
co to (GC-83

Biennial Activity Report of

Reactor Engineering Laboratory-1983 & 1984

Edited by

i Swaminathan

8. Prabafad

' M INDIRA GANDHI CtHTRE FOR ATOMIC RESEARCH K A I M K ~ ' (

•....,.•-;• •^:-;--\/ - : S ' ^ ' i i : ' ^ - ' : P ^ : i : & } ' : ^ '; •••••['•• ' • ' • ^ • : : ' ' - ' \ - - ' - . y . • • .-• ..:;• '

• - .• - . - • T . - v - . . , . . , - . . . . - , r . . , . ^ ; . . V 1 . H > , . v > . . . - r , L . - . , - , v ' . , . - . , , , v : ^ , ' . . , r f ; * ; , , , v . 5 v . . , < ' •: v - . . ? . t 3 ' - > . ; 1 v « , o . . ^ • . • • - : - - . . ^ : r .:*...-. ...\:,.",.' . • ' ; i ' i



IGC - 83
GOVERNMENT OF INDIA 1986

DEPARTMENT OF ATOMIC ENERGY

BIENNIAL ACTIVITY REPORT OF REACTOR ENGINEERING LABORATORY
1983 & 1984

Edited by

K.Swaminathan and B.Prahlad

Indira Gandhi Centre for Atomic Research

Kalpakkam - 603 102

Tamil Nadu, India



FOREWORD

This report summarises activities of the Reactor

Laboratory for the period January 1983 to December 198-1. Th<j report

consists of four sections dealing with Development of rss^ter

components, prototype tests in sodium, Instrumentation Develop.T.gr.t ar.a

Measurement techniques and Noise Analysis techniques respectively, hs

is customary, the activities have been reported in orief but wh<?r

detailed reports have been prepared the same are referred. The xa:r.

thrust of the work of the laboratory was still in support of the FSTR

which is in an advanced stage of construction arid commissicr.ir.c at

Kalpakkarr. site. Purification of 100 tonnes of commercial grade sodi-ir.

to reactor grade, pouring of the liquid metal seals ar.d the

construction and commissioning of a sodium loop for calibration of the

hydrogen leak detector in all represented significant cor.trib-tior.

towards FBTR.

The section on Development of reactor components describes

efforts on construction of both electromagnetic and small mechanical

sodium pumps. Some insight has been gained in the design of the r.on

return valve of reactor sodium pump. Similarly some useful experience

in the making of tube to tube sheet welds has been acquired.

The activities concerning developmental-prototype tests m

sodium are as indicated in the contents. Sodium removal from the

control rod drive mechanism by means of vacuum distillation technique

has been a useful experience despite some difficulties faced due,

possibly, to the presence of extraneous matter in the decontamination

set-up.



The section on Instrumentation Development and
«

techniques describes interesting development concerning ultrasor.ic

imaging for under sodium viewing.

The last section on Noise Analysis techniques describes scse

experience gained in the detection of cavitation in dummy fuel

suoassembly by means of acoustic technique. The developmental efforts

on construction of high temperature acoustic sensors of botr.

piezoelectric and magnetostrictive type have been encouraging.

At the end of the report is included a list of technical

publications of the laboratory.

(R.D. KALE)
Engineer-In-Charge

Reactor Engineering Laboratory
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1.0 DEVELOPMENT OF REACTOR COMPONENTS

1.1 Development of 50 Cubic Metre/hr Sodium Pump

(K.Balachander, N.Vijayan Varier, A.S.L.K.Rao and R.D.Kale)

The objectives of building a small sodium pump of 50 Cubic

Metre/Hr capacity and its design details were described in previous

activity reports (1,2). Fabrication of the pump was carried out by

two Indian manufacturers. Stainless steel castings of special quality

required for the pump were produced to radiographic level of class

II/III in accordance with ASTM-E446 by a Coimbatore Foundry. The

fabrication and assembly of the pump were done by another Indian firm

from Kolhapur.

The critical parts of the pump for manufacture include

shaft, hydrostatic bearing, inner casing and outer casing. All parts

of the pump are made out of AISI Type 304 stainless steel. The

hydrostatic bearing bush and journal were overlayed with stellite-6

deposit by means of oxyacetylene process to achieve a final hardness

of 51 RC. The mating surfaces of the bush and journal were later

finished by grinding and honing to a tolerance of 10 microns. The

stellite-deposited portions were checked to be free from surface

defects by dye-penetrant examination. All welds were carried out

using TIG welding process to radiographic quality.

Concentricity among the suction casing, hydrostatic bearing

bush, inner vessel and housing flanges has to be ensured within few

microns, because of very small radial clearance (100 microns) between

hydrostatic bearing journal and the bush. The concentricity,

perpendicularity and parallelism were measured on the inner vessel and

outer vessel at various locations during their machining on a

precision boring machine.



tt* mm.

Fig:1.M.CENTRIFUGAL SODIUM PUMP-50m3/hi



The impeller was balanced co within 2 gm.cm at 1400

while the entire rotating assembly was balanced on two planes wi';:n

an imbalance not exceeding 20 gin.cm at 1200 rpm as per the design

requirement. The pump was assembled to its complete shape as shown ir,

Pig. (I. 1.1) The radial clearance between the hydrostatic boavir.q

journal and the bush was checked after assembly and it was four.d tc

vary between 90 and 100 microns.

The pump has been recently received at site and its

performance testing in water and subsequently in sodium are being

planned.

References

1. Activity Report of Reactor Engineering Lab., (1980)

2. Activity Report of Reactor Engineering Lab., (1981)

1.2 Testing o£ Hydrostatic Bearing for a Mechanical Sodium Pump

(S.Baskar, A.S.L.K.Rao and R.D.Kale)

The results of theoretical predictions regarding the load

bearing capacity and flow through a right cylindrical hydrostatic

bearing of a sodium pump were reported in the earlier activity

report(1).

A water-test facility for testing the above mentioned

hydrostatic bearing was constructed as shown in Fig.(1.2.1). The

facility consists of a test section with a full scale hydrostatic

bearing, the journal of which is driven by a vertically mounted motor.

Pressurised water fed as lubricant (simulating sodium) through the

pockets of the journal flows through the fine clearances of the

bearing into a sump from where it is pumped back into the bearing.
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In order to measure the load bearing capacity of the bearing,

the bearing sleeve is laterally displaced by means of a known force

and its displacement measured using dial indicators with an accuracy

of 2 microns. The known force will be applied by means of providing a

ring-dynamometer having a force range of 0-SOOKgf.

During the commissioning of the test rig, problems of chckinc

of the fine bearing clearance due to particulates in water were

encountered. This was subsequently solved by placing a fine filter in

the circuit. The pressure drops across the orifice and the land

clearance of the bearing were experimentally measured for various flow

rates of water ranging from 2 to 7 Cubic Metre/Hr through the bearing.

From the pressure drop vs flow plot, it was observed that the flow in

the land clearance becomes turbulent above a flow rate of 4 Cubic

Metre/Hr contrary to the earlier assumption of laminar flow throjgh

such fine passages. Hence our earlier assumption of laminar flow was

changed accordingly to a turbulent flow and calculations of pressure

drops across the bearing were revised. The revised calculations were

in good agreement with the experimental values.

Further experiments are being planned to measure the load

bearing capacity for different eccentricities of the journal in the

hydrostatic bearing.

Reference

1. Activity Report of Reactor Engineering Lab.,(1982)
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1.3 Design and Dynamics of Non Return Valves

(Chander Raju, T.G.Gunasekaran, N.S.Shivakumar and R.D.Kale)

a) Dynamics of Non Return Valve;

Non Return Valves (NRV) are used in the primary circuits of

fast reactors to avoid bypassing of reactor coolant flow through che

idle pump. For FBTR it is a float operated valve without spring.

