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PRIME MINISTER’S
Twenty Point Economic Programme

. Accelerated  efforts to bring down prices of essential commodities, increase
prorluctlgx}, speed up procurement and streamline distribution of essential
commodities.

. Ir;\plcimentation of agricultural land ceilings and quicker distribution of surplus
and.

. Houso sites for landless an1 woaker sections. k
. Abolition of bonded labour. v v,

. Liquidation of rural indebtedness.

6. Revision of minimum wages for agricultural labour and their enhancement, where-

ever necessary.

7. Five million more hectarss to be brought under irrigation,

8. Further generation of 2,600 megawatts of power.

9. Spocial help for handloom industry and protection to Weavers.

10. Improvement in quality and supply of cloth for the common mwan.

11. Socialisation of urban and urbanisable land. Ceiling on ownership and possession

of vacant land and on plinth area of new dwelling units.

12. Prevention of tax evasion, summary trials and detertent punishment to economic

offenders,

13. Special legislation for confiscation of smugglers’ properties.

14. Liberalization of investmant procedures and action against misuse of import

licences.

15. New schemes for more efective partisipation of workers in industries.

16

17
18
19

. Removal of constraints on the movement of goods by trucks=-National permit
system to be introduced.

. No incomestax up to an annual income for Rs. 8,000,
. Supply of essential commodities at controlled prices to students in hostels,

; Px{)o;iﬁion of text bqoks and stationery for students at controlled prices—also book
anks, '

20. New apprenticeship schemes to enlarge employment and treining, especially of

weaker sections.

EDITORIAL <

Er. P. Kumarasamy, Director-in-chargo, Institute  of
Hydraulics and Hydrolcgy, Poondi and member of the editorial
board of this j~urnal, who has been awarded Nehru TFellowship, is
developing & technique for forecasting floods and flows in the
Rivers of Tamil Nadu. A hydrological model simulating the
topogra,phical feature of the entire peninsular India between the
latitude 7° N and 17° N is ander construction to a scale of
1/10,000. Over this model, arrangements to simulate rainfall
whenever required are also being made. A VHF Telemetry
gystem 18 being built with which it will be possible to transmit
data of instantaneous rainfall occuring anywhere in Tamil Nada
to Poondi and assoon as this data is received it will be simulated
on the hydrological model. The consequent runoff in the hydro-
Jogieal model will be electronically measured, and from these data
the paramaters for 2 mathematical model will be completed
through the use of an Analog Computer and a Digital Com-
puter. Utilising these paramaters, further prediction will be
made and transmitted by the field engineers. After the actua!
flow values are obtained, again through the Telemetry from
the field, the calibration of the hydraulic model will be refined
further. By such a step-by-step pracedure it is expected to
develop a true hydrological model for every basin as well as its
acourate mathematical model,

Prediction technique enunciated above depends entircly on
pase data collection of rainfall particulars, and flow gauge
readings. The accuracy of prediction goes hand in hand with
acourate and sufficient base data. This could be obtained only by
jmprovising tte NOW existing rainfall stations and discharge
Gauging Stations quantitatively as well as qualitatively. By this
prediction gate openings of various reservoir can be soientifically
decided and diversion of flood flows can be properly done to
minimise loss of flood flows. By accurate datas obtained,
economical designs of Irrigation structures can be effected. Let

us hope that by this research, Tamil {Nadu will be far ahead

the other States in Trrigation Water Management, in the near

futul'e.

EDITOR.
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RADIO ACTIVE TRACER STUDY FOR SETHUSAMUDRAM

SHIP CANAL PROJECT
By

1. Tumrvu K, RAMALINGAM, BE. AND

THE PROJECT.

Sethusamudram Ship Canal Project contemplates the

sreation of a navigable link canal between the Indian

Ocean and the Bay of Bengal cutting through the
Ramoswaram Island in the Guif of Mannar separating
Sri Lanka from India. This Canal _w1ll provide a ShO.I‘t
cut for ocoan going vessels which salqul{nd Cape Comerin
to reach major ports like Madras, Visakapatnam and
Qaleutta in the cast coast of India without having to

touch Colombo.

Proposals to cut a short-cut canal through this Gulf
has peen there for over a century now. As early as 1860,
Commander Taylor came up with a proposal estimated to
cost about Rs. 50 lakhs. Since then there were as many
as fourteen different proposals put forward by individuals
and Committees. The present project proposals now under
consideration of the Ministry of Traasport and Shipping,
Government of India were formulated after detailed
investigation from 1965 to 1968 by a Special Engineering
coll headed by the late Sri C. V. Venkateswaran, retired
Chief Engincer, Cochin Port.

The Ship Canal Project is estimated to cost 3750
lakhs of Rupees and has the following main features *—

(i) An approach channel 2 miles long will be dug for
450 feet bed width and 36 feet depth in the Gulf of
Mannar to the south of Rameswaram Island.

(ii) On land across the Rameswaram Island, the canal
will have 210 feet. bed width and 36 feet depth and will
again be two miles in length.

(iii) To the north of the Island in the Palk Bay the
approach channel will be 450 feet in bed width and 36
feot depth and two miles in length.

(iv) Further north in the shallow Palk Bay a wide
ulmum",i of 750 feetbed width and 38 feet depth will be
dug for 23 miles length until the 6 fathom contourin the
Bay of Bengalis reached.

(v) Alock 960 feotx 125 feet clear, with sector gates
from— 37 feet to--9-0 feet is porposed in the land canal
gince there is considerable difference in tidal levels
obtaining on the north and south of Rameswaram Island.

This canal is designed to take ships up to 30 feet, draft
which can also be modified to take ships a up to 36 feet,
draft later when required and would save 300 to 350 miles
for the ships sailing from West.Coast to the East-Coast

of India.

2. THIRU A. MOHANAKRISHNAN, BE., M.S0.

II. THE PROBLEM : /(,

The main problem that came in for examination before
the project could be declared technically feasible was the
correct assessment of the possibility of maintaining the
23 miles long Bay of Bengal channel d:edged in the open
sea.

