NUREG/1A-0004

Intermational
Agreement Report

Thermal Mixing Tests in a
Semiannular Downcomer With
Interacting Flows From Cold Legs

Prepared by
H. Tuomisto, P. Mustonen

Imatran Voima OY
SF-00101
Helsinki 10, Finland

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555

October 1986

Prepared as part of

The Agreement on Research Panticipation and Technical Exchange
under the International Thermal-Hydraulic Code Assessment

and Application Program ({CAP}

Published by |
U.S. Nuclear Regulatory Commission



NOTICE

This report was prepared under an international cooperative
agreement for the exchange of technical information. Neither
the United States Government nor any agency thereof, or any of
their employees, makes any warranty, expressed or implied, or
assumes any legal liability or responsibility for any third party’s
use, or the results of such use, of any information, apparatus pro-
duct or process disclosed in this report, or represents that its use
by such third party would not infringe privately owned rights.

Available from

Superintendent of Documents
U.S. Government Printing Office
P.0. Box 37082
Washington, D.C. 20013-7082

and

National Technical Information Service
Springfield, VA 22161



NUREG/IA-0004 |

Intemational
Agreement Report

Thermal Mixing Tests in a
Semiannular Downcomer With
Interacting Flows From Cold Legs

Prepared by
H. Tuomisto, P. Mustonen

imatran Voima OY

SF-00101
Helsinki 10, Finland

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555

October 1986

Prepared as part of
The Ag it on R

t h Participation and T ical Exchang
under the International Thermal-Hydrautic Code Assessment
and Application Program {ICAP}

Published by
U.S. Nuclear Regulatory Commission



NOTICE

This report documents work performed under the sponsorship of the Imatran Voima
Oy of Finland. The information in this report has been provided to the USNRC
under the terms of an information exchange agreement between the United States
and Finland (Technical Exchange and Cooperation Arrangement Between the United
States Nuclear Regulatory Commission and the Imatran Voima Oy of Finland in the
field of reactor safety research and development, February 1985), Finland has
consented to the publication of this report as a USNRC document in order that
it may receive the widest possible circulation among the reactor safety
community. Neither the United States Government nor Finland or any agency
thereof, or any of their employees, makes any warranty, expressed or implied,
or assumes any legal liability of responsibility for any third party's use, or
the results of such use, or any information, apparatus, product or process
disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.



SUMMARY

This report describes the test facility and test program for studying ther-
mal mixing of high-pressure injection (HPI) water in the two-fifths scale
model of three cold legs, semiannular downcomer and lower plenum of a pres-
surized water reactor. This test series has been carried out by mutual
agreement on the pressurized thermal shock (PTS) information exchange be-
tween the U.S. Nuclear Regulation Commission and Imatran Voima Oy.

The test facility was originally designed to model the Finnish Loviisa plant
but it was redesigned and modified for this test program. The facility can be
operated at atmospheric pressure with loop and HPI flows from different cold
legs in the area of interest to PTS. Transparent materials were used to al-
low flow visualization during the tests. The choice of transparent materi-
als limit the upper temperature to 75 °C. The full buoyancy effect was in-
duced by salt addition and the HPI temperature was used as a tracer.

The test matrix consists of 20 tests. The varied parameters were flow rates
and the number and configuration of cold legs with HPI and loop flows. Four
tests were done with decreasing loop flow temperature to simulate primary
flows during steam line breaks.
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1.0 INTRODUCTION

In 1983 a test facility was constructed at the Hydraulic Laboratory of
Imatran Voima Oy (IVO) in Finland to study thermal mixing of cold high-
pressure injection (HPI) water with hot primary coolant in a pressurized
water reactor (PWR) during postulated overcooling accidents. The facility
was built as a two-fifths scale model of the Loviisa VVER-440 reactor. An
experimental program of about 50 tests was performed during the same year

[1,2]

After completion of the first test series, IVO and the US Nuclear Regulatory
Commission (NRC) made an agreement on Pressurized Thermal Shock (PTS)
information exchange, and a new test series was decided to be performed with
a reconstructed facility. Test conditions and modifications to the facility
were defined by NRC In this report the modified test facility and test
series will be presented.



2.0 TEST FACILITY

2.1 Test Facility Design

The test facility was initially constructed as a 1 to 2.56 scale model of
the Loviisa VVER-440 reactor. The facility contains a half of the circum-
ference of the reactor downcomer made of acrylic plastic. The downcomer is
semiannular in shape. With regard to the dimensioning affecting the flow,
the dimensions of the downcomer are the same as used in previous tests, and
they are given in Drawing 1. Figure 1 shows the model seen from outside of
the pressure vessel.

The three cold legs were rebuilt for these tests. Their position with
respect to the downcomer was changed in accordance with Drawing 1 to be
asymmetric so that adjoining pipes formed angles of 30° and 60°. All the
three cold legs are similar with regard to their geometry. They are straight

in shape and have a diameter dCL of 194 mm.

Figure 1. The facility seen from the pressure vessel side.