Fig.(1.3.1) shows the arrangement. The NRV float is designed in such

a way that its apparent density is equal to the density of liquid

metal at operating temperature, to nullify the effect of buoyancy and

gravitational forces. It can remain in either open, closed or

partially open condition. Its state will depend on the forces applied

on it. Valve is in open condition during normal operation and :t

closes only when reverse flow occurs. NRV has to be closed in a

controlled manner during reverse flow. Otherwise it can cause either

"water-hammer" or coolant starvation to reactor. Fig.(1.3.2) shows

the general arrangement of primary loop in FBTR. For controlled

closing, float with labyrinth type of rings is housed in a float

chamber which acts as a dash pot. Force to close the valve is

determined by the pressure drop across seat. A aathematical model was

formulated by balancing the upward and downward forces. The

difference between these forces determines the acceleration of float-

seat assembly. From the study, it was found that the valve closes in

about 0.4 seconds (1). It was also found that the closing time is a

very strong function of labyrinth gap. Results are shown in

Fig.(1.3.3) and Fig.(1.3.4). Hence closing tine can be varied by-

judicious variation of labyrinth gap.
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b) Preliminary design of PFBR Non Return Valve

Float type of concept was retained for PFBR-NRV also. T.ie

valve has been designed such that density of float-seat assembly :s

equal to that of the liquid metal at the operating temperature. This

will reduce the force required for closing the valve. Valve seat

geometry was optimised using FEM (SAP-IV code) such that it will have

equal stress at all locations. Float was designed to withstand a-

external pressure of 7 Kgf/Sq.cm. Labyrinth rings on the float ac~

as stiffner also. Pressure drop across NRV during normal operation

was xinimised by designing the geometry such that the velocity changes

are avoided. Figure.(1.3.1) also includes the overall dimensions of

PF&3-XRV. • ,

References:

1. Char.der Raju, T.G.Gunasekaran and N.S.Shivakumar, "Non Return

Valve Hydraulics", Internal Note, RRC/REL/DN-84, ( 198-1)

2. Chander Raju & T.G.Gunasekaran, "PFBR Non Return Valve Design",

Internal Note, RRC/REL/DN-85,(1984)

1.4 Internal Bore Welding of Tube to Tube Sheet iji Ferritic Steel

(N.Vijayan Varier and K.Swaminathan)

Steam is generated due to transfer of heat by the sodijir.

flowing in the shell to the water in the tubes of the steam generator

of a Fast Reactor. The integrity of the joints between the tubes and

the tube sheet of the generator is vital in order to avoid certain

undesirable consequences due to a violent sodium to water reaction :r.

case of water leak through joint. This weld joint must, therefore, ce

of very high quality free from defects. A butt weld based on ir.rerr.al

bore welding method is amenable to radiographic inspection and also
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eliminates long crevices typical of conventional tube/tube sheet welds

such as Fillet weld, Recessed weld etc. Development of weld joints

based on the above method on 12.3 mm ID, 2.3mm thick tubes typical of

a steam generator of PFBR is described below.

Welding equipment and process:

The schematic of the internal bore welding set-up is as shown

in Fig.(1.4.1). The welding equipment used is from M/s Arc Machines

Incorporated, U.S.A. It essentially consists of a weld-head and a

programmable power supply. The weld-head is supported on the face-

side of the tube sheet by means of its pneumatic collet and the

electrode gun is inserted inside the tube sheet bore such that the

electrode is positioned at the interface between the tube sheet boss

and the tube. The TIG welding of the joint is carried out internally

by allowing the electrode-gun to rotate about its axis soon after the

arc is struck. The welding cycle is normally ended after the

electrode has travelled over just more than one revolution.

The essential features of the power supply are (i) 4 levels

(high) of weld current and one low current and their durations in a

weld sequence (2) Provision for DC or pulsed currents and (3)

electrode rotational speed etc. The values of the above parameters

are pre-selectable and the whole sequence can be gone through in "Test

run" without striking arc prior to the actual welding.

Typical weld sequence is as shown in Fig.(1.4.2) which starts

with pre-purging and goes through the different phases viz. electrode

rotation delay, pulsed currents alternating between high and low

values over four pre-selected durations in succession and then ends up

with current ramping down to zero value over a selected period
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followed by the post-purge. Typical values of parameters set in our

trial runs are also indicated in the above figure.

Observations and Difficulties faced;

From the limited no. of weld trials conducted so far, the

following could be observed. Proper fusion could be achieved when the

electrode is positioned at 0.25mm away from the joint interface on the

tube sheet side. Misalignment between tube and tube sheet boss could

be minimised by means of a fixture to hold the tube with application

of certain axial force at the interface.

The main defects observed in the test pieces were concavity

on the weld outside the tube and porosity. Initial trials indicate

that an optimum value of a differential pressure of 10mm water column,

with arc gas pressure higher than the back-up gas pressure, helped in

overcoming the concavity. Porosity has been minimised by resorting to

better cleaning techniques. The use of Rod-anode X-ray source (a High

resolution radiography) was found to reveal defects which are barely

detectable through the conventional radiographic machine. A more

detailed account of the above points is described at Ref.(i).

Conclusion:

The limited number of weld trials conducted so far has

yielded encouraging results in overcoming the problem of tube to tube

sheet-boss misalignment, weld concavity and porosity. More trials are

to be made to arrive at the optimum parameters which would give rise

to consistent weld quality of acceptable level.

References

1. H.D.Kale, K.Swaminathan and N.Vijayan Varier, "Bore welding 2 1/4

Cr-IMo steel tube to tube sheet joints" - Symposium on Recent
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Fig.J.5.A. The Stator Coil
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developments in welding processes and metallurgy - Feb.85, BAKC.

1.5 Stator Assembly for Plat Linear Induction Sodium Pump

(S.Sundarasekaran and R.Prabhakar)

The principal design eharaeteristics of the Flat Linear

Induction Pump (FLIP) under construction at REL have been described

in the report at Ref.(1). This 20 Cubic Motrc/hr sodium pump has two

stators with distributed 3-Phase winding, placed above and below the

sodium duct. Fig.(1.5.1) shows the dimensions of the stator assembly,

which has two slots per pole per phase and the winding configuration

is of double layer, short-pitched and lap winding type. Out of 28

slots of the stator, four slots of each end are half-filled resulting

in 24 coils per stator. In view of the high temperature in the pump

o
duct (about 550 C), class H electrical insulation is provided for the

winding and further the stators are cooled by forced-air during

operation of the pump.

The stator core is made of grade 41 cold-rolled, grain-

oriented silicon steel laminations and two stator-cores were assembled

as shown in Fig.(1.5.2).

Each coil consists of two 15 SWG Class H enamelled copper

conductors in parallel with 4 turns per layer and 17 layers. The

stator coil was formed in two stages. The coil with required number

of turns and layers was initially wound on a wooden former and this

was subsequently shaped to the required profile using a shaping gear

specidlly made for the purpose. Fig.(1.5.3) and Fig.(1.5.4)

illustrate the shaping-gear and the stator coil respectively. Coil

and insulation resistances were measured on each coil, and a total of

48 coils were formed and installed into the slots of the stator after
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Fig.1.5.5. A view of a completed stator assembly
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providing mica liners in each slot.

Search coils were also installed at a few locations in order

to measure the tooth and yoke flux. The insulation resistance of a'!

coils was measured after assembly and found satisfactory. Two stator

assemblies are completed. Pig.(1.5.5) shows the view of a completed

stator assembly.

Reference

1. Activity Report of Reactor Engineering Lab., (1982)

1.6 Fabrication of a Duct Assembly for Flat Linear Induction Pump

(S.Sundarasekaran, R.Prabhakar and S.C.Chetal)

Construction of a 20 Cubic Metre/hr Flat Linear Induction

Pump was initiated at REL based upon the design work carried out by

the Department of Electrical Engineering, IIT, Madras. The ratings of

the pump and general assembly details were outlined in report at Ref.

(1).

The duct assembly consists of a stainless steel flow channel

of rectangular cross section with copper electrodes joined to the

edges, as shown in Fig.(1.6.1). The copper electrodes are similar to

end rings in an induction motor and they provide a low resistance path

for the induced currents in sodium. The fabrication details of the

flow channel were also described in the report at Ref.(1). In this

report, the technique adopted for joining the copper electrode to the

stainless steel channel and the subsequent inspections that were

carried out are described.

Three methods, namely furnace brazing with Nicrobraze filler.
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TIG welding with Nickel filler wire and explosive welding were

considered for joining copper electrodes to stainless steel part. Due

to limitations in -he facilities available, for the first duct

assembly, TIG welding method was followed. The welding was carried

out at Central Workshop, RRC and detailed inspection consisting Of

ultrasonic testing and radiography was carried out at Radio Metallurgy

Lab., RRC. Detailed description of this work is given in a paper at

Ref.{2).

The joining technique consisted of initially overlaying

Nickel filler metal on copper bar and then welding the overlaid nickel

to stainless steel using the same filler metal again. During overlay

operation, the copper part was preheated and maintained at 600 C.

Final welding was done using a fixture to minimise distortion. The

above procedures were finally arrived at after carrying out initial

trials.

Ultrasonic inspection was carried out at first on the overlay

and later-on on the completed joint which was also subjected to

radiography test. Lack of fusion defects were detected at a number of

points. However, the joints were still considered satisfactory as the

defective area worked out to be only 6.8% in comparison to the total

area of joint interface. For the intended application, the above loss

in area is considered to be nominal.