The sea bed in the channel alignment is fine sand with
soft clay in a few places. The total quantity of capital
dredging to be done on the Bay of Bengal channel alone is
estimated as 35-13 million cubic yards. The dredging has
to be done by large capacity hopper dredger capable of
dredging in swells of 7 or 8 feet and the dredging spoils
dumped ju predetermined location safely away.

The following questions arose :—

(i) How far and on what directions should the
dumping site for capital dredging be located so that there
is no possiblity of the dredged material travelling a back to
the deep channel and at the same time involve minimum
leads ?

(ii) Which is the significant direction of thé bed silt
movement in the region of the Bay of Bengal channel ? .

(iii) Is the bed silt movement influenced by the
ocean currents in the region round the year and the two
monsoons and if 8o to what extent ?

(iv) Will the littoral drift of sand seen along the
ovast-coast of India fill up this dredged channel and even-
tually make maintenance an uneconomie problem ?

ITI. FIELD STUDIES:

Among the various items investigated in the field
collections of sub-soil date borings, studies, 0n‘Wa.ves,
wind and current and silt charge and littoral drift obser.
vations are relevant to the questions raised and provided
data from which certain conclusions could be drawn.

But, ultimately it is the adoption of the technique of
Radio Active Tracer Studies that give a comprehensive
answer to these questions.

The Bhabha Atomic Research Centre, Trombay, the
Hydrograph Survey Wing of the Ministry of Transport’ and -
the Central Water and Power Research Station,
Khadakvasla, were associated in carrying out this study in
the open sea far from the land stations, ‘ '

1. Superintending Engineer, P.W.D.
2 Senior Deputy ChiefEngineer, PW.D. (Irrigation), Madras-5.
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%d. | YEAR ALIGNMENT PROPOSED 8Y
i 1960 COMMANDER TAILOR OF THE INDIAN MARINE
| 109) MR. TOWNSHEND
3 1362 PARLIANENTARY COMMITTERE
Y 1983 HE.SIR WILLIAM DENISON(GOVERNOR OFf MADRAS)
[ ] (1 34] MR. STOPPART ( SAME AS NO.3)
. 1872 MR. ROBERTSON. HARBOUR ENGINEER OF INDIA
7 1884 SIR JOMN CODE. FOR SOUTH INDIA SHIP CANAL PORT &
COALING STATION LTO. UK, <
[ 1903 8.1. RAILWAY
] 1922 SIR. ROBERT BRISTOW NARBOUR ENGINEER TO GOVT OF MADRAS
10 1986 SETHVUSAMUDRAM PROJECT COMMITTEE (UNOER THE
CHAIRMANSHIP OF SIR.A.RAMASWANY MUDALIAR.)
1" 1960 CAPTAIN DAVIES
13 196 MADRAS GOVERNMENT ~ AS FURTHER MOOIFICATION.
.TO 10 @ |1 BAGED ON A FRESH HYDROSRAPMIC SURVEY .
3 wes SHRI, C-V. VENKATESWARAN. CONSULTANT.
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A number of mark buoys were laid on the sea in the
proposed channel region.  The positions of tlh.“sc mark
buoys, wore fixed by Astronomical Survey initially and
later more accurately by Trignomatrical Survey from the
Light Houso tower at point Calomere and two moro tail
towers specially erocted on the land end. Tho Ferry
Steamer T'.8.8. Irwin was requisitioned for dumping the
Radio Active material snd tracking. During the tracking,
the ships positions were continuously recorded by the
Survey Wing to make the tracking chart.

Two dumping sites were selected ono at about the
shallow west place in the channel alignmentin about 22
feet of water and the other about 15 miles westwards in the
alignment in about 36 feet of water. Dumping timings
were chosen to lie just before the onset of the north-cast
monsoon and again ahead of the south-west monspon. Trac
king was done during and after these respoctive wonsoons.

Glass containing Scandium 46 crushed to the mean
particle size of 0-036 mm to correspond to that of the bed
sand were filled in alumininm capsules and irradiated for
12 days in the Reactor. This was stored in }ead shieldfsd
pots and transported to site. The radio active material
was transferred into the injection  apparatus by long
handled tongs. The apparatus was lowered on to the sea
bed and the injection was actuated by nitrogen gas allowed
under pressuro.

Tracking was done by dragging a sledge on sea bed
from the side of the ship. The sledgo cam.ed a brass
cylinder containing G.M. counters from which cables
were brought to the deck of ythe ship. "Tracer strength
at the first site was 35 curies and that at the second site

was 25 curies.

IV. OBSERVATIONS AND RESULTRS:

Tracking was done every month for 3 months after
injection.

V. CONCLUSION:
Tho tracer studies indicated the following:—

(i) The littoral drift, of sand seen on the oast coast on
India has no influence on the bed sand movemont in the
channel region.

(i) The bed  sand movement was small and was
parctically in the same direction as the alignment of the
channel.

(iii) T'his help us to conclude that—

(i) Very little bed silt would move from the sides
into the channel and henee the silting will be of small
magnitude and

(ii) Since tho bed sand movement is only parallel to
the channel it is enough if the dredged material is dumped
4 to 6 miles away from the channel on either side withowt
fear of receiving it hack.

The Radio Active Tracer studies thus confirmed that
the Project is technically feasible and made it possible
to work out realistic estimates of silting in the channel
and maintenance dredging.

U PO
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NOTE ON HOT FILM AND HOT WIRE ANEMOMETRY

BY

Tamru N. V. PUNDARIKANTHAN

1-0. INTRODUCTION :

In the (sxpurimcnml investigations of'ﬂuid flow a great
number of methods, techniques, and m:struments have
been  developed and used. For ma.kmg turbulence
measurements oF other measurements 1n turbulent flows
theapplication of anemometry has cxpa.ndgg'i gr'cq,tly due to
bettor cquipment and more interest In d(.atmls of flow.
Turbulence measurements 10 air flow using hot wire
ancmometry have greatly increased our basic knowledge
of aerodynamics and contributed to our understanding of
hydrodynamics. in this paper an attempt has been
made to discuss and review the theory and application of
hot wire anemometry to fluid Hows (water and air).