A required HPI flow could be directed to each cold leg. The HPI nozzles were
placed at a distance of seven times the cold leg diameter mcasured from the
downcomer wall. The diameter of the nozzles was 1/3 of the primary pipediam-
AEW :ra.-

cter (dHPI 65 mm)

HPI water wés injected from top of the cold leg perpendiculary to the pipe
centre line. Flow equalizers shown in Drawing 1 (Det. 3) were fitted in HPI
pipes before HPI nozzles to smooth the flow.

The flow was measured with rotameters shown in Figure 2. Hot loop flow was
measured with a magnetic flow meter {(type FISHER-PORTER, D = 65 mm) which
had been calibrated before being fitted into the model.

During the test program the water system pipelines were modified to adapt
to the flow arrangements required by new test conditions. Drawing 2 shows
the piping in the final state in which all the tests required could be per-
formed.

Figure 2, Rotameters used for HPI flow measurement, fixed to the cover of
the distributing tank.

The perforated plate was also removed for these tests from the lower plenum.
In previous tests the primary coolant flowed through this plate from the
downcomer to the lower plenum.

2.2 Test Arrangements

Drawing 2 gives a basic illustration of the test facility. Two heat-insu-
lated metal tanks having a total operating capacity of 8 m’ were constructed
for the hot water. The tanks were connected to each other with pipes so that
they could be used both together and separately.

Both tanks were provided with three immersion heaters having an output of
15 kW each for heating the water. The heating efficiency available thus to-
talled 90 kW. :



The hot water was pumped from the tanks to the cold leg required. The flow
was controlled by means of a gate valve.

The primary coolant flow then continued from the cold legs of the main cir-
culation loops to the downcomer and further to the lower plenum. During the
tests the water was led from there through a pipe to the surge tank, from
which it flowed over the overflow edge out of the facility. The level of
the overflow edge was chosen so that an overpressure of about 0.01 bar was
maintained in the downcomer top.

Before each test the facility was heated up by recirculating hot water so
long that the temperature distribution was uniform with respect to the water
in the hot tank. For recirculation the model was connected to the hot tanks
by means of a back-flow pipe.

HPI water was taken from the cold tank having an operating capacity of 5 m’.
The pipeline was constructed so as to allow before the test recirculation of
the HPI water back to the cold tank through the rotameters for e.g. control

measures. At the time zero of the test the HPI flow was turned into the re-
~quired cold legs by three-way cocks.

The dye added to the HPI water allowed flow visualization. It was used in-
tests in which the flow was examined by photographing. The dye used was rho-
damine. .

The HPI temperature was lowered by recirculating the water of the cold tank
through the heat exchanger. The tank water was cooled using tap water, the.
temperature of which was lower than that of the brine.in the tank.

2.3 Measurement System

The purpose of the test series was to measure mixing of the hot primary wa-
ter and the cold HPI water in this particular geometry. A special task was
to confirm good mixing in the downcomer with interacting flows from differ-
ent cold legs. For this, the water temperature in different parts of the
facility was recorded, and especially in the downcomer. Figure 3 shows the
data acquisition and processing system used.

The temperature detectors used were NiCr-Ni thermocouples, each of which had
been separately adjusted in the precision oven of the IVO Central Laboratory.
The inaccuracies were found to be At < + 0,5 °C with respect to the reference
detectors.

Because the tests were made with salt water, the functioning of the electric
detectors was checked in a salt solution the concentration of which corre-
sponded to the water used in the tests. No changes were detected in the
readings when the salinities varied between 0 % and 22 %.
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Figure 3. Data acquisition system used in the measurements.

The response time of the thermocouple type used in the tests with regard to
a temperature change was studied by measuring the step response of a ther-
mocouple. The. measurement results are given in Figure 4., The detectors re-
produced a temperature change of about 85 °C in lesc than 100 ms.

Figure 5 shows thermocouples fitted into the model, both to the pressure
vessel wall and in a cold leg near a nonzzle.

(8]
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Figure 4. ©Step response of the used thermocouples.

Figure 5. Thermocouples and a resistance detector (Pt-100) fitted into
the facility. '



In addition to the thermocouples, three calibration/reference detectors were
also fitted into the model for temperature measurement. They were resistance
detectors (Pt-100), which are very accurate and reliable. Their inaccuracy
has been specified at at < + 0.2 °C. Owing to their high time constant, how-
ever, they are not suitable for measuring rapidly varying temperatures.

The readings of the resistance detectors were compared with the values given
by the thermocouples under stationary conditions. During the tests it was
thus possible to verify continuously the correctness of the measured re-
sults. By following the readings of the resistance detectors it was also
possible to choose the starting moment of a test when the test facility had
a uniform temperature distribution.

The resistance detectors were connected to the data acquisition system for
follow-up only: th-ir readings were not recorded.

The densities of +he hot water and the cold HPI water were checked before
each test by nean: of areometers.

2.4 Measuremen: Locations

At the beginninr of the tests 60 thermocouples were fitted into the model.

