The inlet values of lead temperature as well as the initial temperatures of feed water were insignificantly different. Figure 6a (from [6]) shows the temperature distribution on the shell of coiled model, and Figure 6b (from [7]) shows the temperature distribution along the height of fragment model.
From the temperature distributions shown in Figure 6, it can be seen how efficient heat transfer is at low feed water flow rates in the case of transverse (oblique) flow over heat-transfer tubes in comparison with longitudinal flow. With oblique flow around the steam generating tubes, the temperature values of superheated vapor is closer to the inlet temperature value of lead. The difference between these temperatures is 13 C, and vapor superheat is 76 C. In the case of longitudinal flow over the heat-transfer tubes, the difference between the lead inlet temperature and vapor outlet temperature is 46 C, and vapor superheat is only 28 C.
Throttling devices were installed at the inlet of each steam generating tube of the fragment model. Therefore, it can be said that the conditions for the hydrodynamic tests of the fragment model were significantly less stressed compared to the two-section model of the steam generator. Figures 7 and 8 show how the water circuit characteristics vary in time (feed water flow rate through the model and feed water pressure at the inlet to the collectors) when two collectors (18 steam generating tubes) operate together.


FIG. 7. Fragment of time recording of water flow rate.
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FIG. 8. Fragment of time recording of water pressure in collectors No. 1 (a) and No. 2 (b).

Despite the fact that the water inlet temperature of the collectors differed from the saturation temperature by less than 5 °C at a given pressure, i.е. boiling took place in the downcomer leg of the steam generating tube, no pulsation of the water flow rate at the collector inlet that could indicate thermal-hydraulic instability, to say nothing of circulation reversal, was found. Inlet water flow ripple was less than 1%. Apparently, these pulsations are due to the pump operation. Water pressure pulsations at the inlet of the collectors correlated with each other and with water flow rate pulsations. The double amplitude of water pressure pulsations did not exceed 0.045 MPa.
The conducted thermos-hydraulic tests of the steam generator model in the steam generation mode at various power levels showed that neither instability nor pulsation modes associated with it were found.
Besides, the fragment model was tested. The tests were aimed at determining hydraulic losses in the heat-transfer tubes in the modes of cold and hot flushing. In the course of hot flushing, no noticeable effect of feed water temperature on the hydraulic characteristics of the steam generating tube was found within the temperature range from 100 to 200 С. As an example, Figure 9 shows the hydrodynamic characteristic of throttle No. 3 at different water temperatures.
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FIG. 9. The hydrodynamic characteristic of throttle No. 3.

4. HEAT TRANSFER IN TRANSVERSE LEAD FLOW AROUND STEAM GENERATING TUBES
To verify the thermo-hydraulic codes describing the operability of a steam generator in all modes of its operation, it is required to know the data on heat transfer in the lead coolant when steam generating tubes are flown around.
The first data were obtained with the models consisting of bundles of six rows of tubes, five of which are heat-transfer tubes [9]. The experiments were carried out in the model with the length of heat-transfer tubes of 250 mm and without any spacer grids. To flatten the velocity profile of the coolant at the inlet, a special grid was installed, the design of which (diameter, number, and relative arrangement of the openings) was chosen on the basis of optimization calculations by means of the TURBOFLOW software [10]. Subsequently, after the effect of this grid on the hydraulic characteristics had been evaluated, a decision was made to significantly increase, by 700 mm, the entry section, i.e. the extent of the zone from the entry grid to the first row of tubes. Instead of lead, a eutectic lead-bismuth alloy was chosen as a heating coolant, which made it possible to carry out experiments with a single-phase flow of water with a water pressure of 1.4 MPa. Since the experimental data obtained covered mainly the region of transitional, and not developed, turbulent flow (the Reynolds number varied from 4.1103 to 1.54104) and as a coolant, not lead, but a lead-bismuth alloy was used, the decision was made to carry out the experiments on a new model with a lead coolant.
The experimental model consists of six vertical and four horizontal rows of tubes connected by a common collector; five of these tubes are heat-transfer ones (Fig. 10a). The shell of the experimental model is designed for a pressure up to 2.5 MPa at temperatures up to 550 С. 
In order to increase the mass flow rate of water in rows 2, 5 and 6 (Fig. 10b), the heat-transfer tubes were plugged. The third and fourth rows of tubes remained operating to study heat transfer. 
The main modes of SG operation are nominal, startup and operation at partial parameters. Lead solidification modes refer to violations of the normal operation of nuclear power plant equipment. Verification of the design codes requires the data on heat transfer in such modes as well. Most of the experiments were dedicated to the study of heat transfer under normal operating conditions.
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FIG. 10. View of assembly model (a) and arrangement of thermocouples (b).
(The first figure in the two-figure number in the center of tubes stands for the row number, 
the second one means the tube number in a row.)

4.1. Experiments with a coolant in the oxygen saturation line
The experiments were carried out at different lead velocities in the Reynolds numbers range of 5103 – 5104. Water parameters were determined proceeding from the condition of no water boiling and lead solidification. 
Figure 11 shows time recording of tube wall temperatures in the horizontal heat exchange rows. Low-frequency temperature fluctuations are noted on the surface of the heat-transfer tubes with a frequency of no more than 0.15 Hz.
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FIG. 11. Fragments of time recording of tube wall temperatures in the first (a) and second (b) horizontal rows,
RePb = 5.1103.

Low-frequency oscillations are due to the peculiarities of the flow of the lead coolant in an assembly with an in-line arrangement of tubes under conditions of heat transfer between lead and water flowing in these tubes. In both the first and the second heat exchange rows, the maximum temperature fluctuations are noted by thermocouples installed in the aft part of the tubes.
During the tests, the thermodynamic activity of oxygen varied from 0.77 to 1. With time, in the course of the test facility operation, the concentration of oxygen impurities increased, both in the lead flow and on the heat exchange surface. The dependence of the linear heat transfer coefficient on the lead coolant purity was found (Fig. 12).
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FIG. 12. Overall heat transfer coefficient as a function of duration of lead circuit operation: 
start of operation on 24 Jul. (▲); 25 Jul. (▲); 2 Aug. (      ,    ).
4.2. Basic oxygen regime
Before the experiments, the coolant was purified by means of an argon-hydrogen mixture. As a result, the oxygen concentration in the lead decreased to a value, which corresponds to the basic oxygen operating mode of the lead loop. 
The data of one of the experiments with the minimum lead flow rate are shown in Figure 13. The thermocouple number is indicated next to the temperature curve (see Fig. 10b).
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FIG. 13. Fragments of time recording of tube wall temperatures in the first (a) and second (b) horizontal row,
RePb = 1.3104.

Low-frequency temperature fluctuations with a frequency of less than 0.25 Hz occur on the surface of the heat-transfer tubes. The largest amplitude of the temperature pulsations corresponds to thermocouple T129, which is located in the aft part of the tube. 
On the one hand, over 3.5-time increase in the lead flow rate resulted in an appreciable reduction of the amplitude of temperature pulsations; on the other hand, in an increase in the temperature maldistribution between the coolant layers, which are in contact with the heat exchange surface of the tube and the central flow of lead flowing in the intertube space.
Based on the results obtained, the lead heat transfer coefficient in the basic oxygen regime can be calculated by the formula previously determined at the IPPE JSC [12]:

Nu = 5.5 + 0.025·Pe0.8.		(1)

The value of the data approximation reliability is R2 = 0.9963. Similar results were obtained earlier by A.V. Beznosov and others [13].
[bookmark: _GoBack]However, the most reliable is the overall heat transfer coefficient k, since to determine it, it is not required to know water heat transfer coefficient, and deviation of the water temperature of 0.5 С at the level of 45 С (temperature difference in water) gives an error of only 1%. The dependence of the linear heat transfer coefficient on the lead velocity in the experiments with subcritical and supercritical water pressure is shown in Figure 14.