9.0. TURBULENCE MEASUREMENTS:

The main difficulty in measuring turbulence is caused
by the fact that turbulence is a random, fluctuating flow
and threo dimensional. In hot wire anemometry a
detecting clement is introduced  into the flowing fluid
and turbulence quantities aro measured by the changes
of a mechanical, physical, or chemical nature that
oceur in this element. If any amount of ) reliability
should bo placed on theso readings, the following regiure-

ments should bo satisfied.

1. ',l'hevdeto'cting element introduced into the flowing
field must be 80 «mall that it causse only the minimum
admissible disturbance of the flow pattern.

9. The instantaneous veloeity distribution must be
uniform in the region occupied by the element. If we

- confine our measurements to flows of low or moderate velo-

cities, the size of the sensing element should not exceed,
say, 1 mm.

3. The inertia of the instrumenté must be low, so that
response to even the most rapid fluctuation is practically

instantanecous.

4. The instrument must be sufficiently sensitive to
record small differences in the fluctuation ; these differen
cos are often only a few percent of the mean value.

5. The instrument must be stable so that no noticeable
change occurs in the calibration para-meters during at

Jeast one test-run.

6. The instrument must be sufficiently strong and
sufficiently rigid to excludes vibrations or motions caused
by the turbulent flow.

Hot wire anemometer is the only instrument that has
been developed 80 far that reasonably satisfies the above
mentioned requirements—although, of course, it has its

limitations.

2.0. PROBES :

The sensoris heated above the ambient temperature
of the surrounding fluid by passing an electrical current
through a resistance materials. Flow of the fluid over the
element cools it by forced convection. This cooling of the
element is a function of the velocity of flow, viscocity and
thermal conductivity of fluid : temperature, density, length
of element and thickness or diameter of element. ,

The element or sensor may be used to sense flow
velocity, temperature pressure, mass flow, etc;

Either hot wires or films can be used as sensors, the
method of application and data reduction being the same
in both cases.

9.1. HOT WIRES SENSORS :

A hot wire type sensor must have two characteristics to
malke it a useful device :

(A) A high temperature coefficient of resistance.

(B) An electrical resistance such that it can be easily
heated with an electrical current at practical voltage and
current levels.

The most common wire materials are tungsten,
platinum and a platinum-iridium alloy. Tungsten is
presently the more popular hot wire material. A thin

platinum coating is usually applied to im i
plated ends and the support ncla)eIlees. prove bond with

2.2. HOT FILM SENSORS:

The hot film sensor is essentially a co ing

Ceramic substrate, One of the ysensoi&fﬁ?v%n% ofxslhaé
attached figure is a quartz rod with a platinum film on the .-
surque. Gold plating on the ends of the rod isolates the »
sensitive area and provides a heavy metal contact for
fait};anﬁn% t.he séinsor to the supports. When compared
wi ot wires the cylindrical h

following advantages :):— of film sensor has tho

(A) Better frequency response than a hot wi

' A ire of
same diameter because the sensitive part of the senso:hi
dlst'nbuted on the surface rather than including the
entire cross-section as with a wire. '

{B) Lower heat conduction to the supports f v
length to diameter ratio due to low therlx;ﬁzl cox?ci'ua;sgil\:’izn
of the subsrate material. A shorter sensing can be used Y

(C) More flexibility in  ensor configurati W
conical, cylindrical, parabolic and flat on. Wedge,
available (as:shown in figure). at surface shapes are

(D) Less susceptible to fouling and easier to clean. A

thin quartz coating on the surface resi ol
of foriegn material. esists acoumulation

467TA[1—28
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The metal film thickness on a typical film sensor is less
than 1,000 Angstrom units, causing the physical strength
and the etfective thermal conductivity to be  determined
almost entirely by the substrate material. - Most films are
platinum due  to its good oxidation resistance and the

resulting long term stability,  The low  strength  of

platinum is not important since it is supported by the
quartz rod. The ruggedness and stability of film sensor have
led to their use for many measurements that  have
previously been very diflicult with the more fragile and
less stable hot wires.  Kven though filim sensor have basie
advantages, hot wire sensors give superior performanee in
applications  requiring  maximum frequency  response,
minimum noise level, and very close proximity to a surfase

2.3. PROBE S APES:

It has not been possible to measure the characteristies
of turbulence in water with the same precision and case,
as in‘air. It is due to the fact that stable drift free
operation of hot-wire ancmometers in water is not possible,
for the wires are contaminated by dissolved gases, dirt and
chemicals in the water; electrolysis of the wire; and
conductivity of the water. The development of hot-film
gensors to replace the wire has eliminated the instability
which results from the clectrolysis of the probe and
conductivity of the water by having a thin coating of
quartz fused over the platinum to insulate the condue-
tor from the fluid. The cone shape is used primarily in

water applications where its shape is particularly valuable
in preventing lint and other fibrous impurities form
getting entangled with the sensor. Hot film sensors are as
popular with air and gas measurements as they are with
water.

3.0. CONTROL CIRCUITS :

In successfully using an  anemometer for any specifie
fluid mechanies measurement the selection of a sensor is of
primary importance. However, this sensor must be
controlled with an electronic circuit and some basic
knowledge of its function and operation is essential.

31, CONSTANT CURRENT—CONSTANT TEMPERA-
TURE—ANEMOMETER :

There are two modes of operation of hot wire
anemometers : (1) The econstant  current method, in
which the electrical current is kept constant, and thus the
gensor electrical resistance fluctuates with velocity fluctua.
tions ; and (2) The constant temperature (constant
resistance) method in which, by using an electrical
feedback system, the current flucatuates with the
fluctuating velocity. The constant temperature system
is more compatible t"or' wire type film type sensors and
for gas and liquid mediums and is casier to use. Several
high-guality constant temperaturc anemometers are now
commercially available.