Later, the numi«r ¢f thermocouples was increased by 20, totalling thus 80.

The increase was done so that the original numbering was not changed. Draw-
ing 3 shows th: meacurement locations. The cold legs have been marked with

letters A, B. and .

The point map has been drawn up from the core side. The dimensions have been
given so that the 3 level of the vertical scale has been placed at the level
of the centre lines of the cold legs. The O level of the horizontal scale is
by the center iine of the cold leg A.

Most of the thermocouples were placed in the downcomer at a distance of
about 35 mm from the pressure vessel wall. Only probes #22 and # 29 located
on the line between legs A and B were placed differently. The probe # 22
measured the water temperature by the pressure vessel wall and probe # 29
by the core side wall. These measuring points are shown in the map by partly
shaded circles.

The measuring period during which the measuring system read the points once
lasted about 2.5 s. when the thermocouples totalled 80. The duration of the
test could be freely chosen. The duration of each test is shown on the time
axis of the result drawings.



3.0 TEST PROGRAM

3.1 Water Densities Used in the Tests

The structure of the model enabled the primary water temperature to be rais-
ed by about 75° to 80°. The HPI water temperature in the cold tank could be
maintained at about 17° to 20°.

In the tests the difference between the densities of the primary water and
the HPI water was about 195 kg/m’ . This was Iinduced so that the density of
the HPI water was changed by dissolving salt (CaClz) in it. The densities
used in the tests were following:

Hot water °L = 975 keg/m

" 3
HPI water pHPI = 1170 kg/m
difference 5B = 195 kg/m®

This gives the following relative density difference:

Y - P
— = L L _ 5167

b PHPI

The density was verified by an areometer before each test. The accurate den-
sities obtained in each test are given in ‘the corresponding data sheet.

3.2 Measurement of the Specific Heat Capacity

The common behaviour of hot water and cold salt water was examined by mixing
them and by measuring the temperature of the mixture.

In the test, 1 dn® (= 10° n® )of hot water having a temperature of about

70 °C was poured to a vacuum vessel and its accurate temperature was mea-
sured. After that, 1 dm’® of water having a temperature of 22 °C and the den-
sity of which had been increased with salt to 1.174 kg/m’ was added to the
vessel. Then the mixture temperature was measured. The results are shown in
Table 1. ’

Cold water Hot water Mixture Average Difference

°C °C oL °C °C °C
22.3 69.7 | 978 49.0 46.0 3.0
21.7 72.1| 974 50.1 46.9 3.2
22.3 72.4 ] 974 50.6. 47.4 3.2
22.9 70.0 | 978 49.5 46.5 3.0
22.2 71.3 | 976 49.8 46.8 3.0
22.3 71.7 | 976 50.1 47.0 3.1
22.6 66.9 | 978 47.6 44.7 2.9
22.4 71.7 | 976 50.1 47.1 3.0

Table 1. Results of the specific heat capacity measurements.



The measurements show that the temperature of the mixture is 3.1 °C higher
than the volumetric average temperature of the mixed waters. The variation
was very small during the different tests.

From the figures given in Table 1 it can be calculated that the mixture tem-
perature becomes about 2 °C higher than the average, if hot and cold salt
water are mixed in equal weights instead of equal volumes.

3.3 Test Conditions and Hesults

In the tests the loop flow (Q,) and the HPI flow (Q ) were varied. The
test conditions were divided Into five groups:

Group l: Tests in which interaction of plumes caused by HPI into two cold
legs was studied. The loop flow was introduced to one c¢old leg
only.

Group 2: Tests in which HPI was injected into one cold leg only, and loop
flow was introduced in another cold leg.

Group 3: Tests in which loop flow was O dm’/s in all cold legs.

Group 4: Tests in which the loop flow temperature was lowered stepwise dur-
ing the measurements from 75 °C to 25 °C. The temperature decrease
steps and the corresponding loop flow temperatures are shown on
the temperature curve of detector # 68 in the result drawings.

It gives the 1loop flow temperature from the cold leg C to the
downcomer.

Group 5: Tests in which the plume interaction was studied when both HPI and
loop flow were introduced to two cold legs.

In addition, tests were made in which flow behaviour and mixing in the down-
comer were recorded by photographing.

Table 2 shows all the test conditions and the numbering of tests related to
them. The test numbers refer to the corresponding result drawings.

In the result drawings has been given the water temperature at each measur-
ing point of the facility as a function of time. The 0O point of the time
axis was set to the moment when HPI was started.

The results of test # 116 have not been given because the HPI flow varied
considerably during the test. This resulted from incorrect functioning of
the measuring device. The test was repeated and numbered to be test =t 117.