 (
  
0    
          
0.2   
        
 0.4  
        
  0.6   
         
 0.8   
       
 1.0
)
FIG. 14. Linear overall heat transfer coefficient as a function of lead velocity in the basic oxygen regime.

A comparison of the Nusselt number dependence on the Peclet number for lead in the basic oxygen regime, and lead on the saturation line with an excess in oxygen in the lead coolant are shown in Figure 15. The data presented are related only to the experiments with supercritical water parameters. A decrease in the lead heat transfer coefficient was found out in case of severe lead contamination with oxygen to the Nusselt number equal to 2.0.
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FIG. 15. The Nusselt number as a function of the Peclet number for lead in the basic oxygen regime (■)
and for lead on the oxygen saturation line (▲, ○, ●).

After lead purification to the basic oxygen conditions, heat transfer coefficients are reset and increased 1.5 – 4 times pertaining to lead on the oxygen saturation line.
5. CONCLUSION
At the State Scientific Centre of the Russian Federation – Leypunsky Institute for Physics and Power Engineering, Joint-Stock Company (IPPE JSC), a large scope of work was carried out to justify the BREST-OD-300 RP steam generator, which is under development at NIKIET JSC. The tests carried out with various models of the steam generator showed the following: 
· under the nominal operating conditions, the design steam superheating is provided at the outlet of the steam-generating tube;
· in all the operating modes (nominal, startup, partial parameters), steady-state operation of the steam-generating channel is ensured up to a water flow rate of 4% of the nominal value. 
The dependence of lead coolant heat transfer on the oxygen concentration in the lead has been experimentally confirmed. Under basic oxygen conditions, it is recommended to calculate lead heat transfer by the formula Nu = 5.5 + 0.025Pe0.8. 
For lead with oxygen concentration on the saturation line, the lower limit of Nu = 2 is set in the range of Peclet numbers from 80 to 600. The dependence of the heat transfer coefficient on the lead velocity in a narrow cross section was not found, which agrees with the data of other authors.
It was found out that after transition from lead on the saturation line to the basic oxygen regime, the values of the heat transfer coefficient come back to the values characteristic of this regime.
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13-27и32-45	0.25	0.23076923076923198	0.21153846153846281	0.19230769230769246	0.17307692307692321	0.15384615384615488	0.13461538461538491	0.11538461538461543	9.6153846153846895E-2	7.6923076923077011E-2	5.7692307692307793E-2	3.8461538461538484E-2	1.9230769230769332E-2	0	0.84615384615384914	0.73076923076923073	0.65384615384615385	0.61538461538461564	0.5769230769230812	0.53846153846153844	0.5	0.4615384615384629	0.42307692307692457	0.3846153846153848	0.36538461538461953	0.34615384615384642	0.32692307692307904	0.30769230769230782	0.2884615384615371	491.02666999999963	492.84598000000125	490.98002999999869	484.32447000000002	472.03102999999851	466.89018999999894	463.48229999999899	447.52760000000001	442.80054000000001	430.52847000000003	417.96967999999993	420.52356999999893	408.50162999999969	409.04484000000195	519.75504000000001	520.57500000000005	515.02332000000001	519.33335999999997	515.37464	513.99279000000001	513.54781999999796	509.66048999999998	509.80099000000001	507.38932	504.67363999999969	494.85077000000001	504.39269999999999	67-70	0	0	1	1	344.09946000000002	344.19517999999869	506.75716999999969	506.59328999999963	1и78	1	0	538.71649000000002	396.07452999999964	28	0.26923076923076938	501.95828999999969	29	0.26923076923076938	503.55000999999999	30	0.26923076923076938	504.55656999999923	31	0.26923076923076938	503.12867	Dimensionless length, x/L

Temperature, С


13-27и32-45	0.25	0.23076923076923198	0.21153846153846281	0.1923076923076924	0.17307692307692321	0.15384615384615488	0.13461538461538491	0.11538461538461539	9.6153846153846853E-2	7.6923076923076927E-2	5.7692307692307723E-2	3.8461538461538464E-2	1.9230769230769343E-2	0	0.84615384615384914	0.73076923076923073	0.65384615384615385	0.61538461538461564	0.5769230769230812	0.53846153846153844	0.5	0.4615384615384629	0.42307692307692457	0.3846153846153848	0.36538461538461953	0.34615384615384631	0.32692307692307904	0.30769230769230782	0.2884615384615371	461.57712999999899	462.7062299999987	461.34185000000002	455.24286000000154	441.80707000000001	433.96791999999863	435.65087000000125	426.65812	424.94718999999969	415.70348000000001	409.35183999999964	415.30214000000001	407.29710999999821	409.46992999999969	520.05960999999797	520.34071999999946	514.43779999999947	518.06835000000001	511.39328	509.77753999999851	506.05485000000078	498.60079000000002	496.08569	493.91843999999821	490.16336999999999	479.41222999999923	485.37618999999899	67-70	0	0	1	1	348.11694999999969	348.21254999999923	508.58341999999863	508.34927000000124	1и78	1	0	540.59250999999949	400.23362999999893	29	0.26923076923076938	483.78677999999815	30	0.26923076923076938	485.70332999999869	31	0.26923076923076938	478.12455	Dimensionless length, x/L

Temperature, оС


6	0	5.2	10.3	15.4	20.5	25.7	30.8	36	41.1	46.2	51.3	56.4	61.6	66.8	71.900000000000006	77.099999999999994	82.3	87.4	92.5	97.7	102.9	108	113.2	118.3	123.4	128.6	133.69999999999999	138.9	143.9	149.1	154.30000000000001	159.4	164.6	169.7	174.8	180	185.1	190.3	195.4	-6.8999999999999932E-4	-1.4499999999999958E-3	-5.0000000000001825E-5	1.3000000000000576E-4	1.4800000000000021E-3	1.9300000000000122E-3	2.1500000000000052E-3	1.2600000000000061E-3	3.0000000000000317E-4	1.3000000000000576E-4	2.1500000000000052E-3	1.5399999999999997E-3	9.8000000000000777E-4	-1.9399999999999973E-3	4.7000000000000785E-4	8.1000000000000527E-4	1.4800000000000021E-3	1.2600000000000061E-3	1.0000000000003123E-5	1.2100000000000027E-3	-2.1199999999999982E-3	-8.0000000000000004E-4	-1.0999999999999968E-3	-9.8000000000000149E-4	-2.1800000000000127E-3	-3.4000000000000154E-4	-5.0999999999999928E-4	7.0000000000001092E-5	-1.3400000000000083E-3	-1.9399999999999973E-3	-1.0399999999999958E-3	-1.2799999999999958E-3	-1.5099999999999975E-3	8.1000000000000527E-4	8.7000000000000293E-4	-2.0599999999999993E-3	8.1000000000000527E-4	-3.9000000000000335E-4	8.1000000000000527E-4	Time, s