49. SENSOR OPERATING TEMPERATURE :

To operate a sensar it is nccessary to determine and
set, the proper operating, temperature for the application.
The overheat ratio which is K==Ry/R. where R, =

18

14

operating (hot) resistance of sensor - R. == resistance of
sensor at- Huid (cold) temperature s l’() h( fixed ‘d' , l) l']o(i‘ ;

on the medium of flow (air. water) and tl;(- m-\(tl-"!"lm%
sensor and is the following rela ionship : e

Ry,
Koz Lpd (bt
R. )

&y = temperature coeflicient of
sensor material at tempernture,

resistance  for the
s J H
t. == Sensor operating tempoerature.
te == environmental fluid temperature
In water Kis set at 1LO5 to 1.10 and in air

to 1.8, Higher  values of K
beeause the temperature of probe

Kisset at 1.6
are not used in water
would cause boiling.

4.0. THHORY OF HOT WIRE ANEMOMNENTR -

‘ T'he th(»o'ry of the constant temperature  hot-wire
iuwmomvtor 15 reviewed here, [t measures the rate of
.w]aft ltyﬁﬂ&;f«r between the  constant temperature of o
eylindrical sensor and the surrounding environment. This

environment includes both the moving fluid, the sensor is
immersed inand  the supports holding the sensor

» .
l“mm various heat transfer relationships the followin
relation may be written for a cylinder, #

P =:(A- BVy) (¢, —t)

Where P = Heat flux dissipated by sensor

A - TRILC ({L)o.n

B-—— 1 K, LD ( f;~)()‘17( . o ),.

t. N
Where .

L = sensor iength

N
C,D, n = are constani values depending  on  cylinder

Reynolds No. (V)

N .
K. = Thermal conduetivity of environment fluid
te = film temperature .=t 4 t,

2

L. == environment temperature
6. == scensor surface temperature
dy == sensor diameter

V = Velocity

¥ = Kinematic viscosity of fluid.

The values of A and B will be caleulated by ;
or obtained by Calibration. o by sbove formulas

4.1 TPRBLOCITY MEASUREMENTS WITI . ONE
SENSOR:

The hot wire or eylindrical hot-film sensor responds to
changes in the veloeity nprmal to the axis f(i)f ) the 'Sen‘s()'r,
A single sensor is primarily sensitive to t}m }wtuatllons Im\
velocity parallel with the mean flow direction when the
sensor  is oriented perpendicular  to the _ mean flow
Normally, cylindric(ml HENSOrs are cpnsu!ered insenstive to
any velocity components along their axis.

For a goneral caso of sensor configuration, method
of calculating fluctuating component is  indicated

helow ~—
. Sensor
/"
U"]“l / — —— ——
//l

%) : A

\/

|

u
Ve A (Uiptruz @)
whero

U = mean velocity of stream

u, =:.fluctuating component of velocity parallel
to mean flow velocity

u_ = fluctuating component perpendicular  to
both mean flow and sensor aXis.

Kquation (2) states that the velocity past the sensor,
V, is the vector sum of the two comopnents, U - U,

andu.

" ,(.-) l-]2+,‘ “:2 }—
Vel e T ey
" w,u? n(n-1) (n-z) w?
--«(11-2)——.—————}-——————-————‘ —_ta Yoo (3)
2 U3 16 us
with the assumption that Elji [LJI
equation (3) reduces to
u, "
yosmUn (Ibn—bo oo
U

I P ixs a small varistion about & mean power level p cavsed
hy a change in U «

18

lll
Pt P=(A4+B U Y1 dn ) (L b ). (%)
U

Equation (5) gives the instantaneous clectrical power
in pub 6o the sensor as a function  of U and u..

Average power level p = (A+BU") t —t) .. (6)
Power tevel at zero velocity P, = A (t —t) e (M

Combining equation (5) to (7) ,we can write

l!:il"d

——— = — . 8
b1, G (8)

The average value of p and u:i are, by definition, zero.
Therefore, the root mean square (rms) value is normallv

used as a measure of turbulence. With

\ 1 2::root mean square value of turbulence fluctuations
in meaun flow direction.

A P?==root mean square value of power

Equation (8) can be written as

NP Auz
S = — > 9)
p—P, U

This equation gives the relation between the r m s valuo
of electrical power to the sensor, A/ p*and ther m s valuo
of tbf_ velocity fluctuations m the mean flow direction,
A /uz‘

The above equations are written in terms of power
to the sensor rather than bridge voltage which is the
basic signal output from the anemometer circuit. Some
systems indicatc power to the sensor in addition to
hridge voltage. A calibration chart for the typical hot
wire sensor 1n air for the output voltage and a linesrized
output is shown in graph.

Equation (9) has adequate accuracy for most turbulent
work., High aceuracy claims may not be made when
making meesurements of high turbulence intensity.

5.0. DIRT AND IMPACT STRNGTH :

Foreign matter in the flow gradually accumulates on
a hot wire and ultimately changes its calibration b
altering the heat transfer rate. Near zero velocity the
heat transfer rate is little affected or may actually be
increased by the dirt accumulat.on (the increased surface
area off-setting the insulation of the dirt film) but at high
velocity the heat transfer rate is alweys reduced. The
result is poorer resolution of velocity changes at all
velocity levels. Platinum ‘and nickel wires maxy be

1y
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cleaned very effectively by heating to a dull red glow for
a few seconds.  Tungsten wires (which will burn out in
air before reaching red glow  temperature)  must usnally
be cleaned with  chemical solutions such  as  denatured
aleohol, Potassium dichro aate saturated with sulphurice
acid. Method of ecleaning 8 by vibrating wire or
slightly agitating the liquid acoustically with frequencies
of 15 to 60 ¢ by menns of a loudspeaker,

Rate of accnmulation of dirt inereases sharply with
inercased veloeity not only beeause the wire sweeps ot
a larger air volume per unit time but also be aause small
particles  gain enough ineruel to strike the wire than
follow the stream around the wire.  In ordinary indus-
trinl environments, without air filtering, cleaning  will
be required every few hours at velocities below 30 mps,
but may be required every few minutes at a }’(‘l()(fl.t)'
above 120 mps  to avoid lerge  correetions  for dirt
accumulation.