TEST GROUP QHPI[dms/s] QL[dm3/s]

A B C A B C
101 1 .73 .73 0 0 0 7.3
102 2 0 .42 0 0 0 4.2
103 1 1.48 1;48 0 ‘0 0 10.4
104 1 1.48 0 1.48f O 10.4 0O
105 1 0 1.48 1.48| 10.4 O 0
106 3 .42 0 .42 0 0 0
107 2 1.48 0 0 0 0 14.8
108 1 0 .42 42 4.2 0 0
109 2 1.04 © 0 0 0 4.2
110 2 .42 0 0 0 2.1 0
111 3 .42 .42 .42 o 0 0
112 3 1.04 0 1.04{ © 0 0
113 3 0 1.48 1.48| O 0 0
114 4 1.04 0 0 0 0 4.2
115 4 0 .42 0 0 0 .84
117 4 .0 .42 0 0 0 4.2
118 4 .42 0 0 0 0 4.2
119 5 1.04 O 1.04| 2.08 © 2.08
120 5 0 1.48 1.48| O 2.96 2.96

Table 2. Test matrix.
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' Fr
QHPI ) CL,HPI
[dm® /s] {gal/min] -

0.42 6.6 0.4
0.73 11.6 0.7
1.04 16.5 1
1.48 23.5 1.42
oL
[dm® /5] . lgal/min]
0.84 13.2
2.08 33
2.96 47
4.2 65
~10.4 165
14.8 235
ol wpy = Qupr / Aoy
’ (gDg Ap/p )

Table 3. Used flow rates and corresponding cold leg
Froude-numbers for HPI

3.4 Flow Visualization

In three tests the flows were recorded by photographing. The test conditions
corresponded in accordance with the test matrix to the following tests:

Test # 102, in which the flows in the downcomer were photographed (figures
Al to Al0).

Test # 106, in which were photographed the flow in the downcomer (figures
Bl to B7) and the water stratification in the cold leg pipe A
(figures C1 to Cl10).

Test # 113, in which the flow in the downcomer was photographed (figures
D1 to D6).

The cold HPI water was dyed red to visualize the flow. The photographing

moment/period has also been given. It indicates the time that has passed
from the moment the HPI water was turned to flow into €old legs.

11



Behaviour of plumes in the downcomer was also recorded by drawing for tests
# 105, 108, 109, 112, 113, 115, 116, 118, 119 and 120. These have been pre-
. sented in drawings 4 to 13. Some thermocouple readings have been added to
each drawing to better illustrate the situation. In the case of changing
behaviour, drawings have been made for different periods of time.

Drawings 4 and 5 (tests # 105 and 108) show the typical behaviour of the
tests of group 1: two HPI plumes tend to join and thermal stratification is
seen in the downcomer because of the loop flow in the third cold leg. There
is no flow through the surface of stratified layer. Hot water flows verti-
cally in the nozzle area and mixes into vertical HPI-plumes.

Drawings 6 and 7 represent the corresponding behaviour of the tests in
group 2. One vertical plume is formed and thermal stratification is again
seen in the downcomer.

In drawings 8 and 9 are shown the mixing and interaction of two HPI plumes
without any loop flow (group 3). The plumes show a tendency to join but most
of the time they are unstable. The temperature of all the downcomer region
decays exponentially and no stratification effects are seen in the down-
comer.

Drawings 10 and 11 show two tests from group 4. During these tests HPI was
introduced to one cold leg. Loop flow temperature in another cold leg was
decreased gradually. These tests were aimed to simulate the situation during
steam line break. Again the tendency of plumes to unstable behaviour is
seen.

The situation where both loop flow and HPI takes place, in the same loop is

shown by drawings 12 and 13. Mixing in the cold leg is very good but strati-
fication is still present. This is illustrated by the cold leg flow distri-

bution in the drawing 13. These tests belong to group 5.

12



4.0 CONCLUSTONS

The performed tests confirm good mixing in a semiannular downcomer with in-
teracting buoyant plumes. Interacting plumes often show a tendency to join,
especially if loop flow is maintained in another loop. When loop flows are
very low or zero, interacting plumes are unstable, thus increasing mixing.
In the case of unstable behaviour, plumes are not necessarily vertical all
the time, but cold HPI plume can even turn to the side or upwards depending
on the recirculation flows in the downcomer and on the fact how strong
the plumes are.

In this report the test results have been presented withaut'further inter-
pretations. The given results will be utilized by NRC to asses the REMIX-
code that has been developed for mixing calculations [3].

13
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS

Test : 105 Q, 10.4  dmJs Q

HPILA
- 3
p = g977. ka/m HPL

HPLC

0.00

1.48

1.48
172,

a
a
P

dm¥s
dms
dmys

kg/m?

80
T 51 ()

80

40

20

a0
T 52 (e

80

40

20

80
T 53 e

80

40

20

80

ws

T 54 8o

40

20

80

©)
T 85 a0

40

20

111




FLUID AND

dest : 105

T 86

T 57

T &8

T 89

T 60

a0

(o)

80

40

20

a0
(o)

§°3)

(s
a0

40

20

a0
(o)

20. 8.1885

THERMAL MIXING TESTS

Q, = 104 dmls Q,, = 000 duis

p = 977. kg/m® Qp, = 148 dmls
B = 148  dnis
p = M72.  kg/m?

..........................................................................................

........................................................................................

........................................................................................

.........................................................................