Water flow rate pulsation, kg/s

1	201.6	203.7	205.8	207.9	210	212.1	214.2	216.3	218.4	220.5	222.6	224.7	226.8	228.9	231	233.1	235.2	237.3	239.4	241.5	243.6	245.7	247.8	249.9	252	254.1	256.2	258.3	260.39999999999969	262.5	264.60000000000002	266.7	268.8	270.89999999999969	273	275.10000000000002	277.2	279.3	281.39999999999969	283.5	285.60000000000002	287.7	289.8	291.89999999999969	294	296.10000000000002	298.2	300.3	302.39999999999969	304.5	306.60000000000002	308.7	310.8	312.89999999999969	315	317.10000000000002	319.2	321.3	323.39999999999969	325.5	327.60000000000002	329.7	331.8	333.9	336	338.1	340.2	342.3	344.4	346.5	348.6	350.7	352.8	354.9	357	359.1	361.2	363.3	365.4	367.5	369.6	371.7	373.8	375.9	378	380.1	382.2	384.3	386.4	388.5	390.6	392.7	394.8	396.9	399	401.1	403.2	405.3	407.4	409.5	2.400000000000041E-2	2.400000000000041E-2	-4.3999999999999713E-2	-2.0999999999999488E-2	-2.0999999999999488E-2	-4.3999999999999713E-2	2.400000000000041E-2	4.6000000000000214E-2	-2.0999999999999488E-2	2.400000000000041E-2	-2.0999999999999488E-2	2.400000000000041E-2	2.400000000000041E-2	2.400000000000041E-2	2.400000000000041E-2	-4.3999999999999713E-2	2.400000000000041E-2	2.400000000000041E-2	-2.0999999999999488E-2	2.400000000000041E-2	-2.0999999999999488E-2	2.400000000000041E-2	-2.0999999999999488E-2	2.400000000000041E-2	-2.1999999999999801E-2	2.400000000000041E-2	-2.1999999999999801E-2	2.400000000000041E-2	-2.1999999999999801E-2	-2.1999999999999801E-2	-2.0999999999999488E-2	2.400000000000041E-2	-2.1999999999999801E-2	-2.0999999999999488E-2	-2.0999999999999488E-2	2.400000000000041E-2	2.400000000000041E-2	-2.1999999999999801E-2	2.400000000000041E-2	2.400000000000041E-2	-2.1999999999999801E-2	-2.1999999999999801E-2	-2.1999999999999801E-2	2.400000000000041E-2	-2.1999999999999801E-2	2.400000000000041E-2	4.6000000000000214E-2	-2.1999999999999801E-2	4.6000000000000214E-2	4.6000000000000214E-2	-2.1999999999999801E-2	2.400000000000041E-2	-2.1999999999999801E-2	-2.1999999999999801E-2	2.400000000000041E-2	2.400000000000041E-2	-2.1999999999999801E-2	4.6000000000000214E-2	-4.3999999999999713E-2	2.400000000000041E-2	-2.1999999999999801E-2	2.400000000000041E-2	-2.1999999999999801E-2	2.400000000000041E-2	2.400000000000041E-2	-2.1999999999999801E-2	-2.1999999999999801E-2	-2.1999999999999801E-2	-2.1999999999999801E-2	-2.1999999999999801E-2	-2.1999999999999801E-2	2.400000000000041E-2	-2.1999999999999801E-2	-4.4999999999999922E-2	2.400000000000041E-2	2.400000000000041E-2	2.400000000000041E-2	-4.4999999999999922E-2	2.400000000000041E-2	-2.1999999999999801E-2	2.400000000000041E-2	-2.1999999999999801E-2	2.400000000000041E-2	4.6000000000000214E-2	-2.1999999999999801E-2	-2.1999999999999801E-2	-2.1999999999999801E-2	2.400000000000041E-2	2.400000000000041E-2	-2.1999999999999801E-2	2.400000000000041E-2	2.400000000000041E-2	2.400000000000041E-2	-4.4999999999999922E-2	-2.1999999999999801E-2	-2.1999999999999801E-2	2.400000000000041E-2	-2.1999999999999801E-2	-2.1999999999999801E-2	-2.1999999999999801E-2	2	201.6	203.7	205.8	207.9	210	212.1	214.2	216.3	218.4	220.5	222.6	224.7	226.8	228.9	231	233.1	235.2	237.3	239.4	241.5	243.6	245.7	247.8	249.9	252	254.1	256.2	258.3	260.39999999999969	262.5	264.60000000000002	266.7	268.8	270.89999999999969	273	275.10000000000002	277.2	279.3	281.39999999999969	283.5	285.60000000000002	287.7	289.8	291.89999999999969	294	296.10000000000002	298.2	300.3	302.39999999999969	304.5	306.60000000000002	308.7	310.8	312.89999999999969	315	317.10000000000002	319.2	321.3	323.39999999999969	325.5	327.60000000000002	329.7	331.8	333.9	336	338.1	340.2	342.3	344.4	346.5	348.6	350.7	352.8	354.9	357	359.1	361.2	363.3	365.4	367.5	369.6	371.7	373.8	375.9	378	380.1	382.2	384.3	386.4	388.5	390.6	392.7	394.8	396.9	399	401.1	403.2	405.3	407.4	409.5	-1.6000000000000045E-2	-2.9999999999999988E-2	-2.2999999999999951E-2	-2.1999999999999981E-2	-2.800000000000008E-2	-1.4999999999999894E-2	-1.4999999999999894E-2	-1.399999999999995E-2	-1.399999999999995E-2	-1.399999999999995E-2	-2.0000000000000052E-2	-1.2999999999999972E-2	-2.0000000000000052E-2	-1.2999999999999972E-2	-1.2999999999999972E-2	-1.2999999999999972E-2	-2.5000000000000046E-2	-5.0000000000000001E-3	-1.1000000000000103E-2	-1.7999999999999957E-2	-1.1000000000000103E-2	-1.7000000000000001E-2	-1.7000000000000001E-2	-1.7000000000000001E-2	-9.0000000000000028E-3	-9.0000000000000028E-3	-9.0000000000000028E-3	-1.4999999999999894E-2	-9.0000000000000028E-3	-9.0000000000000028E-3	-8.0000000000000227E-3	-1.4999999999999894E-2	-8.0000000000000227E-3	-7.0000000000000834E-3	-7.0000000000000834E-3	-7.0000000000000834E-3	0	-5.999999999999962E-3	-5.999999999999962E-3	-5.999999999999962E-3	-5.999999999999962E-3	-5.0000000000000001E-3	2.0000000000001002E-3	2.0000000000001002E-3	-4.0000000000000114E-3	-4.0000000000000114E-3	1.6000000000000045E-2	3.0000000000000612E-3	-4.0000000000000114E-3	4.0000000000000114E-3	-1.0000000000000005E-2	-1.9999999999999185E-3	4.0000000000000114E-3	4.0000000000000114E-3	-1.9999999999999185E-3	1.7999999999999957E-2	-1.9999999999999185E-3	-9.9999999999996858E-4	-9.9999999999996858E-4	-9.9999999999996858E-4	0	9.9999999999996858E-4	7.0000000000000834E-3	2.1000000000000012E-2	8.0000000000000227E-3	8.0000000000000227E-3	8.0000000000000227E-3	2.0000000000001002E-3	2.2999999999999951E-2	2.2999999999999951E-2	9.0000000000000028E-3	2.0000000000001002E-3	3.0000000000000612E-3	1.0000000000000005E-2	4.0000000000000114E-3	1.1000000000000103E-2	4.0000000000000114E-3	4.0000000000000114E-3	1.2000000000000031E-2	4.0000000000000114E-3	5.999999999999962E-3	2.5999999999999981E-2	5.999999999999962E-3	7.0000000000000834E-3	1.2999999999999972E-2	7.0000000000000834E-3	1.399999999999995E-2	1.399999999999995E-2	1.399999999999995E-2	9.0000000000000028E-3	1.5000000000000105E-2	2.9000000000000036E-2	2.9000000000000036E-2	1.6000000000000045E-2	1.7000000000000001E-2	2.9999999999999988E-2	2.9999999999999988E-2	3.0999999999999951E-2	3.0999999999999951E-2	3.7000000000000227E-2	Time, s