In most high speed applications such ;‘Lsalab(.)mtory
wind tunnel testing, there are large enough dirt particles to
present a wire breakage hazard.  Pure platinum otherwise
an ideal wire material has low strength and is usually
ruled out when the velority exeeeds 100 mps unless t..hc air
stream is exceptionally  clean. '_I‘ungston has hlgh'ost
strength and is universally used in hly)gl‘l speed ‘f"'f‘tf"ﬁ
nnless air temperature exceed about 600 F (the oxu_hm.ng
temperature for tungsten) in which _caes compromise
material such as nickel or 80 per cent platinum-—20 per cent
iridium are employed.

6.0. CONCLUSION :

Manv of the fluid flows that occur are turbulent in
nature. To theoretically solve any turcobulent flow pro-
blem ic next t» impossible. Attempts to solve them by
nimerical methods may nsume so much time and money

<9

Is

which is clear in the words of Stephen J. Kline who gives
an example (6):  To solve the most clemontary problems
in turbulent flow using a digital computer of the largest
kind available in 1971 would take a running time of 30
years. Evenar we could wait  that long, the cost  of
running at current rates would be about 130,000,000
(dollars) for cach point of output ; most laboratories can
do experiments a good bit cheapor than that . The
only cffective way of making measurement of turbulence in
laoratories is hy hot wire anemometry.  Kven though the
difficaltios in making hot-wire anemometer  turbulence
measurements are namerous and troublesome, and making
correct  measurements i as diffienlt; this has to be
improved and perfected tn course of time to  inerease our
basie knowledge of hydrodynamics.
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LOAD TESTS ON UNDER REAMED PILES

BY

Tuire *R. RATARAMAN.

1. I SNTRODUCTION

1.1. In many parts of tho city of Madras swolling type of
clays are present to appreciable depths from ground leve
and frequontly buildings constructed in such areas aceorc}.
ing to conventional moth(.)ds have sufferred d:a,mage. Sud 1
woil shave been mot with in Anna Nagar, Ra,;m' Annamalai

aram, Guindy, T. Nagar Nan(lana‘m, Saidapet, ete-
Tablo No. 1 furnishes typical proporties of these soils.

1.2, The conventional mothods adopted for building
foundations in such soils include excavation of undesi-

rable soils and back-filling with sand wherever possible,

adoption of as deop a foundation as em_)nomically feasible,
uso of sand filling in the bottom and sides of the found
rajtdation trench, provision of an R.C. afxd T beam at
foundation level, provision of contlr}lloll S.R.C. beams at
plinth and lintel lovel ete. A detailed treatmentof such
methods is furnished in a paper by  C. Chandrahasan.
(1). However, some of the buildings have been foun:‘l to be
affected even after provision of such trc{mtmcnts. Further
the cost of the building increases appreciably by the pro-
vision of such additional features.

1.3 Presently, the use of the un('lor reamend piles 'is
finding increased fauvour with Engincers and .Blullderslm
the City in view of the reductionin cost ppsmb e and the
claim that the provision of such a founda._tlon fully over-
comes, the deloterious effects of the swelling properties ot
tho clay. Boring and under reaming ponls are more r(.la.dlly
available and also as the time required fpr eXecuation of
the foundation work upto ground level is comparitively

ossand as the site work is handled more elegantly, the
adoption of under-reamed piles is increasing day byday.
However, most of the smaller building contractors of the
city aro not well versed with the execution of such works,
A few cases of buildings constructed with under-reamed
pile fonudatations have therefore shown some distress.
Such defective behaviour of under reamed pile foundations
has been attributed to insuffici ent formation of the bulb in
the piles. It was therefore considered desirable to test a
few under reamed piles so as to ensure that the piles had
the designed carrying capacity and to gain confidence in-
the construction techniques adopted before embarking on
a project involving the construction of a large number of
under.reamed piles. The present paper describes the tests
carried out and the results obtained for one such project
viz.,proposed building for the Indian Standards Institu-
tion Madras Branch at Guindy.

2. DETAILS OF THE BUILDING:—

2.1 Thesiteislocated in the Central Polytecnics campus,
Adyar, next to the Institute of Catering Technology. The
buildings is a 3-8t oreyed framed structure. An exami-
nation oftrial pits put at the site revealed the existence of
brown clay upto a depth of 1.7 m and standy clay upto
2.6 m. Both disturbed and undisturbed soil samples were
collected from the pits and have been tested in the Sojl
Mchanics and Reasearch Laboratories.

Arrangemetts of RSJs,, Jacks and Dial Indicator.

407TA-1—3

* Research Officer, Scil Merchanics and Resoarch Division, Madras-5.
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ENERGY AND MOMENTUM COEFFICIENTS

THIRU 1). CHANDRASEKARAN* & Tmire R,

Y. INTRODUCTION :—

In many fluid flow problems, it has often become g
necessity to compute the energy n.n(l.the momentum  flux
of a flowing fluid.  The energy principle is ’g‘('.ll(‘I‘le’l.\' used
for flow computations and only whena mgmhmn.t n}tornz}l
loss exists in the fllow, then the momentum  principle is
made use of.  The kinetic cnergy and th(_- momentum
fiux of the fluid can be obtained by lm(*gl‘ntn}g the
point velocity with respeet to the area o‘f fl()\\:. '.511(31_1 a
procedure would be simpler if the velocity .(llStI‘ll)l!tl'()n
ix uniform across the depth. For rear  fluid ﬂ‘()w with
non-uniform velocity  distributions, the integration  may
be involved and the solution cannot be casily obtained.
In such cases. the kinetie cnergy and the momentum flux
can be computed direetly from the mean velocity of' flow
uzing certain coefficients to account for ﬂ.l() noll-llll'lf()r[.ll
distributions. A cocfficient fox_‘ 'computmg the kinetic
cnergy was first proposed by Qomohs :1?(1 another for the
momentum flux by Boussinesq. Sinee thm}, ‘gl)es}-
coefficients were computed for a number of velocity distri-

butions, and the results  were  reported. Howcyey, a

(;riticwl ,roviow and comparison of  these cocfficients

} « : . . . .

obtained for different velocity  distributions  are not
é ,

available. In this note  the
different
compared.