..........................................................................................

..........................................................................................

..........................................................................................

..........................................................................................

80 feeccrees

40

20

112



25. B.1985

FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUIDY AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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Test : 107 Q 14.8  dmds a
P g977. kg/m® Q

a

P

n
-
1N
0]
o
3
w

c HPLA

HP1LB

i
O
(=)
o
Q
2
wm

t
o
o
o
o
S
w

80
T 1 fé ~—WWW\MWMW spgracseseresaeseres
40

20

) 80

T 2 [{v))
ao

40

a0

80
T 3 {=3]

o [ | o e e

40

20

80
[{o})

40

f=la]

80
{o}]

40

20

125



27. 6.1885

FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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15. 8.1885

FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND
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16. 8.1885

FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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16. B8.1885

FLUID AND THERMAL MIXING TESTS
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FLUID AND
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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THERMAL MIXING TESTS
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THERMAL MIXING TESTS

T 71

T 72

T 73

T74

T75

- 80

Q. = 42 dnils Qs - = 104 drils
- 3

p = 877. kg/m Qg = 000 drifs
Q = 0.00 dmls
HALC 3
p =  1B67. kg/m

80
(CJ --------- seasesccssoes “sev000000000cssrnscneeree R L L L IR E P PP YT ¥ se0esc00vscssserssne
eo s ses e e00sesceervrcrenstasansessee tessssesccsces tssescen L T Y P Y YR Y X Y evceovevsacnsene
40 ;—noc.o.o ........... e0e00000c0nsesrene sse0vsnscecccnnye seesnse vesseee 000 csessrcnssnnsrsassnssnanae
ao s css00decsnssccossnsacen t0ts0csenssscscee e e0essresensrsrnststene s 0008000000000 0000000000000000s

80

(0 frererorefececovscscosne sesscescsncsasssrsescones essessrcssece seseseascsans eeesnes cecserssvcsresans
B0 p=rcccerfercescscccarsacnncecaanes secscesscacese tessesasssceresrcane tesressesesesscssesscscscsccans
pucecsessfecccnscsssrsssnsecsscsscsccnennses L R R R R S R R ) $960000000800000000000000s cesse ..
40 fcrercefrerccccrceccne seseese tecsnsecase sessesseseccses seersccacces seteccssessccsscstsccsarsansans
leceeascedeorceosennscrerscscscrcnncssens D T T TP TPrR sesecesveserrractscestscesrsncacos coee
20 pmreccce]ees sesesssesesessnasaetas cesscescsscrasasees B T TR TR e
beceeesecdeccncsscocsacscanscraccnccacse tesencecssnnanccscsse sesvescrcsncsecrernsotsecercncssancs ves

T PSS AP PR TP R M MR B

ao

(C) ferecccsefoercccascasenss essssecssrecsssivecces etescsssecsassecsscane vesoossecssee secscscescssases .
B0 f—cosrerfocccee S secesesesvscestones esencscscrencae vesesecsececsaccrossecacccovaces
Leceecerefocecsosacenss secsscccsces cesesescarcesans cosesvecee P
40 b=cccerfeccnrens ceessorstsstasccsasnsassese eetarescsscsssoens e secencenes voss
e cosesasfococne N vesensse eesane P .
.20 ———tkdl LYY Y Y SU00000004000000000800000 000000 sessene tecsscnssnscsens vesessccssecssee ‘essesescen
beccccssefeccessrcossncnnce secesssasee sescerecees S vesseas

1 ] 1 I 1 l 1 I 1 l 1 l 1 l i l 1 l 1

(c) e cccose

B0 f=—cccevefrssrcssccossccacccccss ssssssece 9000000000000 00000000000000000000000 000000 RcRTteRRRRRCETRS .
posssons edeesescsessescccsccccnes sscsese seveeveccvacssse tessccesccecsssssssosssens sesececscsssccene
40 f=ereeceefececcccsscccccesvonce seecssecscvnroce 9eescrecssssseerscrsosacasessanse L T Y P Y YT Y P Y
peessvesadeccacescssssscasscssscscncsne R P PR Y YT Y sssvecces sveccsssscocscnsccene
20 pr=crerecfeccccccccsssssocsrccrcocccconerces ®000s0000ccncns sseseccsces ssecscossenonne #0000eesessasee
precsccoofocensonsan eecesssscccesscrsecccconne ees00000000000s0 tessssssvectesesscnne ¢essssssncccscses

..........................................................................................