Pulsation of water
flow rate x102, kg/s


1	1	1	0	430.16703999999999	362.72018000000003	2	0.84615384615384914	0.73076923076923073	0.65384615384615385	0.61538461538461564	0.5769230769230812	0.53846153846153844	0.5	0.4615384615384629	0.42307692307692457	0.3846153846153848	0.36538461538461953	0.34615384615384631	0.32692307692307904	0.30769230769230782	0.2884615384615371	0	0	0	0	0.25	0.23076923076923198	0.21153846153846281	0.1923076923076924	0.17307692307692321	0.15384615384615488	0.13461538461538491	0.11538461538461539	9.6153846153846853E-2	7.6923076923076927E-2	5.7692307692307723E-2	3.8461538461538464E-2	1.9230769230769343E-2	0	404.12040000000002	400.33663999999851	399.42841999999808	395.45441	398.17953999999969	395.53011999999808	392.91814999999826	391.0251699999987	391.25234	390.15435000000002	386.48121999999796	382.46643999999827	384.66332	385.64805000000001	381.33000999999899	380.42081999999863	384.09518000000003	374.66150999999923	369.6585	364.84366999999997	359.42068	357.52413999999851	354.67894999999999	357.06894	4	0.5	0.5	0.5	0.51923076923076583	0.51923076923076583	0.51923076923076583	401.05563000000001	398.44447000000002	400.33663999999851	407.78985999999969	5	0	0	1	1	355.93088999999969	355.17216000000002	376.44256000000001	375.94992999999999	Dimensionless length, x/L

Temperature, С

1	0	1.5554000000000005E-2	3.1108000000000011E-2	4.4440000000000014E-2	5.5550000000000002E-2	7.4437000000000336E-2	8.5547000000000026E-2	0.10110100000000002	0.11665500000000002	0.13220899999999999	0.14554100000000061	0.15887299999999999	0.17220500000000041	0.18887000000000001	0.20553500000000041	0.22220000000000001	0.23886499999999999	0.25553000000000003	0.27219499999999996	0.28886000000000134	0.30552500000000032	0.32219000000000031	0.33885500000000152	0.35552000000000122	0.36107500000000031	0.38885000000000186	0.40551500000000001	0.42218000000000117	0.42773500000000003	0.45551000000000008	0.47217500000000001	0.48884000000000088	0.50550499999999732	0.52217000000000002	0.62215999999999994	0.67215500000000372	0.72215000000000062	0.7721450000000043	0.82214000000000065	397.5	401.10001	3276.6999500000002	413.39999	412.10001	415.20000999999894	415.70000999999894	418	425.10001	427.80002000000002	430.60001	431.80002000000002	432.89999	433.30002000000002	435.89999	435.80002000000002	434.80002000000002	436.39999	436.80002000000002	436.80002000000002	434.10001	435	433.20000999999894	435.30002000000002	436.60001	436	438.10001	439.30002000000002	441.70000999999894	440.30002000000002	439.5	438.70000999999894	442.60001	443.89999	2	4.4440000000000014E-2	8.5547000000000026E-2	0.11665500000000002	0.17220500000000041	0.22220000000000001	0.27219499999999996	0.32219000000000031	0.37218500000000032	0.42218000000000117	0.47217500000000001	0.51661500000000005	0.57216500000000003	0.62215999999999994	0.67215500000000372	0.72215000000000062	0.7721450000000043	0.82214000000000065	0.87213499999999999	403.70000999999894	395.5	411.30002000000002	422.30002000000002	426.70000999999894	429.5	432.30002000000002	435.80002000000002	435.5	435.60001	435.80002000000002	434.5	436.5	433.5	3	0.97768000000000244	0.97768000000000244	0.97768000000000244	445	445.60001	444.89999	4	0	0	0	399.60001	396.39999	5	0	0	0	399.30002000000002	398.5	398	6	0	0	0	0.98879000000000061	0.98879000000000061	0.98879000000000061	346.20000999999894	346	346.60001	433.30002000000002	432.10001	432.70000999999894	Dimensionless height, x/Н