e VELOCITY PROFILES :—

cocflicients obtained  for
veloeity distributions  are  summarised and

Different profiles for the non-uniform (listribution_of
velocity in turbulent flow have been proposed, rr.la}(}ng
different assumptions with varying (!Cgrccs of plau;lbll_nt)
Prandtl (1)propounded the logar.lthmlc law of dlStmbUt'l(i;l
which can be applied in the neighbourhood of the wall,

This velocity profile has a kink at the point of maximum
velocity The velocity Proﬁle a proposed by Von.karman'
(1) also has the same defect. _Thc onq-seventll power law
established by Blasius (1) is  applicable only in the
transitional regime of flow and the power is sllgh.tly
different for higher Reynolds numbers Recently, a velocity
distribution based on the palance of the rate of cnergy
lost due to molecular fractiion and the flux of the
momentum from tho  wall has  been  presented by
Zagustin (2). This law is free .from the defects of other
velocity distributions and yields better x_'esults when
applied to practical problems (;3). In laminar flow the
veloeity distribtuion is parabolie (1) as shown by Hagen
and Poizeuille. Rehbock (4) 'pro'posed a hypothetical
linear distribution for the velocity in laminar flow.

2. COMPARISON o« o and B siyn :—

The energy cocfficient ccand the momentium coefficient
3 are respectively obtained from the equations,
S u?® da afu? da
o e and 3= °—

V3A VZA

_ ity of flow at any distance y form the wall

%Vh\?: ;ln—vzlglc?:;%f flow and A=area of flow (Fig.1). In

= ¥¢ A

oL =

cand the smallest values

by
NSAKTHIVADIVE], ¥%

the figure, U refers to the maximum ve
ot a distance of h. The differe
I) were introduce in the above cquations and the values
of . and £ were computed with an [BM-1620 computer
for pipe tlow and wide open channel flow,  The computed
values are tabulated in Tables 1 and 2 together with
the values of pipe factor. The pipe factor is defined as thet
ratio of the Mean velocty: Vo to the maximum veloeity,
U. The usefulness of the pipe factor | mean

15 that the
velocity of flow can be casily computed, if the maximum
veloeity is known.  In Table 1, V--shear velocity which
is cqual to VA for pipe flow in which f » refers to
8

the friction factor and V/e A/¢ for open channel flow in
which C refers to Chezy s coefficient and g. acceleration due
to gravity, i=hydraulic gradient in pipe flow and bed slope
in channel  flow, ¥+=dynamic viscosity of fluid, w its
specific weight and k=-von-karman's constant taken to he
0.4 Table 2 gives the numerical  values  of o and B
computed with the help of Table 1 for dificrent values of
fand C. The values of o ang B (Table ).

lozity occurring
nt veloeity profiles (Tablo

(Table 1) for exponential veloeity
namely, Hagen-Poiseuilles, parabolic law, Rehboek’s
lincar power law and Blasius’ one-seventh power law are
independent of the frietion parameters £ and C. Among
these laws, Rebbock's law furnishes the highest  values
o =35 and 8==2-333 for the case of open  channel flow,
The variations of « and g (from Table 2) with respeet to
fand Care shown in Fgs.2 and 3. As scen from these
figures or Table 2 the values of the cnergy coefficient, « and
the momentum coefficient, 8 increase with increasing
values of the friction facor, f and with decreasing values of
the Chezy’s coefficient, C except for C=20 for the case of «.
It may be seen form Table 2 that for lower values of f
0.008 to 0.025 and higher values  of C==100 to 300 the

quantity, % —1YAmong the non-exponential veloeity
distribtuions,\ the highest values of x and 3 for

distributions,

1
higher values of f and smaller values of C are given by
Zagustin’s law and next smaller values by Prandtl’s law

by Von-Karman’s law. For
smaller values of f and larger values of C, these three laws

yield more or less the same values for = and 4 (Figs. 2
and 3 or Table 2).

4. CONCLUSION-~:

The widely used Prandtl’s logarithmic law of velocity
distribution, Von-Karman’s law, Zagustin’s law and
Blassius one-seventh power law, yicld almost the same
values of the energy and the momentum coefficients in the
most commonly encountered regime of turbulent flow at
the normal values of the friction factor, £=-0.01 to 0.04 (in
pipe flow) and the Chezy’s co-cfficient, C=75 to 100 (in
channel flow) Hence, in practice any of these velocity
distribution can be used for computing these coefficients
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i 4 3. Konstantin Zagustin, Scdiment Distribution 1in
REFERENCES— Lt Turbulent Flow Journal of Hydraulic Research, Vol. 6.
Solichti ary laye- theorY st 2 1968, pp. 163-71. :
wmann Sclichting, Boundary laye- the No. 2, . D1
En;;}g}:(i«:lfll.b.nivl‘,-. Graw-Hill Book Co., 1955 p. 62 and pp.

4. Rehbock, T6e determination of the Position of the
74U - 1 Analytical Solution ~ HEnergy. Line on Flowing Water with tne aii_d oé\;elgci&y.
| 2, Zagistin. A, and K. Zagustm: XM‘. 'l./( \ ‘ ' head adjustments.  Der Bausingenieur, Berlin, Vol. 3, No,
eon/Nu /xiv/i-14 for Tarbulent Flow in Pipes, La Houille Blanche, Numero 15 Angust pp. 1022, 453.455.
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OUR EDITORIAL BOARD MEMBER

Lv. P. Kumaraswamy, B.E. (Hons.), MTAHR, MTASH,
MCSI, FOAES (MIT. USA) FASc., MIWRA, is working
as Direetor-in-charge of one of the greatest Engincering
Research Station in India (i.e.) Institute of Hydraulies
and Hydrology at Poondi Tamil Nadu. He was & very
brilliant student even as he was in Engineering College
and obtained First Class with Honours in 1951 and he had
shoan keen interest in knowing the subject thoroughly.
He was awarded the Fischer’s Gold Medal of the Univer-
sity of Madras for proficiency in Mathematics. After
completing his studies he has joined in Public Works
Department, Tamil Nadu as Junior Engineer in Irrigation
Research Station, Poondi in 1951 and he became Assistant
Engincer by Direct recruitment in the year 1955. Asg
Assistant Engineer he has worked in many Irrigation
Projects in Tamil Nadu both in investigation and
execution and also as Assistant Research Officer, Irrigation
Research Station, Poondi. He hasg also served as Exe-
cutive Engincer in Tuticorin Harbour Projects, High
Pressure Boiler Plant  Projeet, Tiruchirappalli, Design
and Construction Branch of Industries Department, ete.
By working hard he has brought credit not only to the
Project where he worked but also to the Government.