80

(C) frrecrcefecccecaccecccasroceccrsccscnreccnanne trescecnrescnces seseesssascoscasaes secerscanas sesecae
BO fe=cccercfescccccscrcestossrcancncanses NTTTITITN tesacessscsssrcssccssasesssense tecesseccsresstssnan
beoececsosfacsncsrastssssacccesocsncs tessteaterecsnetesecsscasscsnsesrsnane sesssscscsseesascancrence
Q0 fmeeresetficcrcccnccrcsssocsrcane vessretssetsesentasaascsccssreanes eeseesressesaresansestcsses sesaes
becaconee teessrssaceccscasctsscccrseanns seeasestesacssecessstescetersresarasrosresstessacsesecones
F=lo J TR P ) tecersesacanns seseees teeeesstescetecsetrrsctatstsrtasscnacsanane
STPRTIRS T teecvesesccassacssnancresisnssacne B T T LR TR PP PIIs vesncsnsae

167



16. 8.1985

FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS.
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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TESTS
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THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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26. 8.1885

FLUID AND THERMAL MIXING TESTS
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26. 8.1885

AND THERMAL MIXING TESTS
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26. 8.1885

FLUID AND THERMAL MIXING TESTS

0.0 dmJs Q = 42 dmis
Qs = 42 dmls
Qe = 42 dmls
p = 166. kg/m?®
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS

Test : M el 0.0 dmis Q. = 42 dmls
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS

Test : (0 Q 00  dmls B, = 42 dnfs
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26. 8.1885

FLUID AND THERMAL MIXING TESTS

Test : " a = 0.0 dmls Qp, = 42 dms
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FLUID AND THERMAL MIXING TESTS

Test : 11 Q 0.0 dnfs Qs = 42 dmis
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS

Test : M a 0.0 dmys Q = 42 dmds
P g78.  kg/m®
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FLUID AND THERMAL MIXING TESTS

Test : Mm Q 0.0 dni¥s Q,, = 42 dnils
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26. 8.1885

FLUID AND THERMAL MIXING TESTS

Test : 11 @ = 00 dnfs Q. = 42 dmifs
p = 8978. kg/m Qpy = 42 dnifs
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FLUID AND -THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND
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FLUID AND THERMAL MIXING TESTS
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. Test : 112 G
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28. 8.1885
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND. . THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND
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THERMAL MIXING
Q@ = 0.0 dmds

28. 8.1885
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' FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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4, 8.1985

FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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18. 8.1885

FLUID AND THERMAL MIXING TESTS

Test : 14 Q 42  dmis Q
P g78.  kg/m®

"
5N
Q
BN
Q.
=8
(&)

c

fl
a
o
o
o
=
43}
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FLUID AND

Test

T76

T 77

T78
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18. 8.1885

THERMAL MIXING TESTS

B, = 42  dmls Q,, = 104 dnis
p = 978, kg/m’ Qn, = 000 dns
Qpc = 000 dn’s
p = 1170,  kg/m®

L e T
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10.10.1885

FLUID AND THERMAL MIXING TESTS

Test : 15

Qe

P

8 dms Q. = 000 dnis
3 "
= 978. ko/m

Q =
@mc = 000 dns
P
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T 1 (¢®3]
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FLUID AND

Test :
T 6
T 7
T 8
T 9
T 10

10.10.1985

THERMAL MIXING TESTS
GC

P

= .B

dmys - Q = 0.00 dmYs
= g78.  kg/m®

HPILA
= 42 dms

= 0.00 dmJs

G
GPPIC 2
p = - 11B8. kg/m
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»

FLUID AND

Test :

TM

T 12

T 13

T 14

T 15

10.10.1885

THERMAL MIXING TESTS

Q, = 8 dnis Q,, = 000 dmls
p = 978. kg/m® Qe = 42 dnis
Q.. = 000 dnis
P =  168.  kg/m®

eo
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o s s s
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40 =

20 (—--
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10.10.1885

FLUID AND THERMAL MIXING TESTS

Test : 15 Q, = B8 dmls e| = 000 dns

p = 878. kg/m® Q = 42 dms
' a = 0.00  dn¥s
p = 1188.  kg/m®
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T 18 (©) [+
Bo b0 2 p o6 A
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20 =
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T 17 (©) -
_ 80 (-
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L 1]

FLUID AND

Test :

T 21

T 22

T 23

T 24

T 25

10.10.1885

THERMAL MIXING TESTS

, = 8 dufls a = 000 dns

HPLA
p = 978. kg/m’ Q8,0 :
Q,. = 000 dnis
P
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10.10.18985

FLUID AND THERMAL MIXING TESTS

Test : 15 Q. = 8 dmis Q,, = 000 dnis

P g78.  kg/m? Q = 42  dnYs
Q = 000 dns
p =  168.  kg/m?

80
T 26 -

80 {—-

40 [—-
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T 27 (C) e
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40 {—--
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»)

FLUID
Test :

T 31

T 32

T 33

T34

T 35

AND
15

10.10.1885

THERMAL MIXING TESTS
Q. = 8 dnfls Q = 0.00 dmYs

c HPLA
p = 978. kg/m? Q,,
GHPI = 0.00 dnls
P

(o]
=  1BB. kg/m®
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10.10.1985

FLUID AND THERMAL MIXING TESTS

Test : 15 Q. 8 dmls 8, = 000 duis
p g78.  kg/m® Q = 42 dmi’s
Q = 0.00 dnis

p

=  1188. kg/m®

]

80

T 88 (C] -
80 (—

40 -

20 (-
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T 37 i
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40 (-
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(3]