Temperature, С

1	0	1	3	4	5	7	8	9	10	12	13	14	16	17	18	19	21	22	23	25	26	27	28	30	31	32	34	35	36	37	39	40	41	43	44	45	46	48	49	50	51	53	54	55	57	58	59	60	62	63	64	66	67	68	69	71	72	73	74	76	77	78	80	81	82	83	85	86	87	89	90	91	92	94	95	96	98	99	100	101	103	104	105	107	108	109	110	112	113	114	116	117	118	119	121	122	123	124	126	127	128	130	131	132	133	135	136	137	139	140	141	142	144	145	146	147	149	150	151	153	154	155	156	158	159	160	162	163	164	165	167	168	169	170	172	173	174	4.9999999999994886E-5	-2.2999999999998022E-4	-2.2999999999998022E-4	-3.6999999999998156E-4	1.8999999999999581E-4	3.2000000000001645E-4	1.8999999999999581E-4	4.9999999999994886E-5	-2.2999999999998022E-4	4.9999999999994886E-5	4.9999999999994886E-5	-2.2999999999998022E-4	3.2000000000001645E-4	4.9999999999994886E-5	-2.2999999999998022E-4	-5.0999999999998594E-4	4.9999999999994886E-5	4.9999999999994886E-5	-1.0699999999999876E-3	-5.0999999999998594E-4	4.9999999999994886E-5	4.9999999999994886E-5	3.2000000000001645E-4	4.0000000000012478E-5	4.9999999999994886E-5	4.0000000000012478E-5	4.9999999999994886E-5	4.9999999999994886E-5	-2.2999999999998022E-4	4.0000000000012478E-5	4.0000000000012478E-5	-3.6999999999998156E-4	-2.2999999999998022E-4	-2.2999999999998022E-4	-2.2999999999998022E-4	4.0000000000012478E-5	4.0000000000012478E-5	-2.2999999999998022E-4	4.0000000000012478E-5	1.8000000000001416E-4	-2.2999999999998022E-4	4.0000000000012478E-5	-2.2999999999998022E-4	1.8000000000001416E-4	3.2000000000001645E-4	3.2000000000001645E-4	1.8000000000001416E-4	3.2000000000001645E-4	-2.2999999999998022E-4	4.0000000000012478E-5	1.8000000000001416E-4	1.8000000000001416E-4	4.0000000000012478E-5	7.3000000000001113E-4	5.9000000000001022E-4	7.3000000000001113E-4	1.8000000000001416E-4	4.0000000000012478E-5	3.2000000000001645E-4	1.8000000000001416E-4	4.0000000000012478E-5	1.8000000000001416E-4	1.8000000000001416E-4	5.9000000000001022E-4	7.3000000000001113E-4	3.2000000000001645E-4	1.7000000000000413E-4	-2.2999999999998022E-4	1.7000000000000413E-4	1.8000000000001416E-4	4.0000000000012478E-5	4.0000000000012478E-5	1.8000000000001416E-4	5.9000000000001022E-4	4.0000000000012478E-5	5.9000000000001022E-4	5.9000000000001022E-4	3.2000000000001645E-4	3.2000000000001645E-4	4.0000000000012478E-5	1.7000000000000413E-4	4.0000000000012478E-5	3.1000000000000634E-4	1.7000000000000413E-4	4.0000000000012478E-5	3.1000000000000634E-4	4.0000000000012478E-5	4.0000000000012478E-5	1.7000000000000413E-4	1.7000000000000413E-4	5.8000000000000011E-4	3.1000000000000634E-4	4.0000000000012478E-5	5.9000000000001022E-4	3.1000000000000634E-4	-2.3999999999999022E-4	1.7000000000000413E-4	3.0000000000002403E-5	3.0000000000002403E-5	3.1000000000000634E-4	1.7000000000000413E-4	1.7000000000000413E-4	3.0000000000002403E-5	3.1000000000000634E-4	-2.5000000000000147E-4	1.7000000000000413E-4	3.0000000000002403E-5	1.7000000000000413E-4	3.0000000000002403E-5	3.0000000000002403E-5	1.7000000000000413E-4	1.7000000000000413E-4	1.7000000000000413E-4	3.1000000000000634E-4	3.0000000000002403E-5	3.0000000000002403E-5	-5.3000000000000334E-4	3.0000000000002403E-5	3.1000000000000634E-4	1.7000000000000413E-4	3.0000000000002403E-5	3.0000000000002403E-5	-2.5000000000000147E-4	3.0000000000002403E-5	1.7000000000000413E-4	3.0000000000002403E-5	3.0000000000002403E-5	3.0000000000002403E-5	3.0000000000002403E-5	1.7000000000000413E-4	-3.9000000000000314E-4	3.0000000000002403E-5	5.8000000000000011E-4	3.0000000000002403E-5	3.0000000000002403E-5	-2.5000000000000147E-4	3.1000000000000634E-4	Time, s

Water flow rate pulsation,
 kg/s

1	0	1	3	4	5	7	8	9	10	12	13	14	16	17	18	19	21	22	23	25	26	27	28	30	31	32	34	35	36	37	39	40	41	43	44	45	46	48	49	50	51	53	54	55	57	58	59	60	62	63	64	66	67	68	69	71	72	73	74	76	77	78	80	81	82	83	85	86	87	89	90	91	92	94	95	96	98	99	100	101	103	104	105	107	108	109	110	112	113	114	116	117	118	119	121	122	123	124	126	127	128	130	131	132	133	135	136	137	139	140	141	142	144	145	146	147	149	150	151	153	154	155	156	158	159	160	162	163	164	165	167	168	169	170	172	173	174	1.1230000000001182E-2	1.1230000000001182E-2	-1.318999999999804E-2	5.1200000000015703E-3	1.1230000000001182E-2	1.1230000000001182E-2	1.1230000000001182E-2	1.1230000000001182E-2	-9.7999999999843265E-4	5.1200000000015703E-3	2.34400000000008E-2	1.1230000000001182E-2	5.1200000000015703E-3	-9.7999999999843265E-4	5.1200000000015703E-3	2.34400000000008E-2	1.1230000000001182E-2	-9.7999999999843265E-4	5.1200000000015703E-3	5.1200000000015703E-3	1.1230000000001182E-2	1.1230000000001182E-2	5.1200000000015703E-3	-9.7999999999843265E-4	5.1200000000015703E-3	2.34400000000008E-2	1.1230000000001182E-2	-1.318999999999804E-2	5.1200000000015703E-3	1.1230000000001182E-2	1.1230000000001182E-2	5.1200000000015703E-3	-1.318999999999804E-2	-9.7999999999843265E-4	5.1200000000015703E-3	5.1200000000015703E-3	2.34400000000008E-2	2.34400000000008E-2	5.1200000000015703E-3	5.1200000000015703E-3	-1.318999999999804E-2	1.1230000000001182E-2	1.1230000000001182E-2	5.1200000000015703E-3	5.1200000000015703E-3	-1.318999999999804E-2	-1.9300000000001243E-2	-9.7999999999843265E-4	2.34400000000008E-2	5.1200000000015703E-3	-1.318999999999804E-2	-9.7999999999843265E-4	1.1230000000001182E-2	1.1230000000001182E-2	2.34400000000008E-2	5.1200000000015703E-3	-9.7999999999843265E-4	-9.7999999999843265E-4	-9.7999999999843265E-4	5.1200000000015703E-3	5.1200000000015703E-3	-9.7999999999843265E-4	-1.318999999999804E-2	-9.7999999999843265E-4	5.1200000000015703E-3	5.1200000000015703E-3	-9.7999999999843265E-4	-1.318999999999804E-2	-9.7999999999843265E-4	2.9550000000000409E-2	1.1230000000001182E-2	-9.7999999999843265E-4	5.1200000000015703E-3	1.1230000000001182E-2	2.9550000000000409E-2	2.34400000000008E-2	-9.7999999999843265E-4	5.1200000000015703E-3	1.1230000000001182E-2	1.1230000000001182E-2	4.1760000000000033E-2	2.34400000000008E-2	2.34400000000008E-2	5.1200000000015703E-3	2.34400000000008E-2	2.34400000000008E-2	4.786999999999985E-2	2.9550000000000409E-2	5.1200000000015703E-3	2.34400000000008E-2	4.1760000000000033E-2	4.786999999999985E-2	2.9550000000000409E-2	1.1230000000001182E-2	5.1200000000015703E-3	2.34400000000008E-2	4.786999999999985E-2	2.9550000000000409E-2	2.9550000000000409E-2	1.1230000000001182E-2	2.34400000000008E-2	4.786999999999985E-2	2.9550000000000409E-2	2.34400000000008E-2	2.34400000000008E-2	2.9550000000000409E-2	1.1230000000001182E-2	2.34400000000008E-2	4.786999999999985E-2	4.1760000000000033E-2	4.1760000000000033E-2	1.1230000000001182E-2	2.34400000000008E-2	2.34400000000008E-2	2.9550000000000409E-2	4.1760000000000033E-2	2.9550000000000409E-2	2.34400000000008E-2	2.9550000000000409E-2	2.9550000000000409E-2	4.1760000000000033E-2	5.3979999999999272E-2	2.9550000000000409E-2	1.1230000000001182E-2	1.1230000000001182E-2	2.9550000000000409E-2	2.9550000000000409E-2	4.786999999999985E-2	4.1760000000000033E-2	2.9550000000000409E-2	2.9550000000000409E-2	2.9550000000000409E-2	2.9550000000000409E-2	5.3979999999999272E-2	4.1760000000000033E-2	2.34400000000008E-2	2.9550000000000409E-2	Time, s