During his tenure as Assistant Reseasch Officer in the
Hydraulic Station, Poondi he has developed keen interest
in Hydraulic Research. In 1967 Government appointed
him as Executive Engineer, P.W.D,, Hydraulic Research
Station, Poondi. Only during this  period he has
jmproved the Research Station as ¢ full-fledged Institu-

a8

34

GETS NEHRU FELLOWSHIP AWARD

tion for conducting Hydraulic and Hydrology Research
and from the date of upgrading of the Institution he is
looking after the Rescareh Station as acting Director.

During this period Government of Tndia after seeiug
his aptitude for Rescareh awarded him the Homi Bhaba
Fellowships and sent him abroad for conducting further
rescarch in Hydraulics. in recognition of his work on
“ Electronic Analogue  Computer 7 to assess the ground
water: potential a method also useful in oil mining.  He
has done research work for this fellowship in the Tata
Institute of Fundamental Rescarch in Bombay and
in Massachusettes Tnstitute of Technology, U.S.A.

Once again the Government of India have awarded the
Nebru fellowship to him in 1974, Tt carries & sum of
R« 3.000 pm. as Honorarium and a  consolidated
amount of Rs. 10,000 per year for maintenance of Office

equipment, ete. This is for a period of 2 Years.

He hay selected to do the Research in the same
Institute even though he can do the same anywhere in the
world.

The main aim of his present study under the Fellow-
ship is to scientificially fore cast the run off based on the
already colleeted information on ground water potential
This will give moie
than the present run off
formulae. This method will help the TIrrigation and
Water Management Engineer in & big way.

rainfall surface vegitation, cte.
realistic and rteliable result

At present he is one of the Member in Editorial
Board in the Publication of this Irrigation Era and also
he is the only Engineer working in this Department who
has been selected for this Fellowship till now.

We wish him great success in his Research and also
many more larels in recognition of his Rescarch work.

4

EXTRACT FROM SPECTRUM- BRITISH SCIENCE NEWS

NEW TECHNIQEES FOR
By

FLOOD ESTIMA-TION.

CeLia KIRBY

Institute of Hydrology,

Loss of Life and property through flooding is
a common hazard the world over because when and
where floods will occur is very difficult to fgref:a?t.
New techniques are now avai}able for gstlmatifng the
expoctation of floods of vorious magnitudes for any

given site and will be an important tool for civil

engineering designin the future.

Despite its small size, the UK is sixth in the wor{d
league in the number of reservoir dams it has (ﬁrs.t is
China, followed by the USA, Japan, Ir)dla, and, Spain).
This is because most of its rain falls in places where
there are few people so that complex storage
facilities are needed to get and hola enough water-
This situation i8 not unique to the UK. however, and
British Civil Engineers aroften called upan to use
their expertise in dam building all over the wotld.

Common to a'l structures built to contain of fiivert
water, wherever they are sited is the ability to
stand up to stressess of flooding hrought about by
erratic weathe, chahges. Because no-one can yet
predict future weather conditions, all engineers have
to build-in big safety maygins when deciding on the
final size of a structure, to allow fot what is known
as the design maximum storm.

Basically, floods happen in two ways. Firstly,
there is flash flooding, when suddt?n heavy rain
falln on impermeable or saturated soil or, in urban
situations, when the volume of rain water is too great
to run off through gutters and sewers. S.condly
the river may flood by overtopping its banks be(.za,U.se
of too much water coming in from the streams in its
catchment area. Improved weather forecasting
through better monitoring of global wea.the.r condi.
tions may give us earlier warning of potential flood
situations but without better knokledge of the river
regime at a particular site the extent of the danger
cannot be estimated.

P AST RECORDS.

- Ways of estimating flood risks, including possible
maximums and how often they might occur at any
particular site, are based on studying the previous
pehaviour at that site. Past records of the flood
levels in the streams and rivers of the area are related
to the known rainfall for that period. The weakness
in method lies in the assumption #hat the physical
nature of the area hat remained unchanged-no towns
built ¢ r no extensive forest development to upset soil

Walling ford, Oxfordshire.

drainage patterns--and that reliable records exist for
the site in question. This is by no means always
the case oven in countries with mandatory re-
quiremenents for hydrological tecords so guch infor-
tion is likely to be scarce in many areas of the
world.

Now, a comprehensive survey into the magnitude
and frequency of floods in the UK has produced pot
only an improvement in the existing flood . risks at
sites for which no records exist. Supported as it was
as a special recearch project of the Institute -of
Hydrology, at Wollingford. the study wes bassed on
UK. records, supplemented with those from the Irish
Repnblic (thus considering the British Isles as a
geographical entity uncomplicated by  political
boundaries). However, to argu: the case for their
proposed methods the team yruducing the lemgthy
rep rt have included in it a thorough appraisal of all
the proven statistical t=chniquss for this type of
work. This makes the report a valuable t-xt-book
for other researchers and aiso contiins much that can
b~ applied in other regions of the world with similax
climate and topography. Indeed, in countries where
floods are mere seasonal, the procedure could work
even better than they do for the UK situation-

STATISTICS :

Ths report puts forward two ways of estimating
floods. depending on the kind of design informtion
the engineer needs. The first comes from a statistical
study of past floods, using the records of 500 different
flood gauging stations to try and assess the important
factors that contribute to flooding. Tt is olear that
catchment topography such as area, slopy, channel
network and type of soil, all influence the way any
particular area reasons to rainfall input in terms of
the extent of the flood that rain produces. Area,
slope and type of coil (classified heze according to
winter rain acoeptanco rate, whichis & good indicator
of filtesing potentiali are fairly ea8y to obtain, but
drainage density is difficult to measnre as it requires
working out the total channel length and then dividing
this by the catchment area. However, it seems that
there 1s a high correlation between drainage density
and what is known as stream frequency. This is the
number of chanmnel junctions and is a feature thag
does app-ar reliably on large scale maps.