The completed duct was also subjected to hydraulic pressure

test and Helium leak test as per pressure vessel code requirements and

the results were satisfactory. Fig.(1.6.2.) shows the completed duct

assembly.
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References:

1. Activity Report of Reactor Engineering Lab., (1982)

2. O.K.Bhattacharya et al- "Joining of copper conductors with

austenitic stainless steel duct in an electromagnetic pump -

Methods and NOT" - National Seminar on Welding, (1984).
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2.0 DEVELOPMENTAL/PROTOTYPE TESTS IN SODIUM

2.1 Purification of Sodium for FBTR:

(M.Rajan, K.Gurumoorthy, K.K.Rajan, R.Prabhakar and R.P.Kale1

Fast Breeder Test Reactor needs a total inventory of 150

tonnes of reactor grade sodium for primary, secondary and flooding

circuits of the reactor. The indigenously available sodium is of

commercial grade having high degree of impurities which, if as such

allowed to enter into the reactor, tend to cause problems of plugging

narrow passages and corrosion of structural materials. Purification

of the commercial grade sodium to reactor grade was hence necessary

before charging the sodium into the reactor circuits.

Process of Purification:

The process of purification of sodium involved melting of

sodium bricks, filtration and cold trapping. The commercial grade

sodium received in the form of bricks, weighing 16 Kg each, contains

nearly 1.5 percent total impurities. The major impurities are sodium

oxide, sodium hydride, sodium hydroxide and calcium oxide. The sodium

bricks are charged into a tank of 1 tonne capacity wherein the sodium

is melted and heated to 120°C under argon covergas by external

electrical heating of the tank. At this stage, major quantity of the

impurities floats on the sodium surface, while heavy impurities settle

down in the tank. The liquid sodium is then passed through a bank of

coarse filters which remove substantial quantities of the impurities.

After coarse filtration, liquid sodium is transferred to a tank of 6

tonne capacity, wherein it is further heated to a temperature of

o
300 C in order to convert the soluble metallic calcium into insoluble

calcium oxide. The sodium is subsequently cooled to 120 t, filtered

through a microfilter of 14 micron pore-size and then transferred into
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one of two tanks of 30 tonne capacity each. Upto this stage, the

transfer of sodium from one tank to another is effected by

application of differential argon gas pressure.

The micro-filtered liquid sodium is further purified by a

process called "cold trapping". The sodium in the tank is circulated

through a cold trap by means of an electromagnetic sodium pump. The

dynamic sodium loop with cold trap, e.m.pump, the tank and associated

components is as shown in Pig.(2.1.1). In the cold trap, the sodium

is cooled to a temperature of 120 C, thus precipitating impurities

like sodium oxide, sodium hydride etc. having strong temperature-

dependent solubility. Continuous circulation of sodium through the

trap purifies sodium to reactor grade quality with an impurity

content of oxygen < 10 ppm, hydrogen 4 2 ppm, calcium < 10 ppm and

total impurity content < 500 ppm.

Operation of the Facility:

The purification facility was commissioned in mid-1983 and

operations were carried out following the above procedures. Till now

about 98 tonnes of commercial grade sodium has been purified to

reactor grade.

Large quantities of impurities had accumulated in the two

melter tanks preventing further sodium melting and filtration

processes. The removal of accumulated impurities was successfully

carried out from the melter tanks by removing the mixed waste of

sodium and the impurities as a slurry at a temperature of 100°C, The

mixed waste was then disposed off by burning and water washing.



Transportation of Sodium to FBTR:

The reactor grade sodium was later transferred into

transportation tanks in batches of 5 tonnes for transporting to FB?K

site. The transportation tank was installed on a tractor-trailer as

shown in Pig.(2.1.2) which carried liquid sodium from purification

facility to reactor storage tanks located half a kilometer away.

Necessary care was taken to avoid any external contamination to

sodium. Out of a total requirement of 98 tonnes of purified sodium,

77 tonnes required for FBTR primary and secondary circuits were

delivered at FBTR site till now. The pure sodium requirement for

flooding circuit of FBTR will be met by end 1985.

2.2 Sodium Loop for Calibration o£ Hydrogen Detector (CAU3BNA);

(M.Rajan)

The nickel membrane hydrogen detector is a sensitive

instrument used to detect the sodium-water reaction at an early stage

and two such detectors will be used in the two secondary circuits of

FBTR. Prior to their installation on the reactor system, a prototype

detector will be calibrated in a sodium loop CALDENA specially built

for the purpose. The hydrogen detector consists of a nickel membrane

through which hydrogen present in sodium will diffuse into a high

vacuum system on the outer side of the membrane. The partial pressure

of the diffusing hydrogen is measured by a quadrupole mass

spectrometer. The calibration of the detection system and its

performance are being studied in flowing sodium system at a

o

temperature of 450 C.

A sodium loop (CALDENA) was designed and constructed by

Reactor Engineering Lab. as shown in Fig.(2.2.1). This is a dynamic



FIG: 2.2.1
CALDENA LOOP.
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sodium loop consisting of a dump tank, e.m.pump, heater vessel/ cold

trap, plugging indicator, vent pot, sodium sampler etc. The hold-up

of sodium in the dump tank is 500 Kg and it is circulated in the loop

at an isothermal temperature of 450 t which is controlled to an

accuracy of I °C. The hydrogen concentration of sodium in the dump

tank is varied by means of a separate hydrogen injection system

through which a known quantity of hydrogen is allowed to react with

sodium by bubbling it into the sodium in dump tank. The hydrogen in

sodium then diffuses through the Nickel membrane into high vacuum

system which consists of a quadrupole mass spectrometer, sputter-ion

pump and a sorption pump. The diffused hydrogen increases the partial

pressure of hydrogen in the vacuum system, which is monitored by the

quadrupole mass-spectrometer. An increase in partial pressure of

hydrogen indicates a corresponding increase in the concentration of

hydrogen in sodium. The entire detection system is as shown in Fig.

(2.2.2) and the high vacuum system was supplied by Technical Physics

Division, BARC.

Additions of hydrogen to sodium are being carried out and the

behaviour of the detector is being monitored. During one of the trial

runs, the response of the detector for a very small addition of

hydrogen was obtained as shown in Fig.(2.2.3). Preliminary tests

carried out so far indicate that the detector is functioning as

expected and further calibration work is in progress.

2.3 Pouring of_ Liquid Metal Seals for FOTR:

(R.D.Kale, K.Balachander and P.Thiayagarajan)

The liquid metal seals play a crucial role in isolating radio

active argon covergas in the reactor vessel from external atmosphere.

These are dip seals conceived such that they provide effective sealing
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both in solid and liquid condition, the latter permitting rotation of

plugs during fuel handling as shown in Fig.(2.3.1). A binary

eutectic alloy of Bismuth (56%) and Tin (42%) is selected as sealing

material because of the following advantages.

- a low single melting point of 139%

- no shrinkage during solidification

- good mechanical properties

This alloy does not readily wet and bond with stainless steel

(S.S) surfaces of the container because of the presence of passive

chromium oxide layer. This necessitates preparation of container

surfaces and their tinning prior to pouring of the liquid metal. The

-8
seal is required to have a leaktightness of 1.0x10 Std.cc/sec or

better. Stainless steel tubs to contain the sealing alloy were

procured from M/s BHEL, Hyderabad.

Liquid Metal Seal for the Large Rotating Plug:

Surface preparation;

The S.S. surfaces were roughened using coarse emery sheet and

then pickled with HF-HNO solution to destroy the passive layer and
3

generate a matt finish improving the adherence of the alloy. The

surfaces were finally rinsed and dried.

Tinning of the surfaces:

It is important to apply a mild, non-corrosive flux free of

halogen like orthophosphoric acid to activate the stainless steel

surfaces prior to tinning. Tinning was performed within 30 minutes

of flux application by means of specially made copper soldering irons

o
heated to above 250 C. It was important to maintain the temperature

o
of the iron above 200 C because the flux is highly active only in the
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Fig.2.3.2 A Special melting and pouring rig for
The Liquid Metal Seal
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temperature range of 200 to 250°C. The tinned surfaces were then

rinsed with water to remove the residual flux and later protected by a

layer of rosin gum dissolved in an alcohol base.