Pressure pulsation, MPa

1	0	1	3	4	5	7	8	9	10	12	13	14	16	17	18	19	21	22	23	25	26	27	28	30	31	32	34	35	36	37	39	40	41	43	44	45	46	48	49	50	51	53	54	55	57	58	59	60	62	63	64	66	67	68	69	71	72	73	74	76	77	78	80	81	82	83	85	86	87	89	90	91	92	94	95	96	98	99	100	101	103	104	105	107	108	109	110	112	113	114	116	117	118	119	121	122	123	124	126	127	128	130	131	132	133	135	136	137	139	140	141	142	144	145	146	147	149	150	151	153	154	155	156	158	159	160	162	163	164	165	167	168	169	170	172	173	174	5.1200000000015703E-3	-7.089999999998077E-3	-1.318999999999804E-2	-7.089999999998077E-3	1.1230000000001182E-2	1.1230000000001182E-2	5.1200000000015703E-3	5.1200000000015703E-3	-1.318999999999804E-2	-7.089999999998077E-3	1.7340000000000803E-2	5.1200000000015703E-3	-7.089999999998077E-3	-1.318999999999804E-2	-7.089999999998077E-3	1.1230000000001182E-2	5.1200000000015703E-3	-1.318999999999804E-2	-7.089999999998077E-3	5.1200000000015703E-3	1.1230000000001182E-2	1.7340000000000803E-2	-7.089999999998077E-3	-1.318999999999804E-2	-7.089999999998077E-3	1.7340000000000803E-2	5.1200000000015703E-3	-3.7620000000000452E-2	-1.318999999999804E-2	1.1230000000001182E-2	5.1200000000015703E-3	5.1200000000015703E-3	-1.318999999999804E-2	-1.318999999999804E-2	-7.089999999998077E-3	-1.318999999999804E-2	1.1230000000001182E-2	1.1230000000001182E-2	-7.089999999998077E-3	-7.089999999998077E-3	-7.089999999998077E-3	5.1200000000015703E-3	1.1230000000001182E-2	-7.089999999998077E-3	-7.089999999998077E-3	-1.318999999999804E-2	-1.318999999999804E-2	-1.318999999999804E-2	-7.089999999998077E-3	-1.318999999999804E-2	-1.318999999999804E-2	-1.318999999999804E-2	5.1200000000015703E-3	1.1230000000001182E-2	-7.089999999998077E-3	-1.318999999999804E-2	-1.318999999999804E-2	-1.318999999999804E-2	-1.318999999999804E-2	-7.089999999998077E-3	-7.089999999998077E-3	-1.318999999999804E-2	-1.318999999999804E-2	-7.089999999998077E-3	-7.089999999998077E-3	-7.089999999998077E-3	-7.089999999998077E-3	-3.7620000000000452E-2	-7.089999999998077E-3	1.1230000000001182E-2	5.1200000000015703E-3	-1.318999999999804E-2	-7.089999999998077E-3	5.1200000000015703E-3	1.7340000000000803E-2	1.1230000000001182E-2	-1.318999999999804E-2	-1.318999999999804E-2	5.1200000000015703E-3	1.1230000000001182E-2	2.9550000000000409E-2	1.7340000000000803E-2	1.1230000000001182E-2	-7.089999999998077E-3	1.1230000000001182E-2	1.1230000000001182E-2	3.5660000000000032E-2	1.7340000000000803E-2	-7.089999999998077E-3	1.1230000000001182E-2	2.9550000000000409E-2	3.5660000000000032E-2	1.7340000000000803E-2	5.1200000000015703E-3	1.1230000000001182E-2	1.7340000000000803E-2	3.5660000000000032E-2	1.7340000000000803E-2	1.7340000000000803E-2	5.1200000000015703E-3	1.7340000000000803E-2	3.5660000000000032E-2	1.7340000000000803E-2	1.1230000000001182E-2	1.7340000000000803E-2	2.9550000000000409E-2	5.1200000000015703E-3	1.7340000000000803E-2	3.5660000000000032E-2	2.9550000000000409E-2	2.9550000000000409E-2	1.1230000000001182E-2	1.7340000000000803E-2	1.7340000000000803E-2	1.7340000000000803E-2	2.9550000000000409E-2	1.7340000000000803E-2	1.1230000000001182E-2	1.7340000000000803E-2	1.7340000000000803E-2	3.5660000000000032E-2	3.5660000000000032E-2	2.9550000000000409E-2	1.1230000000001182E-2	1.1230000000001182E-2	1.7340000000000803E-2	2.9550000000000409E-2	4.1760000000000033E-2	2.9550000000000409E-2	1.7340000000000803E-2	1.7340000000000803E-2	1.7340000000000803E-2	1.7340000000000803E-2	3.5660000000000032E-2	2.9550000000000409E-2	1.1230000000001182E-2	1.7340000000000803E-2	Time, s

Pressure pulsation, MPa

после промывки, ноябрь	0.29978000000000032	0.25540000000000002	0.2052400000000015	0.16200000000000003	0.10900000000000012	155.14055999999849	114.896	66.363590000000002	29.404299999999989	6.2829600000000001	горячая 23 ноябряТ=100 	0.3208400000000029	0.19887000000000002	0.15191000000000202	189.85627000000127	73.925630000000012	39.507689999999997	горячая 23 ноября Т=140	0.14941000000000176	0.20344000000000156	0.24497000000000024	40.349850000000004	79.964839999999995	128.00148000000004	Dimensionless velocity

Pressure losses, kPa

Т127	0	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	46	47	48	49	50	439.20000999999894	439.20000999999894	439.70000999999894	438.70000999999894	439	438.80002000000002	437.60001	437	436	436.30002000000002	436.39999	437.4	438.39999	438	438.89999	439.20000999999894	438.80002000000002	439.20000999999894	438.10001	438.10001	436	437.80002000000002	438.80002000000002	438.60001	438	438.10001	438	438.80002000000002	439.20000999999894	438.89999	439.5	439.80002000000002	440.10001	439.39999	438.80002000000002	438	438.60001	438.30002000000002	437.89999	437.60001	436.10001	436.10001	436	436.70000999999894	435.89999	436	435.89999	436.30002000000002	Т131	0	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	46	47	48	49	50	431.80002000000002	431.60001	431.89999	432.10001	431.30002000000002	431.80002000000002	430.89999	431.5	431.30002000000002	431.30002000000002	431.30002000000002	432.2	432.5	432.8	432.5	432.10001	431.60001	431.89999	431.5	431.10001	431.80002000000002	432.30002000000002	431.60001	431.60001	431.89999	432.30002000000002	433	432.5	432.39999	432.30002000000002	432.70000999999894	432.39999	432.39999	432	431.70000999999894	432	431.39999	432.10001	432.70000999999894	432.80002000000002	433.10001	432.60001	432.80002000000002	433	432.60001	431.80002000000002	431.60001	432.5	Т132	0	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	46	47	48	49	50	443.70000999999894	444.80002000000002	446.89999	446.30002000000002	445.39999	444.70000999999894	444.30002000000002	443.80002000000002	442.20000999999894	443.10001	441.70000999999894	442.8	444.30002000000002	444.4	445.10001	444.10001	444	443.20000999999894	443.20000999999894	443.70000999999894	446	444.5	444.89999	445.10001	446.10001	447.30002000000002	446.70000999999894	446.60001	446	446.60001	447.60001	448.10001	448.30002000000002	446.70000999999894	445.80002000000002	444.70000999999894	444.70000999999894	443.80002000000002	444.5	443.30002000000002	442.10001	444.70000999999894	448.60001	448.5	446.89999	448	446.5	445.5	Т133	0	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	46	47	48	49	50	429.80002000000002	428.5	428.20000999999894	429.30002000000002	430.30002000000002	429.89999	429.80002000000002	430.39999	431	431	430.39999	429	428.80002000000002	428.4	428	429.39999	430.20000999999894	429.5	430.30002000000002	430.10001	428.20000999999894	428.70000999999894	429.60001	429.89999	429.30002000000002	429.10001	429.60001	428.80002000000002	428.10001	427.30002000000002	427.10001	427.80002000000002	429.80002000000002	430	430.60001	430.60001	431.10001	431	431.20000999999894	431.30002000000002	431.39999	431.89999	432.10001	432.5	432.30002000000002	432.30002000000002	432	431.70000999999894	Т128	0	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	46	47	48	49	50	467.20000999999894	466.10001	465.70000999999894	466.30002000000002	468	468.20000999999894	468.10001	465.80002000000002	467.20000999999894	467.20000999999894	466.60001	464.8	466.60001	463.6	464.60001	464	464.5	464.89999	464	466.10001	464	464	465.10001	463.30002000000002	463.20000999999894	464.10001	464.39999	464.30002000000002	464.89999	464.60001	466.60001	467.80002000000002	468	467.39999	467.30002000000002	467.39999	465.89999	465.30002000000002	467	464	461.60001	465.30002000000002	467.10001	467.60001	467.60001	465.70000999999894	463.39999	466.39999	Time, s