- 10.10.1885

FLUID AND THERMAL MIXING TESTS

Test : 15 Q. = B8 dmls 8, = 000 dni¥s
p =" 878. kg/m® 8,ps : '

Q,. = 000 dmls

p

80 r-

T 41 . c) r---
60 -

40 pos o o

20 {—--

o ln1|1|1||lllyln'llllJtlll|ll|1J|l¢|1L1||||
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FLUID AND

Test : 115

T 46

T 47

T 48

T 49

T 50
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({3
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10.10.1985

THERMAL MIXING TESTS

Q. = 8 dmis Q,, = 000 dmls
p = g78.  kg/m® B, = 42 dnis
Q.. = 000 dnils
p = 168.  kg/m®
.
I N T P D A T O O O O P P I I e
IO O P T O T PN I O A O O O O O P A A P
|
IS O N P S O I P P A A P S IO A I O I I I
VI P PR PN PO PO N PR P P P I PO P P P I P
-
A P DS I A T O T T P P S P O I I

o 1

2 3 4 5 8 7 8 8 10 11 122 13 14 15 18 17 18 18 20
(min)
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LY

FLUID
Test :

T 51

T 582 -

T 63

T 54

T 55

AND
15

10.10.1885

THERMAL MIXING TESTS
GC

P

= 8 dmls Q,, = 000 dnls
3
= 978. kg/m Bpp = 42 dmis
e = 000 dms
HPIC
p = 1168.  kg/m®
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10.10.1885

FLUID AND THERMAL MIXING TESTS

Test : 15 Q. = 8 dnis Q = 000 dns

HPILA
p = 878, kg/m® Q,, :

B
Q,. = 000 dnls
P

,.C
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40
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FLUID AND

Test :

T 66

T 67

T 88

T 68

T70
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10.10.1985

THERMAL MIXING TESTS

Q. = 8  dmis Q. = 0.00 dmds
3 LA

p = 978. kg/m Qs = 42  dnis

Q.. = 000 dnds

p = 1168 kg/m?

X P PO D A P PO P P P P T I I O P

B O PO P I O T P I S P P I B B T I I A

p s b by by b b b b b b b et el ba s del,

0 1 2 3 4 5§ 8 7 8 810 1 12 13 14 15 18 17 18 4189 20
(min)
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FLUID AND

Test :

T 61

T 62

T 63

T 64

T 65

80

10.10.1885

THERMAL MIXING TESTS

a

P

c

8 dmis Q,, = 000 duis
3
878.  kg/m B = 42 dmls
Q,, = 000 dni¥s
P =  188.  kg/m®
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10.10.1885

FLUID AND THERMAL MIXING TESTS

Test : 15 a, B dm’s e} = 0.00 dnms
p = g78.  kg/m®
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FLUID AND

Test ¢ 15

T 76

T 77

T 78

T78

T 80
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10.10.1885

THERMAL MIXING TESTS

= 3 = 3
Q, = 8 dnis 8,, = 000 dnis

- 3

p = 978. kg/m B :

Q,, = 000 duis
p

,.C

P P PN P A A S P A P S P A O P I P

p o by e by U b by by b b bl by byl lelelsdy
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14.10.1885

FLUID AND THERMAL MIXING TESTS

Test : 17 Q, 42  dmis 8,, = D000 dmis
p a78.  kg/m®

1]

8,0s :
B, = 000 dmls
P

80
T 1 (©3 -t

80 f—-
40 p=+-
20 {—-

o L U T T S Y S T i T T S T T Ty
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T 2 [{s3 )] SXTN
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14.10.1885

FLUID AND THERMAL MIXING TESTS

Test : 1717 Q. = 42 dms 8, = 000 dnis

p = 8978,  kg/m’ Qe = 42 dmls
Q. = 000 duls
p = 1168.  kg/m®
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T 6 )
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LY

FLUID AND

Test :

TN

T 12

T 13

T 14

T15

17

ao

14.10.1885

THERMAL MIXING TESTS

Q, = 42 dmls Q,, = 000 dn¥s
p = g78.  kg/m® Qe . = 42 dms
amc = 000 dn¥s
p =  1188.  kg/m®
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14.10.1985

FLUID AND THERMAL MIXING TESTS

Test : 17 Q. = 42  dmis Q = 000 dm7s
p = g78.  kg/m®
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FLUID AND

Test

T 21

T 22

T 23

T 24

T25

14.10.1985

THERMAL MIXING TESTS

q, = 42  dmls Q,, = 000 dn¥s
3 LA

p = g78. kg/m Q, = 42 dmis

amc = . 0.00 dmalsa

p = 168 ka/m
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FLUID AND

Test :

T 26

T 27

T 28

T 29

T 30

14.10.1985

THERMAL MIXING TESTS
Q. = 4.2  dmJs a = 0.00 dmJs

c HPLA

p = 978. kg/m®

Q :
a8 3
O, = 000 dn¥s
p
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© f-e
60 [~
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FLUID AND

Test :

TN

T 32

T 33

T 34

T 35

17

80

14.10.1985

THERMAL MIXING TESTS

B, = 42 dm¥s Q,, = 000 dmis
p = 978, kg/m® Qpp = 42 dms
Q.. = 000 dmls
p = 1168 kg/m?®
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14.10.1885

FLUID AND THERMAL MIXING TESTS

Test : 17 Q. = 42 dmls B, = 000 duis
p = g78.  kg/m® Qs .