The stream frequency factor is produced by adding
up the numbcr of natural stream junctions, counting
upstream from the lcwess site and tuen dividing this
nomber by the catchment area. Artificinl channelg

cut {:or drainage and canals are ignored for the
exercise. v
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By looking at past flood events, [ormulae have
been derived to  give the maXimum possible ﬂqod
produced from any given rainfall input by fe.ding
.1 information of the topography of the areu, ~uitahly
weighted, mathematically speaking, according to its

) o . . |
importance in affecting runofi’  gencration.  The
ceugty of tais method is that much of the injorma-
bon needed can be g:unerl' from reasonnabls large-
tile maps an:l thus e'iminstes the neeld for aetual
ecords,

Tho second apporach is applicable for situation
where the engincer needs a detailed pictures of the
kind of flood likely to be produced. For instance,
for designing rescrvoir spillways he needs to know not
inst the pealk (low to be enecourtercd durine any storm
Lut also the way the flow is likely to build up  and
0 down The technique krown as the ‘unit hydro-
;mph’ came in useru! here. This assumes that for a
siven drainage hasin or catchment there is a cons
tant response to 1 unit cf offective rxinfa,lil bhat 1s,
the amount of rain left to generate runofl after the
il has been saturated, some has been lost by
cvaroration, and so on).

When the research team looked at past records of
flooding for which there were also corresponding
mongly. rainfall rocords, they found that percentage
yunoff could actually be predicted from the physical
condition of the catchment at the time, taking accouns
of such factors as soil type, state of ocatchment
wetness and land use. In practical tarms, if detailg
of the catchment are fed into appropriate cquations
measurements of area, stream length, angle of
glope, urban percentage) together with rainfall the
answer will come up about how long the flood will
t.ke to reach its worst and how long it will last.
This answer is then wodified according to catchment
wetness and pereentage runoff indices to given a
. omplete picture of the flood likely to by produced by

anp given rainfall inpyt. This is s long but by no

nmeans difficult operation for the design engineer,
TABLES :

A erncial factor in flood estimation iz, of course
tho rainfall mput. The Meteorological Office produced
maps and tables from which (o ¢-timate the smount
of rain to he expocted in any location in any period
~ad with auy rarity up to the ‘estimated maximun’.
Again, like the flow records, the work was based on
UK data hut the methods used and the application
in flood estimation techniques can he used in wider
corraxt, Using this infovmation it is possible to say
bow big a flood will occur ol o particular sito follow-
ing a given rainstorm and to say how often there will
bs a flood. This is important when dealing with the
problem of telating eosis of flood control sehemes to
arcas of flood risk.

No. one has yet found a way of accurately predict-
ing  weather conditions for more than a few hours
ahead. Until that time, we e¢wn only build to
withstand probable hezards and try to minimize the
damage tlooding causes.  Tho design of structures can
be refined Ly using flood estimation procedures bub
this work also hus another vital application. It is
particularly valuable to people trying to plan the use
of land. Many of the dangers and economio hardships
of flooding couid ho avoidod if man conceded vietory
to the clements by not trying to develop flood  plains
the low-lying land used s natural cxtension to
the river channel during periods of high flow. Inmany
parts of the werld however (and certainly in the UK)
urbanization has already claimed the major flood
plrins.  Attempts are made to stop the water from
overflowing the banks, by better management of rivers
and by providing special embankments and culverts
to retain or divert the water so that it does no harm.
Improved flood estimation docs at least give the
engineer o clearer idea of the potential risks, so he
can plan accordingly.

*Flood Studies Report: 5 vols.,, Published by the Naturs)
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INVITATION TO READERS.

Kind attention of the Enzinecrs of the Tamil Nadu Public Works
Department and readers of the  journal elsewhere is drawn to the
meagre response to repeated requests for contribution of articles to
the j()urnal.

May we once azain emphasise the  two-fold objective of the
journal, viz., to promote the intorest of engineers and aiding their
specialised work Dby placing before  them  the many problems of
tochnical importance and ways anl means of solving them, and
secondly, opportunitics being scarce for engineors to éxpr(‘,\ﬂ ’Hmir
own oxperience in solving practical problems of desien and execution,
we wish to add that this journal has been the only medium of
expression for those in the field. It is earnestly desired that the
Engineering fraternity will come forward in large numbers to utilise
this medium  to its best advantage by offering their valuable
contribution. '

The scope of the articl:s to the journal need not be rigorously
confined to the subjects on Irrigation alone, Articles which have a
direct bearing on subjects given below are also weleome ' —

(1) Technical aspects  of foundation soils and  foundation
Engineering.

(2) Auxiliary \\:(;I"ks‘ in the field of Irrigation wnd other
water-retaining struoctures and works,

(3) Practical solution to hydraulic problems in Canals and
distribution systems with reference to their maintenance.

(4) Problems of soil erosion and conservation and reclamation
of land.

(5) Practical silt problems in rivers and reservoirs,

(6) Problems of sanitation and public health and possibilities
of utilisation of sewage.

(7) Inland \Ya,terways and navigation, fishing schemes and
protection of land agaiust sea erosion, etc.

(8) Problems of drainage} in deltaic tracts and entrance of
rivers into the sea.

(9) Run-off studiesin catchments and evaporation studies in
reservoirs,

(10y Al allied subjects.

The Executive Engineers of the Tamil Nadu Public Works
Department a1¢ specialiy _requested to encourage their subordinate
offiors to come forward with articles and enable the journal(tvo
floyrish and serve the common cause of the Eugineers of the State.

PRINTED BY THE DIRECTOR OF STATIONERY AND PRINTING, MADRAS
ON BEHALF¥ OF GQGOVERNMENT OF TamiL Napv.
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