Pouring of the alloy;

A special melting and pouring rig was fabricated as shown in

Pig.(2.3.2) to feed the liquid alloy at several locations in the

tinned tubs. This was necessary in order to avoid large temperature

difference and thermal stresses/distortion in the seal container. A

temperature of 250°C for pouring the liquid alloy and a preheat

temperature of 80 C on the tub were selected based on previous

experience to obtain good bond on solidification. However, alloy was

heated to 280 C to include sufficient superheat to take care of

chilling in several runner pipings. A predetermined quantity of the

alloy was poured and its level was measured using dip sticks.

Leak test:

The seal was helium-leak tested with outer half (space-A) of

the seal space held under vacuum as shown in Fig.(2.3.3) and inner

half (space-B) sprayed with Helium gas. There was no measurable leak

-8
at a sensitivity of 1.0x10 Std. cc/sec.

The seal was then subjected to two thermal cycles between room

o
temperature and 170 C. The heating rate was throughout maintained

o
below 20 C/hr in order to avoid failure of the bond between the alloy

and the container surface. A second helium leak test that followed

was also successful.

Supplementary works:

The inner tab was filled with a quartenary low melting alloy

(m.p.70 C) in which immersion heaters and thermocouples were placed.

The alloy serves as a heat transfer medium to melt the sealing alloy
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uniformly.

The completed seal was then transported to the FBTR site Cor

installation on the reactor.

A similar procedure was adopted for the Liquid Metal Seal of

small rotating plug and completed successfully.

2.4 Testing of CRDM ^n Sodium:

(R.Veerasamy. G.Ramalingam and A.Sur)

In continuation with the performance testing of Control Rod

Drive Mechanisms (CRDMs) of FBTR, functional testing of CRDM-B was

carried out in liquid sodium under conditions similar to FBTR

operating conditions. The details of the sodium test facility were

reported earlier at Ref.(1). The testing of CRDM-B in sodium was done

in two phases, where in the first phase the drive mechanism and the

control rod were aligned in line, and in the second phase the two were

misaligned by 10mm with respect to each other.

The following functional tests were conducted on CRDM-B in

static liquid sodium at 180°C in Phase-I.

i) Measurement of differential expansion between the gripper

control tube and translation tube

ii) Tests on gripper including measurement of gripper torque

iii) Measurement of translation torque

The sodium temperature was raised to 550% in Phase-I.

i) Measurement of differential expansion between the gripper

control tube and the translation tube

ii) Functional tests on translation operation,

iii) Fast dropping tests,

iv) Measurement of differential expansion



The sodium temperature was then lowered to 180°C.

At the end of Phase I, it was found that the CROM was

misaligned with respect to its control rod by about 10 mm, which was

later found to be due to CROM bending. Hence the above test results

were taken for the case where the CRDM and control rod are misaligned.

In the second phase, the CRDM was aligned in line with the

control rod and all the above tests were repeated. The test results

are found satisfactory and reported separately.

•Reference

1. Activity Report of Reactor Engineering Lab., (1981)

2.5 Cleaning of Sodium-Contaminated CRDM by_ Vacuum Distillation:

(R.Veerasaniy and R.D.Kale)

Introduction

The performance of Control Rod Drive Mechanism-B (CRDM-B) of

FBTR was tested in a sodium-test facility at Reactor Engineering Lab.

under reactor operating conditions. The sodium-contaminated CRDM was

later cleaned by vacuum distillation method in order to remove the

sticking sodium. Because of failure of one of the bellows of C! '<

during testing in sodium, cleaning had to be carried out on both

inner and outer sides of the mechanise. The distillation procedure

was evaluated initially by conducting several experimental trials on

small specimens. Vacuum distillation process is recently being used

for sodium removal, as it has the advantage of removing .sodium

completely from fine crevices such as those involved in the bellows of

the mechanism.
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Experimental trials:

The experimental set-up as shown in Pig.(2.5.1) consists of

an evaporator, condenser and a vacuum pump along with necessary

instruments and heating arrangements. The trial specimen chosen was

an 1" stainless steel pipe with provision of tapped holes and a bolt

fitted in a threaded hole to simulate fine crevices. Also it

hold about 50 cc of sodium. The specimen was soaked separately in a

sodium tank at 375 C for several hours before introducing into the

evaporator of the set-up. The specimen was later subjected to vacuum

at high temperature. The temperature of evaporator was maintained at
0 o

450 C while that of the condenser was kept at 125 C. Evacuation of

the evaporator through the condenser continued till the vacuum

achieved was well below the vapour pressure of sodium at 453°C

(1.52mm Hg).

Almost all the 50cc of sodium sticking to the specimen got

distilled. Thin layer of white oxides was found on the specimen

surfaces. Nevertheless, the specimen could be directly immersed in

water to complete its cleaning. Total sodium sticking on the specimen

was less than 0.5 gm after the distillation. Though some black

deposits were noticed on the inner surfaces of the evaporator, the

specimen itself was clean. Prom the trials it was observed that the

condenser temperature shoots up immediately after starting evacuation,

due to condensation of sodium vapours. The condenser temperature

returns to its initial steady value when there is no more condensation

of the sodium vapour.

Description of vacuum distillation unit for cleaning the CRDM:

The distillation unit used for cleaning of CRDM, as shown in

Fig.(2.5.2), consists of an evaporator vessel (5.SM high and 200nun



- 44 -

diameter) and a condenser both connected by a 62mm dia. pipe line. A

gas header with vacuum pump* mercury manometer and a thermocouple-

vacuum-gauge was connected to the system. A separate gas lin was

provided for supply of argon gas. Electric heaters and thermocouples

were provided externally on the apparatus and the assembly was

insulated with glass wool. A control panel was provided for

controlling heaters and monitoring the temperatures.

Sodium sticking to the CRDM was estimated to be about 375 gm.

The CRDM was taken out of the sodium-test-vessel in a polythene bag

under argon purge and then placed into the evaporator vessel. Special

tools were made for handling the mechanism as the primary bellows had

to be kept in stretched condition during cleaning. After placing the

CRDM into evaporator vessel, the system was evacuated in cold

condition and filled with argon. The evaporater, condenser connection

and the condenser were then heated to temperature of 425°C, 250°C and

o
125 C respectively. After reaching desired temperature in the

evaporator, evacuation was started and continued for 24 hrs. The

o
condenser temperature shot up to 375 C and reduced to its initial

value after about 20 hrs of evacuation, showing completion of the

process.

The amount of sodium collected in the condenser was about 225

gm. The CRDM was taken out after cooling the system to room

temperature. A thin layer of black coating, mostly in powder form,

was found on the sodium-immersed parts and on the region exposed to

cover gas. The mechanism was . then thoroughly cleaned with

demineralised water.
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Conclusion

Vacuum distillation process of sodium removal from CRDM has

given valuable experience despite the difficulty arising out of some

impurities which left behind black deposits on the mechanicam. These

deposits largely contained carbon. It is believed that the deposits

had been formed due to possible presence of some extraneous matter

within the distillation vessel. It was, however, possible to remove

these deposits easily by washing with water.

2.6 A Model to Study Sodium Fire Suppression bjr Oxygen Cut-off in

Covered Trays

(Chander Raju, T.G.Gunasekaran and R.D.Kale)

Sodium systems located in air present a potential hazard, as

a spill of high temperature sodium will usually result in a fire.

Sodium fire can be extinguished manually by application of suitable

chemical powders or by usinq auto-extinction principle by cutting off

oxygen to the fire zone. Collecting the leaking liquid metal in a

covered tray is a very effective passive method of extinguishing

sodium fire by oxygen starvation.

The holes provided in the cover allow the burning sodium to

drain quickly into the covered tray. The burning metal inside gets

extinguished due to oxygen starvation. Arrangement of covered tray is

shown in Fig.(2.6.1). It has been established experimentally that the

covered tray is very effeccive in extinguishing the fire. However,

its effectiveness is a very strong function of the size of the hole

(area of hole) which must be around 0.5% of covered area for vffective
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extinguishment. A theoretical model was formulated to establish the

optimum opening area as described below.

Sodium inside the covered tray burns at a rate dependent

mainly on temperature of sodium and the oxygen concentration in the

combustion area. The heat of combustion heats up the liquid metal

itself, the metal walls of the tray and the air inside. Heat is lost

to ambient from the metal walls and through the hot aerosols/air

escaping from the holes. Energy and mass balance of all these

mechanisms enables to determine temperature of sodium and that of the

metal wall. Burning sodium consumes oxygen during combustion

depleting the oxygen concentration in the neighbourhood. This

reduction in oxygen concentration causes diffusion of oxygen into the

tray. At the same time, the pressure inside the tray also changes

with change in sodium temperature and mass of oxygen consumed. This

change in pressure drives the air in or out of the tray. All these

processes together determine the resultant oxygen concentration in the

chamber, which is a strong function of hole size.