Q. = 000 dmls

p
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FLUID AND

Test :

T 4

T 42

T 43

T 44

T 45

"7

80

14.10.1885

THERMAL MIXING TESTS

Q. = 4.2 cim%a Q,, = 000 duis
p = 8978, kao/m Q :

Q. = 000 duis
P
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14.10.1885

FLUID AND THERMAL MIXING TESTS

Test :

T 46

T 47

T 48

T 48

T 50

Q. = 4.2  dmJs Q = 0.00 dmYs
(o 3 HPLA 3
p = 978 kg/m Qmm = 42 dm7s
: 8, = 0.00 dm7s
P = 1168 kg/m?
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FLUID AND

Test :

T 51

T 82

T 83

T 54

T 55
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14.10.1885

THERMAL MIXING TESTS

= 3 = 3
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FLUID AND

Test :
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THERMAL MIXING TESTS
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FLUID AND

Test :

T 61
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14.10.1885

THERMAL MIXING TESTS
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FLUID AND
Test :
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THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS

Test : 17 q, = 42  dmJs Q
p = 978, kg/m®
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FLUID AND

Test :
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14.10.1885

THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS

Test : 118
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FLUID AND

Test :
T B
T 7
T 8
T 8
T10

‘80
© f---
60 {—-

18.10.1885

THERMAL MIXING TESTS
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FLUID AND

Test ¢
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THERMAL MIXING TESTS
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FLUID AND
Test : 118

80

18.10.1885

THERMAL MIXING TESTS
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FLUID AND

Test : 118
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THERMAL MIXING TESTS

4.2  dmls Q = 42 dmds
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18.10.1885

FLUID AND THERMAL MIXING TESTS

Test :
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FLUID AND THERMAL MIXING TESTS

Test :
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18.10.1885

FLUID AND THERMAL MIXING TESTS

Test : 118 Q. 42  dmis B, = 42 dms
a ¥

p = 978, ka/m Qp, = 000 duis
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18.10.1885

FLUID AND THERMAL MIXING TESTS

Test : 18 Q, = 42 dn¥s Q,, = 42 dm¥s

p = 978, kg/m® Q |
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FLUID AND

Test :

T 46
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18.10.1985

THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS

Test : 118 Q, = 42  dnms Q
p = 978. ko/m®
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FLUID AND

Test 118
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18.10.1885

THERMAL MIXING TESTS

Q, = 42  dms B, = 42 3/s
p = 8978, kg/m® Q, = 000 dmis
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18.10.1985

FLUIDlAND THERMAL MIXING TESTS

Test : 118 Q, 42  dmJs Q. = 42 dmJs
P g78.  kg/m®
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18.10.1885

FLUID AND THERMAL MIXING TESTS

Test : 18 8, 42  dmls Q. = 42 dnils

P a7e.  kg/m® 0.00  dnfls
0.00 dmls
= 168,  kg/m®
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FLUID AND

Test :

T 71

T 72

T73

T 74

T75

18.10.1885

THERMAL MIXING TESTS

Q, = 42  dmis B, = 42 dmis

p = 878, kg/m?
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18.10.1885

FLUID AND THERMAL MIXING TESTS

Test : 118 Q, = 42  dnils Q. = 42 dnils
p = 978, kg/m Q,, = 000 dnis
- 3
Qupu,c = 0.00 dm’s
P =  M88.  kg/m?
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FLUID
Test :

28.10.1885

AND THERMAL MIXING TESTS

118
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FLUID AND
Test ¢ 19 -

28.10.1885

THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS

Test : 19 Que = 42  dmis Q
p = 978, kg/m?
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FLUID AND THERMAL MIXING TESTS
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FLUID AND

Test : 19 dm7s
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'FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND
Test : 119
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THERMAL MIXING TESTS
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FLUID AND
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FLUID AND
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FLUID AND THERMAL MIXING TESTS

Test : 119 Quc = 42  dnis
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FLUID AND
Test : 119
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THERMAL MIXING TESTS
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28.10.1885

FLUID AND THERMAL MIXING TESTS
Test : 18 Qpc = 42  dmis Q, = 104 dnis
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FLUID AND

Test : 18
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FLUID AND
Test : 19
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THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND

Test : 120
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FLUID AND
Test : 120
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FLUID .AND THERMAL MIXING TESTS

Test : 120 Qg = 58  dmis Qa
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND
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FLUID AND

Test 120
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FLUID AND
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING TESTS
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FLUID AND THERMAL MIXING

Test : 120
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FLUID AND
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FLUID AND
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