Т135	0	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	46	47	48	49	50	413.80002000000002	413.60001	414	414.30002000000002	414.70000999999894	414	413.10001	413	412.80002000000002	412	412	412.8	413.60001	414.8	414	414.20000999999894	414.30002000000002	414.80002000000002	414	414	414.70000999999894	414.30002000000002	413.80002000000002	414.5	414.39999	415	415.10001	415.10001	415.39999	415.60001	415.20000999999894	414.70000999999894	414.80002000000002	414.80002000000002	415.10001	415.10001	414.10001	413.60001	412.5	412.5	413.39999	414.30002000000002	414	412.80002000000002	412	412.5	414.10001	414.20000999999894	Т137	0	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	46	47	48	49	50	423.30002000000002	424	425.30002000000002	425.80002000000002	426	425.5	425.10001	424.80002000000002	424.60001	424.5	423.60001	423.6	423.80002000000002	424.6	425.5	426.10001	425.60001	424.80002000000002	424.5	423.60001	422.80002000000002	421.80002000000002	423.60001	424.89999	425	426.20000999999894	425.80002000000002	426	426.60001	426.70000999999894	427.30002000000002	428	428.80002000000002	427.70000999999894	426.60001	426.60001	426.70000999999894	427.20000999999894	425.30002000000002	423.30002000000002	423	423.20000999999894	422.89999	423.5	423.30002000000002	422.80002000000002	423.10001	422.30002000000002	Т139	0	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	46	47	48	49	50	414.20000999999894	412.60001	411.80002000000002	411.80002000000002	412.10001	413.10001	413.20000999999894	413.20000999999894	413	413.39999	413	412.8	412.80002000000002	412.8	413	412.70000999999894	413.10001	413.5	414	414.20000999999894	414.10001	414	414.10001	413.80002000000002	412.80002000000002	411.60001	411	410.70000999999894	410.80002000000002	411.10001	411.30002000000002	411	412	412.80002000000002	412.5	412.80002000000002	413.30002000000002	413	413.5	414.10001	414.39999	414.60001	415.30002000000002	415.60001	415.10001	415.10001	414.70000999999894	414.39999	Т141	0	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	46	47	48	49	50	438.30002000000002	437.5	437.30002000000002	437.30002000000002	439.70000999999894	439.80002000000002	439.60001	438.5	439.60001	440.10001	438.39999	437	437.10001	436.8	436.5	436	438.30002000000002	437.60001	436.80002000000002	438.30002000000002	437.89999	437.70000999999894	438.60001	439.20000999999894	437.80002000000002	437.80002000000002	437.89999	438.89999	437.60001	437.20000999999894	437.70000999999894	438.60001	440.5	440.80002000000002	440.60001	438.80002000000002	439.5	440.30002000000002	438.70000999999894	440.10001	440.39999	441.10001	442.60001	443.5	443.5	442.70000999999894	440	439.30002000000002	
1	5.6000000000000001E-2	5.9610000000000024E-2	0.10979999999999999	0.15590000000000057	0.21940000000000057	0.25510000000000005	0.30660000000000032	0.30530000000000107	20.350000000000001	20.18	20.85	20.959999999999987	21.05	20.75	19.170000000000005	17.04	0.30530000000000107	0.30160000000000031	0.24720000000000045	0.20990000000000045	0.15930000000000041	0.1113	5.4720000000000123E-2	0.32530000000000125	17.04	15.97	16.510000000000005	16.8	16.649999999999999	16.7	16.27	3	0.29530000000000095	0.251	0.21470000000000045	0.1809000000000005	0.1376	9.9430000000000004E-2	14.76	14.54	14.57	14.56	14.39	14.75	4	9.6190000000000025E-2	0.13789999999999999	0.17240000000000041	0.18640000000000057	0.21400000000000041	0.28690000000000032	0.28380000000000083	0.31020000000000031	0.27450000000000002	0.24040000000000045	21.7	21.75	22.630000000000031	21.72	21.99	25.57	22.16	21.71	20.32	19.68	20 ноября	1	Dimensionless velocity

 kl , Wt/(mK)