Details of mathematical model are to be given in Ref-(1). A

computer programme was run for a tray size of 650 x 700 x 20mm having

4 holes of 20, 25, and 30mm diameter. Sodium temperature, oxygen

concentration and quantity of sodium burnt were found as a function of

time. Sodium temperature found by this model was in reasonable agree-

ment with the experimental results obtained earlier. This is shown in

Fig.(2.6.2). Effect of hole size can be easily understood from

Fig.(2.6.3) and Table 2.6.1. Reduction of hole size is always

beneficial for extinguishment. Nevertheless, the area of holes must

be sufficient to drain the sodium quickly into the tray. Earlier
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experiments have indicated that four holes of 25mm diameter are

required for quick draining. From the results/ it can be seen that

larger openings viz. holes of 30mm diameter (0.62%) and above are not

able to control the oxygen well below the threshold concentration of

5%, and hence result in a large time of extinguishment. An opening

area of about 0.5% of the covered area seems to be optimum for

controlling sodium fire effectively.

Table 2.6.1

Effect of hole size

Hole Opening area Extinguishment* Percentage Total** Percentage

Size as percent- time (sees) change in mass change in
(nun) age of extinghish- burnt mass burnt

covered area ment time (gins)

20

25

30

0.28

0.43

0.62

456

587

#N.E.

-22

0

«N

.0

.0

.E

144

223

332

.6

.86

.2

-35

0

48

.0

.0

* Sodium fire is considered as extinguished when the oxygen concen-
tration goes below 5% or the temperature of bulk sodium goes below
200 C

** Initial sodium quantity is 10,000 gms.

# N.E - Not extinguished

Reference

1. Chander Raju, T.G.Gunasekaran and R.D.Kale, "A Model to Study

Sodium Fire Suppression by Oxygen Cut-off in Covered Trays", VHIth

National Heat and Mass Transfer Conference, Visakhapatnam, (1985).
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3.0 INSTRUMENTATION DEVELOPMENT AND MEASUREMENT TECHNIQUES

3.1 Development of Ultrasonic Under-Sodium Viewer

(G.Elumalai and K.Swaminathan)

A concept for possible application of under-sodium viewer in

FBXK was mooted. An experimental model of the proposed viewer is as

shown in Pig.(3.1.1). It essentially consists of a IQOmm diameter

stainless steel pipe of about 1 metre long at the bottom of which an

ultrasonic transducer is mounted facing downward. This pipe, also

called spinner, is capable of being rotated about its axis by means of

a stepper motor mounted at its top. The ultrasonic transducer signal

is coupled through the rotating shaft by means of a slip ring and bush

arrangement. The spinner is mounted on a flange which is horizontally

moved through a nut and lead screw arrangement. The flange movement

simulates the movement of the rotating plug of the reactor on which

the spinner is to be mounted. As the transducer is mounted

eccentrically by about 15mm from the spinner axis, a single rotation

of spinner will give rise to a circular scanning trace. Many such

traces can be obtained through incremental movements of the flange

coupled with the spinner rotations. The above scanning pattern will

lead to imaging of objects directly below the spinner. The diameter

of spinner is suitable for insertion into one of the experimental

canals of FBTR and its length has to be increased to about 6 metres

for the proposed application.

Using the above experimental model, preliminary "imaging"

experiments were carried out in water. A stainless steel plate in the

form of "REL" stencil was positioned in water at the focal distance of

4.5 cms from the transducer. The size of the letter in the above
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stencil is of about Umm high and having a slot width of 3mm. Two

modes of scanning trials were made. Fig.(3.1.2) shows the image of

the stencil obtained by moving the spinner over it in a "raster-scan"

fashion. Fig.(3.1.3) shows the image obtained by the spinning method

described at the outset. Here, the spinner was made to spin about its

axis clockwise and anticlockwise alternately over a region cover*TJ

single quadrant only. This limited rotation was sufficient to image

the chosen object.

The method of obtaining an iia/ ̂ -copy image on an X-Y

recorder from the transducer signals was descriL- H for a "raster-scan"

at Ref.(i). Additional electronics were suitably incorporated to

obtain images due to "spinning" type of scan. The scanning was also

made automatic.

Some sort of distortion is found in the images obtained.

Cause for the same is being investigated and some more trials are to

be made to obtain better image.

Reference;

1. Activity Report of Reactor Engineering Lab. (1982)

3.2 Development of Plugging Filter Aerosol Detector (PFAD);

(K.Swaminathan)

Other than Sodium Ionization Detector (SID), another method

of detecting the presence of sodium aerosols in a carrier gas is by

means of a Plugging Filter Aerosol Detector (PFAD). In this method

the carrier gas is allowed to flow through a filter, the differential

pressure (AP) across which is continuously monitored. In case of

sodium leak, sodium aerosols in the gas get collected on the filter
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paper and so the AP increases from its original (background) value.

An alarm can be set to be triggered when the AP value crosses a pre-

set limit and this process leads to detection of sodium leak in a

primary atmosphere. In addition, chemical analysis of the residue on

the filter provides confirmation of the liquid metal leak. PPAD can

be used in conjunction with SID at the downstream of the latter so

that it may also serve the secondary purpose of filtering the active

sodium aerosols (due to sodium leak from primary atmosphere) from the

carrier gas.

Provision was made for the PPAD system, as shown in

Fig.(3.2.1), in the already existing SID calibration set-up through

incorporating a pressure transmitter at the upstream of the Filter-

holder and the gas was let out to atmosphere at down stream of the

Filter. Different concentrations of aerosols were generated by

sweeping the carrier gas (Nitrogen/Argon) over sodium kept at

o o
temperatures of 200 C to 300 C. Gas flow rate through the filter was

maintained at 1 lit/min and time taken to register certain value of

increase in AP for different filter types and aerosol concentrations

was noted. Later, the amount of aerosol residues on the filter paper

was quantitatively analysed. The results are indicated in Table

3.2.1. Typical PFAD response is as shown in Fig.(3.2.2). These

preliminary investigations indicate that:

1) Sodium aerosol concentrations of 5-10 microgram/litre

(corresponding to sodium temperature of 250°C) in the carrier gas

flowing through the filter detector at a rate of 1 litre/minute give

rise to 100% increase in AP, with a collection time of a few hours.

Whereas aerosol concentration of a fraction of microgram/litre
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(corresponding to a lower sodium temperature of 200°C) indicated the

need for larger collection times.

2) Eventhough glass fibre filter (having better physical and

chemical properties) has lower background AP# it has the collection

times comparable to that of other filters.

3) A low frequency fluctuations superimposed on AP response was

observed only with the gas carrying the aerosols. Hence this provides

the possibility of shortening the response time of the detector

through detecting the presence of the noise component alone.

Some more trials are to be made before recommending a

particular filter type for the actual use. The above decision will be

influenced by certain factors such as carrier gas flowrate, collection

time, back ground pressure drop etc.

References

1.K.Swaminathan, "Development of a Sodium Ionization Detector for

Sodium-gas-leaks" RRC37, (1979)

2."Small sodium-to-gas leak detectors for Monju", p.589, Transactions

of ANS, (1976)

3.Matin et al, "Liquid metal-to-gas leak detection instruments", Conf.

8210104-3, 1982
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Table - 3.2.1

Experimental results of PFAD

S.No. Filter type Carrier gas Sodium Initial Total Aerosol Aerosol
temp. (back- increase collee- Concentra-
C ground) in AP tion tion in

(mbars) (mbars) time gas (microgm/
(mts) litre)

1

2.

5.

1.

"Millipore"
Cellulose
filter 0.6
micron pore
size and 20
mm diameter

-do-

-do-

-do-

Pure argon

Commercial
nitrogen

-do-

-do-

205

200

250

250

43

44

44

41

16

16

41

84

150

150

100

150

0.5

0.5

10

15

5.

6.

7.

8.

Glass Fibre
Filter
(Thin)

-do-(thick)

Stainless
steel sinte-
red filter
5 micron pore
size and 20mm
dia.

Millipore
cellulose
filter

-do-

-do-

-do-

Pure argon

200

250

250

300

1.4

10

28

46

0.7

10

28

17

60

90

150

17

0

5

4

9. -do- -do- 300 37 14 20 10

3.3 Bearing Clearance Transducer

(K.K.Rajan and R.Prabhakar)

Sodium-lubricated hydrostatic bearings are used in LMFBR's

mechanical pumps. It is important to assess the performance of this
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component during the development of large capacity pumps. The

hydrostatic bearing consists of a rotating journal (attached to %hs

pump shaft) and a static bush with a certain amount of gap v:

clearance between them. This gap is an important characteristic c'

the bearing which, when continuously monitored, will indicate its

healthiness. As the pump under development in REL will undergo tests

in water prior to sodium testing, it was felt necessary to dijvslor-, at

first, a transducer capable of continuously monitoring th«? beavrs

clearance in water.

The transducers work on the principle of change in inductance

of a coil with respect to the variation in clearance between it i-.d

the taraet. The details of construction of the transducer are as

shown in Fig. (3.3.1) and the transducers constructed are shown ir.

Fig. (3.3.2) The transducer essentially consists of a coil wound or.

tht? centre limb of "E" type pot core. When the coil is excited from

an AJ source, a magnetic flux path is established as shown lr. t •_

above figure. The transducer will be mounted on the stationary bush

and the target, simulating the pump shaft, serves to complete the flux

path between it and the transducer core through the air gap. A change

in the gap dimension alters the reluctance offered to the flux which

affects the coil inductance. Fig.(3.3.3) gives the calibration

curves for 2 Nos. transducers tested so far.

Using the above two transducers in a bridge circuit,

clearance measurements were simulated in a static and a dynamic set-

up. Fig. (3.3.4) shows the results obtained from a static set up, i~.

which the movement of pump shaft towards the transducers is simulated

by a pipe. The bridge output indicates a linear variation with

respect to air gap variation. In the dynamic test set up, pump shaft



Fig.3.3.5a

X axis - 0.5 sec/Div.
Y axis - 2 mv/Div.
Lathe speed - 94 RPM

(0.64 sec/Rev.)
WAVE SHAPE Period - 0.54 sec.

Fig.3.3.5b

X axis - 0.5 sec/Div.
Y axis - 2 «w/Div.
Lathe Speed - 45 RPM

C1.33 sec/Rev.)
WAVE SHAPE Period - 1.13 sec.

Fig.3.3.5a and 3.3.5b. Dynamic Measurements Results.
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rotation was simulated by rotating a pipe mounted on a lathe chu.-k

with the two transducers located stationary across the pipe flt

diametrically opposite points. The pipe was rotated at two different

speeds and the corresponding bridge outputs are as shown in

Pig.(3.3.5a) & (3.3.5b). The pipe's movement towards the transducers

is reflected in the bridge output as a modulating signal over the

carrier (excitation) signal. The modulating signal's amplitude

variation is found to synchronise with the shaft's relative movement

towards the transducers and its frequency is in agreement with the

rotational speed.

Currently a transducer is under construction using Permendur

(an alioy of 49% Pe, 49% Co and 2% V) as its core material in order to

obtain higher sensitivity.

3.4 Testing of the Magnetic Stability of "COALNIMAX" at High

Temperature

(K.K.Rajan and R.Prabhakar)

Permanent magnet type (PM) flowmeter has come to stay as an

established measurement technique for sodium flow in pipelines of

sizes upto atleast about 300mm diameter. The permanent magnet is the

only important component of the flowmeter whose magnetic stability is

vital for the reliable operation of the flowmeter. in normal pipeline

applications, the above parameter is not subject to any severe test,

as the magnet is exposed to an ambient temperature of a maximum of

o
100 C only. Applications requiring location of flowmeter in high

temperature liquid sodium environ1*-n^. such as sub-assembly flowmeter,

by-pass type flowmeter (for pump-flow measurement in pool type

reactor) etc. call for a stable magnetic property of the magnetic
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NOTE.—

PART (A) MATERIAL: MILD STEEL PART (5 ) : STAINLESS STEEL

PART (5) MATERIAL: COALNIMAX-100x72x35mm

PART (C) MATERIAL: MILD STEEL

Reference point at air gap centre

FASTENING BY S.S.BOLTS

FIG: 3-4-1 FLOWMETER ASSEMBLY.
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Q

material at as high a temperature as 550 C over an extended period of

time.

At KEL, work on the development of PM flowmeters for circuit

piping applications is under way. The flowmeters are assembled using

"COALNIMAX", a type of magnetic material having magnetic properties

similar to "ALNICO-5" which is a popularly used material elsewhere.

"COALNIMAX" is available indigenously and the magnetic stability of

this material was studied with respect to temperature as part of

flowmeter development work.

Fig.(3.4.1) shows the details of the flowmeter assembly used

in the stability test. Testing is performed in two phases viz. stabi-

lisation and endurance. The assembly at first is stnbi I iva-ci at a

temperature higher than the endurance test temperature and this is

followed by an endurance test. For stabilising the assembly, the

procedure recommended in the literature was used as a guide line and a

final procedure was arrived at, as indicated in the Fig.(3.4.2), after

conducting a few trials. Air gap flux density was measured at a

reference point using a Hall probe gaussmeter (2.5% accuracy). The

measurements were always made after the magnet assembly was removed

from the furnace and cooled to ambient temperature.

Five thousand hours of endurance testing has been completed

so far at 250°and 38(Pc each and testing at 48CPC is in progress.

Fig.(3.4.2) also illustrates graphically the results obtained. The

magnetic stability of the material is found to be satisfactory.

References:

1. Development of an incore PM probe type sodium flow sensor for

operation in FFTF - IEEE Trans of Nucl. Sci. 18(1), (1971).
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3.5 Scrain Gaging on Grid Pjajg Stud Assembly of FBTR

(N.Vijayan Varier and T.G.Gunasekaran)

The FBTR grid plate is clamped on the reactor vessel flange

by 54 stainless steel studs of 25nun diameter. Calculations snowed

that a pre-stress value of around 6.8Kgf/sq.mm is to be introduced in

the studs to provide a hold-down force on the leak-tight rino to

prevent sodium leakage. At the same time, the pre-stress value should

not be excessive so that allowable stresses are not exceeded on the

grid plate. The pre-stress is introduced in the stud by tightening the

top nut of the stud assembly. Since the values of coefficient of

friction between threads were not known with certainty, the values of

pre-tension introduced in the stud for different values of torque

could not be calculated. It was hence decided to establish experimen-

tally a torque vs pre-tension relationship of the stud assembly by

strain gaging technique.

Experiment:

Two sets of strain readings were taken on two different stud

assemblies. On each assembly, two strain gages were fixed as shown in

Fig.(3.5.1) and an average of the two strain values was obtained.

First set of readings was obtained on a single stud assembly

with mating surfaces of the stud nut and sleeve lubricated with

"Molycote". Referring to the notings in Table 3.5.1, the following

observations can be made:

1. The coefficient of friction was very low (0.05 to 0.15) with

molycote lubricant between threads. Consequently, high pre-tensile

stress resulted in the stud for the earlier specified torque of

37.6Kg-m.
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STRAIN
INDICATOR

TOP NUT
CON WHICH TORQUES
ARE APPLIED)

DISCALLOY SLEEVE

*>»
STUD STRAIN

INDICATOR

STRAIN GAUGES

MIDDLE BLOCK
CGRID PLATE)

BOTTOM NUT

WASHER

LOWER BLOCK

"REACTOR
VESSEL
FLANGE)

FIG:3-5«1 STRAIN GAGING OF GRID PLATE
STUD ASSEMBLY MOCK UP.
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2. The value of pre-tension increased considerably with repeated

loosening and tightening of top nut. This can be attributed to

elimination, of surface irregularities on the mating surfaces and here©

higher pre-tension resulted for the same torque.

3. With lubricant wiped out, the value of pre-tension reduced for a

given torque.

4. With acetone-cleaning, friction between threads was maximum and

hence pre-tension minimum.

Since required pre-tension could be achieved in acetone-

cleaned parts on application of specified torque, another experiment

was done on a second stud assembly to check the reproducibility of the

results and the same was confirmed.

Conclusions;

As a result of the above experiment, it was decided to apply

the specified torque (37.6Kg-m) using acetone-cleaned mating parts to

obtain desired pre-tension.

Reference;

1. K.K.Vaze, A.S.Dixit and N.Vijayan Varier, "Tightening torque on

grid plate studs" - FBTE/FRG/31171/DN/06 (1983)
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Table 3.5.1

Values of_ prestress for di fferent values of torque with various

lubrication conditions;

Experimental condition/ Pre-stress in stud

Torque (Kg-m) assembly (Kgf/sq.cm)

1.

2.

3.

4.

5.