Т127	0	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	408.80002000000002	407.70000999999894	409.60001	409.39999	409.60001	408.80002000000002	409.10001	409.10001	409.30002000000002	407.89999	408.70000999999894	408.80002000000002	409.20000999999894	408.20000999999894	408.89999	408.89999	408.70000999999894	408.10001	409.30002000000002	408.60001	408.5	409	409.60001	408.10001	409.20000999999894	408.60001	408.30002000000002	407.89999	408.80002000000002	409.10001	408	409.10001	408.89999	408.10001	408.5	407.30002000000002	406.80002000000002	408.30002000000002	408.20000999999894	409	408.80002000000002	409.30002000000002	408.20000999999894	128	0	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	412.30002000000002	412.5	412.80002000000002	413.30002000000002	412.80002000000002	412.30002000000002	412.5	412.30002000000002	412.30002000000002	412.5	412.30002000000002	413	412.80002000000002	412.30002000000002	412.60001	412.70000999999894	412.5	412.5	412.5	412.60001	413	412.10001	413.10001	412.70000999999894	413	412.60001	412.30002000000002	412.70000999999894	413	412.30002000000002	412.30002000000002	412.80002000000002	411.80002000000002	411.80002000000002	411.20000999999894	412	412	412.39999	412.20000999999894	412.5	412.5	412.60001	412.5	Т129	0	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	400.60001	400.89999	399.89999	400.10001	401.30002000000002	400.10001	399.80002000000002	399.10001	401.89999	400.80002000000002	404	401.39999	400.20000999999894	402.10001	403.39999	400.20000999999894	403.39999	400.89999	400.80002000000002	402.30002000000002	399.89999	400.60001	402.30002000000002	402.89999	401.30002000000002	402.70000999999894	403.10001	402.10001	398.10001	402.89999	402.70000999999894	401.80002000000002	402.39999	400.10001	400	401	402.10001	400.30002000000002	399.39999	399.39999	400.20000999999894	402.20000999999894	403.20000999999894	Т131	0	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	407.89999	407.89999	407.5	408.70000999999894	408.5	406.80002000000002	407.10001	407.60001	404.39999	407.10001	407.39999	408.10001	407	407.20000999999894	406.5	406.89999	406.5	406.80002000000002	408	406.39999	407	406.30002000000002	407.60001	408.10001	408.60001	405.80002000000002	407	407.80002000000002	408.39999	407	405.30002000000002	406.30002000000002	407.20000999999894	408.39999	407.30002000000002	406.60001	406.10001	407.60001	407.60001	407.80002000000002	406.60001	405	404.80002000000002	Т132	0	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	409.70000999999894	409	409.89999	410.80002000000002	408.89999	409.5	408.89999	409.70000999999894	409.10001	409.5	409.5	409.60001	410.39999	409.80002000000002	408.89999	410	410.30002000000002	410	409.60001	409.30002000000002	410.10001	410	410.39999	410.20000999999894	411.39999	411	409.5	408.60001	409.80002000000002	409.10001	409.89999	410	409.10001	409.89999	408.60001	408.30002000000002	408	409.70000999999894	409	408.60001	409	411	Т133	0	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	407.30002000000002	407	406.10001	406.10001	405	405.80002000000002	406	404	404.70000999999894	405.30002000000002	407.5	407.20000999999894	406.5	404.30002000000002	408.10001	407.30002000000002	407.80002000000002	407	407.20000999999894	408.20000999999894	406.5	407.10001	406	407.39999	406	407.39999	408.5	408.60001	405.30002000000002	405.60001	407.39999	406.60001	408.20000999999894	405	406.60001	406.60001	407.5	407.5	407.10001	407	405.60001	407.10001	407.30002000000002	
Т135	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	407.10001	406.80002000000002	406.80002000000002	407.5	408.30002000000002	407.60001	407.5	407.80002000000002	408	407.80002000000002	408.30002000000002	407.10001	407.10001	407.10001	407.5	407.60001	406.5	407.10001	407	406	407.89999	404.80002000000002	407.20000999999894	406.10001	407.39999	407.20000999999894	406.60001	406.10001	407.5	406.60001	406.5	406.10001	406.30002000000002	407	406.5	408	407	407	407.5	406.10001	407.10001	406.80002000000002	136	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	399.80002000000002	402.20000999999894	401.89999	401.10001	401.5	399.80002000000002	400.70000999999894	400.10001	401.5	402.5	402.30002000000002	401.20000999999894	401.30002000000002	401.5	400.60001	400.80002000000002	400.39999	400.30002000000002	402.10001	400.10001	400.10001	401.60001	400	401.60001	399.60001	401.60001	400.39999	399	400.89999	401	402.20000999999894	400.80002000000002	401	399.30002000000002	400.39999	399.70000999999894	400.30002000000002	399.70000999999894	399.5	400.5	398.80002000000002	399.60001	Т137	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	405.20000999999894	406.30002000000002	407.80002000000002	405.89999	406.80002000000002	406.60001	406.89999	406.5	406.5	405.70000999999894	406.60001	406.89999	405.80002000000002	404.80002000000002	406.10001	405.60001	405.70000999999894	407.20000999999894	405.20000999999894	407.30002000000002	407.5	407.10001	407.10001	407.10001	406.10001	406	404.30002000000002	406.60001	405.60001	406.10001	406.60001	407.20000999999894	406.89999	404.39999	406.10001	403.80002000000002	406	406.5	405.60001	406.30002000000002	407.5	405.60001	Т139	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	397.5	397	395.80002000000002	396.89999	396	396	396.30002000000002	396.60001	396.5	398.60001	398.10001	398.30002000000002	396.39999	398	396.80002000000002	397.60001	396.80002000000002	396.70000999999894	397.39999	397	398.30002000000002	399.10001	398.39999	396.60001	396.60001	397.60001	397.39999	395.5	396.10001	398	398.10001	398.70000999999894	396.80002000000002	397.39999	397.60001	397.80002000000002	397.30002000000002	396.10001	394.30002000000002	396.5	397.10001	397.80002000000002	Т141	1	2	3	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	44	45	407	406.5	405.80002000000002	406	405.5	404.30002000000002	402.60001	404.20000999999894	404.89999	407.20000999999894	406.80002000000002	407.30002000000002	404.39999	407.80002000000002	406.10001	407.80002000000002	406.10001	406.89999	408.20000999999894	406.5	407	407	407.70000999999894	407.80002000000002	408	407.5	408.60001	407.30002000000002	407.5	408.10001	407.10001	408.80002000000002	407	407.70000999999894	408	408.20000999999894	408.10001	406.70000999999894	405.89999	406.39999	406.10001	407.89999	
20 ноября	1	ноябрь	0.29270000000000002	0.2233	0.14780000000000001	7.3910000000000003E-2	0.22289999999999999	0.29840000000000338	0.37980000000000896	0.30670000000000008	0.42330000000000756	0.35370000000000001	0.27910000000000001	0.2046	0.20530000000000001	0.20490000000000044	0.40710000000000002	0.52080000000000004	0.5165999999999995	0.48660000000000031	0.5155999999999995	0.44790000000000002	0.36880000000000801	0.33450000000000846	0.29440000000000038	0.22600000000000001	0.14940000000000375	0.15050000000000024	35.39	35.260000000000012	34.800000000000004	33.630000000000003	34.910000000000004	33.71	33.220000000000013	30.99	30.69	29.55	30.14	Dimensionless velocity

kl, Wt/(mK)

1	86.33	91.960000000000022	168.7	238.9	336.4	391.1	469.3	4.3259999999999845	4.5149999999999855	4.9269999999999996	4.9450000000000003	4.9450000000000003	4.6929999999999845	3.605	5	463.1	394.1	336.9	283.8	216	156.30000000000001	2.0880000000000001	2.0259999999999998	2.0369999999999977	2.028	1.9790000000000001	2.1059999999999999	6	466.5	473.4	388.4	330	250.4	175.1	86.28	553.6	2.6030000000000002	2.3619999999999997	2.6109999999999998	2.7240000000000002	2.6509999999999998	2.6759999999999997	2.5109999999999997	2.5030000000000001	ноябрь	696.6	587.79999999999995	466.1	344.4	346	345.6	678.3	834.4	824.9	784	818.3	718.9	594.6	554.29999999999995	489.8	377.4	250.4	252.5	9.8750000000000266	7.9710000000000134	7.7880000000000003	6.6169999999999956	7.2629999999999955	10	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	6.0716313149092134	6.4952679263837494	6.8766166434437004	7.2328621078878834	7.5715337608374895	7.8968287887854576	8.211405321967387	8.5170881682725419	8.8152021829093563	9.1067497647680344	9.3925137940373027	9.673121304403093	9.9490849071897767	10.220830860725634	10.4887187392412	10.753055608807536	Pe

Nu

	

	



доклад на FR-21 англ final (003)
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