With stud and nut lubricated by
Molycote/
a) 36
b) 36 (repeated)
With nut reversed/

36
After drying the lubricant/
a) 36
b) 36 (repeated)
After wiping off the lubricant/

35
After cleaning with acetone/

35

2100
3276

2734

1360
1570

1000

660

3.6 Temperature Profile on the Double-Envelope Piping of FBTR

(B.Prahlad and R.D.Kale)

The primary piping of FBTR is provided with a leaktight

envelope which acts as a secondary containment for sodium in case of

sodium leak. The interspace between the primary piping and its double

envelope is filled with stagnant nitrgoen gas and the double envelope

is externally insulated. While the two pipes are kept concentric to

each other in most of the length, in some places the pipes are placed

eccentrtically. Structural stress analysis of the piping requires

temperature distribution on the inner pipe and its double envelope as

input data.

The earlier 1:3 experimental model for studying the

temperature distribution on the double-envelope in concetric

arrangement (ref.1), was modified to arrange the two pipes in the

eccentric configuration ;.n order to study the effect of the
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eccentricity on the temperature distribution. The double envelope

pipe was divided into 7 longitudinal segments, and eight

chrome1/alumel T/cs were brazed on the circumference of each segment

to measure the circumferential variation of the temperature. The

experimental set-up was recommissioned with repeated evacuations and

fillings of the interspace with nitrogen gas.

Steady state temperature distributions {longitudinal and

circumferential) were obtained on the double envelope pipe for

different temperature of the inner pipe and interspace maintained

under vacuum and nitrogen gas. The results are shown in Table 3.6.1

and Table 3.6.2. As seen from the Table 3.6.1, the variation of

temperature on the circumference of double envelope (in eccentric

configuration) is as little as f to 4°C which falls within the

accuracy of the temperature measurement itself. Fig.(3.6.1) shows the

longitudinal temperature distribution on the two pipes, which shows

that the temperature of the two pipes is not uniform along its length

due to end losses, and only about 400mm of the central zone was at

uniform temperature. Tat>le(3.6.2) gives measured values of

temperature of two pipes (in the central zone) and power rating, with

interspace being maintained under vacuum and nitrogen gas. Using

experimental power rating and temperatures of two pipes when inter-

space was under vacuum, the emissivity of the pipe surfaces seeing

each other is calculated and used to isolate the thermal radiation

component from the total heat transfer when the interspace is filled

with nitrogen gas.

Conclusions;

1) A geometrically similar 1:3 model of FBTTR double envelope piping

was constructed, and experiments were conducted on it to obtain the
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steady state temperature distribution on the double envelope for

different temperature of the inner pipe, when the two pipes were kept

in concentric and eccentric arrangements.

2) In concentric arrangement, the temperature difference between the

two pipes is of the order of 27° to 31°C, and the heat flux o;i the

inner pipe surface is 0.132 w/sq.cm which corresponds to a linear heat

loss of 421 w/m, when the inner pipe temperature is kept at 546°C.

3) In both the configurations of the pipes, radiation is the

predominant mode of heat transfer in the interspace, contributing 90%

of total heat loss. The inferred emissivities from the experimental

observations showed an increase in the course of various phases of the

study. This is due, possibly, to oxidation of pipe surfaces exposed

to commercial nitrogen gas.

4) The eccentric arrangement of piping did not produce significant

circumferential variation in the temperature of the double envelope.

The small variation observed (approx. 4°C) is within the accuracy of

temperature measurement itself.

5) Prom the results of the experiments, it is concluded that similar

emissivity increases are expected on the surface of FBTR pipings, and

the temperature difference between the two pipes would be of the order

of 20° to 30°C and linear heat loss of about three times of that

observed in the model experiments. The variation of temperature on

the circumference of the double envelope because of its eccentricity,

would be insignificant.

Reference

1. Activity Report of Reactor Engineering Lab., (1981)
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Table 3.6.1

Circumferential temperature profile on jacket piping o£ model in

eccentric arrangement

Interspace - Nitrogen at 2 psig

Inner Power Circumferential temp, profile on the double envelope

pipe w/m Tp., °C
temp.°C -

(7

0 45 90 135 180 225 270 315

318 162.7 298 298 296 296 297 297 296 296

421.5 269.1 399 398 396.5 396 398 397 396 397

504 370 484 483 478 478 481 480 478 480

542 441 523 522 519 519 521 519 518.3 519

Table 3.6.2

Measured temperature and power ratings on pipings in eccentric

arrangement

Interspace under
vacuum, 0.4mmHg

Tl
°C

328

426

507

544

T2
°C

304

401

482

520

Power
w/m

160

264.5

364.5

436.4

Cal

0.585

0.587

0.561

0.62

Tl

°C

318

421.

504

542

Interspace under N2 at

T2
°C

296

5 398

480

519

Power
w/m

162.7

269.4

370

441

Qrad
w/m

140.8

244.7

346.9

418.5

2 Psig

Qc
w/m

22

24.7

23.1

22.5

%Q

66

90

93

94

rad

.5

.8

.8

.5
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4.0 NOISE ANALYSIS TECHNIQUES

4.1 Development of High Temperature Piezoelectric Transducers

(V.Prakash and R.Prabhakar)

High temperature acoustic transducers are required for sodium

boiling detection in Past Reactors. Two transducers were assembled

with lithium niobate crystal (2mm thick x 10mm dia, Z cut disc) as

the 4tiain transducing element and machinable ceramic material as

electrical insulating part. Austenitic stainless steel 304 is used as

construction material. The construction details of the transducer

are as shown in Fig.4.1.1.

The diaphragm on which the crystal is mounted acts as pressure

sensitive face and its dimensions determine the transducer response.

Based on earlier experience at REL with PZT transducer of similar

construction and a review of literature, the diaphragm dimensions were

selected. In this transducer, acoustic bonding between crystal and

diaphragm is achieved by providing optically flat mating faces and by

mechanically loading the crystal onto the diaphragm face. 25 micron

thick platinum foils are additionally provided on both the faces of

the crystal to improve bonding. To achieve required flatness,

diaphragm face was lapped on a cast iron lapping plate without

grooves, using alumina paste as abrasive. Flatness was measured with

a monochromatic light source and was found to be better than 0.6

micron. The mating face of charge collector was also similarly

lapped.

The signal cable lead was spot welded to charge collector.

During assembly, the bellevellie spring is compressed so as to get a

diaphragm deflection of 100 microns thus accommodating differential



1 DIMENSIONS ARE IN

: - STAISILESS STEEL
UNLESS SP£CIP#£O

(7) D/APHRAGM.

(5) Z COr LiNbOs # 10mm THK. 2mm
WITH PLATINUM FOILS

(3) CHARGE COLLECTOR.

(7) CJTAAM/C INSULATOR.

(5) BELLEVILLE SPRING.

C$) METAL DISC.

(?) THRUST

(5 ) GRUB SCREW -4NOS

® BACK UUT

( « ) SIGNAL CABLE,H£OINSULATED.SS. SHZATHED-^3 3mm.

63) CAPiUAKY TUBE - OD 3/nm

(m si
FIG." 4.1.1 H/GH TEMPERATURE PIEZOELECTRIC T&ANSDl/CER
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expansion in the transducer at an operating temperature of 530°C.

The sensitivity of the transducers was determined in water by

comparing their output against that of a commercial hydrophone of

known sensitivity. Calibration signal was generated by passing

current through a nichrome wire heating element (24 SWG, 80mm long,

165 W/cm ) immersed in a water tank (1m x 0.2m x 0.2m) and creating

local boiling on its surface. Approximate sensitivities of

transducers I & II are 350 and 200 Pico-Coulomb/bar respectively.

These values are comparable to those obtained in other laboratories

elsewhere.

The main difficulty encountered was in the welding of cable

sheath to stainless steel sleeve and in that of sleeve to h .knut.
-8

Helium leak testing revealed leak rate greater than 1.0x10
-8

std.ee/sec in one assembly and about 1.0x10 std.ee/sec in the second

assembly at these weld joints. During repair welding, the first

assembly was damaged. Efforts are continuing to establish a suitable

procedure for these weld joints.

4.2 Development of High Temperature Magnetostrictive Transducers

(V.Prakash, N.Vijayan Varier and R.Prabhakar)

For detecting local sodium boiling due to blockage in an

LMFBR subassembly by acoustic technique, suitable transducers are

required and these acoustic transducers must be compatible with the

medium (sodium) and the severe environment of high temperature (upto

o
550 C) and radiation field (neutron and gamma). Development of

magnetostrictive transducers was initiated in collaboration with Nava

Physical and Oceanographic Laboratory (NPOL), Cochin. The target
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=IG&.2.1 MAGNETOSTRICTIVE TRANSDUCER.
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specifica-tiona are given below:

Sensitivity : 100 nanovolt/mierobar

Frequency response : Upto 125 KHz

Directivity : Omnidirectional

Size : 20mm dia and 100 to 125mm long

Environment : Liquid sodium at temperatures upto 5S0°C.
Intense neutron and gamma flux

Fig.(4.2.1) shows a typical transducer assembly. Permendur V

( an alloy of 49% Fe, 49% Co and 2% V) was chosen as core material Cor

the transducer because of its high curie temperature (980°C) and high

magnetostriction properties. "Pyrotenax" type cable (stainless steel

sheathed. MgO insulated and Nichrome conductor cable) was the choise

for the transducer coil. Fig. (4.2.2) shows the details of the core

lamination which was fabricated at NPOL using a specially made die and

punch. Later the laminations were heat treated at Defence

Metallurgical Research Laboratory (DMRL), Hyderabad.

One of the design aspects of the transducer is achieving a

satisfactory acoustic bond/contact between the permendur core and the

protective stainless steel well into which it is mounted. Two

concepts were considered for obtaining the acoustic bond viz. shrink-

fitting the core within the well or use of an acoustic couplant such

as liquid Indium.

A test was conducted to ascertain the compatibility between

Indium and transducer core and well materials viz,, permendur and

stainless steel. A capsule made of S.S. 304 into which Indium (99.99%

pure) and permendur laminations were loaded was kept in a furnace at

530°C for 2000 hrs. Subsequent metallographic investigation at Radio



p |7.6 X 5.829

)5 4 HOLES ON

MATERIAL : PERMENDUR.V

ALL DIMENSIONS IN MM.

FIG:^22CORE LAMINATION



1O 2O 3O 4O 50 6O 70 eo 90 loo Ho lio .
-^FREQUENCY KHZ

FIG A2 3 FREQUENCY RESPONSE CHARACTERISTIC OF
MAGNETOSTRICTIVE TRANSDUCER.



FIG.4-24. HORIZONTAL DIRECTIVITY OF
MAGNETOSTRICTIVE TRANSDUCER.
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Metallurgy Lab, RRC revealed poor compatibility between stainless

steel and Indium resulting in leaching of nickel out of the former.

This result ruled out the possibility of the use of Indium as the

couplant.

The concept of shrink-fitting has been utilised elsewhere in the

fabrication of above type of transducers and they are reported 'a* h.ivo

functioned well. However, a trial is to be made to confirm the

feasibility of achieving such type of fitting between the two

materials having widely different values of thermal coefficients of
-6 -6

o o

expansion (18x10 / C and 9x10 / C for stainless steel and

permendur respectively) sc that it is suitable for use at high

temperature.

Meanwhile, transducers were assembled at NPOL, using castor oil

to fill the gap (15 microns) between the core and the well. These

were tested there in water. Pig.(4.2.3) and (4.2.4) show the

frequency response and the radial directivity characteristics of the

transducer. These results are found to show general agreement with

our target specifications and also indicate a need for improving the

sensitivity of the transducer by about 10 db with suitable change

either in the core size or the coil turns.

References

1. A short interim report on the compatibility of Permendur and

austenitic stainless steel type 304 with liquid Indium - RML, RRC.
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4.3 Detection of Cavitation jjn FBTB Subassembly in Water by

Acoustic Technique

(V.Prakash, R.K.Vyjayanthi and R.Prabhakar)

The modified steel aubassembly to be used as dummy fuel sub-

assembly during commisioning of FBTR was tested in hydraulic test rig

at REL to establish its Plow Versus Pressure Drop Characteristics.

During this testing, measurements were carried out for detecting onsat

of cavitation in the subassembly by acoustic technique.

The sensors used for detection viz. accelerometers and hydro-

phones were installed as shown in Pig.(4.3.1). During testing, water

temperature was maintained around 75°C and the subassembly outlet

pressure at 0.2Kgf/Sq.cm gauge. Cavitation was initiated by

increasing the flow chroogh the subassembly upto a maximum value

limited by loop flowmeter. The electrical signal from sensors was

amplified befor? further analysis. An 80-point correlator was used to

determine the auto-correlation function of accelerometer and

hydrophone signals at different flows. The value of auto-correlation

function at t?- 0 was taken as proportional to square of rms value.

Results:

Tables 4.3.1 and 4.3.2 and Pig.4.3.2 give the results

obtained from accelerometer and hydrophone. It is seen that Thoma

factors below 0.5 produce continuous cavitation whereas a Thoma factor

of 0.6 produce? intermittent cavitation. The results indicate that

Thoma factor corresponding to FBTR operating condition viz. 6"* - 0.65

(for Q = 3.67 lit/sec at 400°C) is marginally away from acoustic

inception point (at Thoma factor of about 0.6) determined in this

experiment.
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Table 4.3.1

Results from Accelerometer

Flow rate Thoma Auto correlation
Q lit/sec. factor at t>o

(arbitrary unit)

Remarks

1.12
1.91
2.54
2.63
3.16
3.29
3.37
3.53
3.71
3.81
3.94

3.
1.
0.
0.
0.
0.
0.
0.
0.
0.
0.

99
37
78
72
50
46
45
40
37
35
32

0.25
0.25
0.35
0.3
1.25
1.9
1.9
2.0
2.25
2.9
5.00

No eavitation
H

H

H

Continuous ca
H

•1

M

M

II

H

Plow rate
Q lie/sec

2.51
2.89
3.18

3.37
3.55
3.72
3.88

Table

Results from

Thoma factor

0.8
0.6
0.50

0.44
0.40
0.36
0.33

4.3.2

Hydrophone

Auto correlation
at V* 0

(arbitrary unit)

0.6
1.0
1.6

2.0
1.6
2.0
2.0

Remarks

No cavitatic

Continuous
cavitation

n

M

H

«

Note: 1) Intermittent cavitation started around 2.93 lit/sec. («"*

= .60)which was observed on C.R.O. in the form of

intermittent spikes on background noise.

2) Thoma factor corresponding to PBTR operating condition

400 0.65 (Q - 3.67 lit/sec, at 400°C.)
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4.4 A Data Acquisition and Storage System for "Boiling Noise"

Signal

(R.K.Vyjayanthi)

A data acquisition system was required for digitising and

storing on floppy disc, limited sections of boiling noise data upto

10KHz from an analog tape received from IAEA for a bench mark test.

The data is to be stored in a format compatible for direct retrieval

by the main computer at RRC. The schematic of the data acquisition

system is as shown in Fig.(4.4.1)

System description:

The complete system consists of a central processing unit

(CPU), Analog to Digital Convertor (ADC), Semiconductor memory and

floppy disc drive unit. The data is first digitised using the ADC and

then stored in the semiconductor memory either as a block of 40K at a

time or 10 blocks of 4K capacity each. Data is then transferred from

semiconductor memory to the floppy disc, track by track through

commands from the keyboard attached to the CRT terminal.

Analog to Digital Convertor;

ADC type AD574, a 12 bit, successive approximation type

convertor with conversion time of 25 microsec. is used. It has a

tristate output compatible with the microprocessor bus. The ADC is

used as a 8 bit convertor and with a full scale output of 1.28 volts,

the resolution is 5mV. Sampling time of the convertor is increased to

50 microsec., considering the following factors:

i) the time taken by the CPU to transfer the sampled data into a
particular memory location is 25 microsec. approximately

ii) restricting the highest frequency of the signal to be acquired
to less than 10KHz., the resulting sampling frequency of 20KHz
satisfies the Nyquist criterion.
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Hence the ADC was clocked using a timer with a pulse repetition

rate of 50 microsec.

The rest o_f the system:

The CPU is connected to the CRT terminal through a RS-<!J2C

serial-communication interface. The terminal is connected to the

floppy disc drive unit. The floppy used is a 8" dia, soft-sectored,

single density, single sided, IBM 3740 formatted disc. This has 77

tracks with 26 sectors/track. 128 characters can be stored in v*. rh

sector. Transfering of the data is done track by track.

After storing the data in the semiconductor memory, it is

transferred to the floppy through the terminal at a baud rate of 1200

(120 characters/sec). Commands for data acquisition and for the data

transfer to floppy are given through the terminal keyboard.

Choice of memory size:

The system is bui]t around 8085 CPU which has a maximum

addressing capacity of 64K memory locations. 40K memory locations are

reserved for storing the sampled data at 50 microsec. interval each,

so that the process of data acquisition is complete in 2 sees. The

rest of the memory space is reserved for monitor programme.

System test:

The system was built and tested for its function by feeding a

square wave signal of 5KHz frequency. The sampled data was stored on

the floppy disc and the stored data was later retrieved in the main

computer track-by-track, and in each track only 25 sectors could be

read due to incombatibility of the former system.
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