Poiseuille’s equatiop -
; (7) Correction hrmm:mwm%hn, .

3
Fj i g P-I':ﬂ‘. '
%
Viscosity
This can be deduced as follows
The K.E. given to the liquid of density p per second
E = [ 385 dvp)y =p [ €
0 : 0 / -+
p f/) ® 20
But 205 v = ‘Ll”{az -rY) o | ..nl oM
"'I.":l \ = "‘{\Q, Q/

.‘-I_H.. ‘i.
The work done in overcoming viscosity is p, ¥ whereas total work done per unit volume is pV.
Here p, is the effective pressure. !
' g iy | Pl VYT TP Sn\ 1 \?’ [{f-‘l’ld]
pr=pV+ b = ﬁ\fj}l "

aa
or P.'F"‘::; -_’-.'\F \q i’E,.JS &u'} {l)
p.-ip[*":;i!] ¥ » T L‘}M? :

Thus [V2/(x’a‘g)] is the correction factor to the pressure head for gain of kinetic energy by
the emergent liquid. I
(#7) Correction for length of tube: At the inlet end of the tube, the flow of the liquid is not

streamline for some distance. Consequently the liquid is accelerated. The effective length of the tube
is thus increased from / to [ + 1.64 a. Thus, the corrected relation for | becomes

xa' Fek pyl
T ra+isia|  wa'g)EP
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Fig 2.30) -
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length radius shown in Fig. 2.3 (a). Consider the steady flow of a liquid ?fmzl'ﬂc:ual
zv@yﬂwﬂ;ﬁ.gvgﬁyﬁhWElmmyﬂhmﬂqm
hulb:fd:tdeﬂnlhmhmnﬂiM.MnM lhellot't_lulqud
;ﬁﬂwﬁhﬂcdmmruﬂmmsﬂd'[ﬁ;u(bnL.cuhevelnmy?fdu
iqidnnhehﬂuﬁ::dhﬁdlhvndhlmummcbev-du{dmﬂum
Tl:mﬁu‘:uoflllcﬁ:!l'ﬁ-lsrf. | -
mﬁum‘:ho{mlﬂ.uww@ngwnudfmm

”hﬂhﬁﬂh“hﬁ.mﬂﬂhﬁﬂﬁﬂﬂmﬁm

dv dv
F,=-nd > -—n!:rl;

The driving force on the liquid shell, accelerating it forward
Fy =pnr i ;
where, p = pressure difference across the two ends of the tube and y
xr? = Area of cross-section of the inner cylinder.
When the motion is steady,
backward dragging force (F,) = The driving force (F)

-ﬂ!nr!% = prriordv= rdr.

P
2nl

-p rI

Integrating, - —=—4+C.
T
where C is a constant of integration.

2
=a,v= -L2,coC=
When r = a, v=0. Hence, 0 i 2 ‘f"_jq’

ke (=
v ‘m{a )

This gives us the average velocity of the liquid flowing through the cylindrical shell.
Hence the volume of the liquid that flows out per second through this shell

P Area of cross-section of the shell Vaiodi
of radius r and thickness dr x Velocity of flow

p 2 2 R 3
-2 P2 3 Rp i
’"‘"'4“;(‘! r’) 2'11'(“’ r)dr

The volume of the liquid that flows out per second is obtained by i - )
for dV between the limits r =0to r = a. integrating the expression

T 1 4 "
v= [ZL@?r-F &.."_P[ ::__r_J
:‘!3‘1’{ i~ S .

xp a'
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4
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%rwm-s VISCOMETER

This instrument is used to compare the viscosities of two liquids. It is also used to study the

1 of viscosity of a liquid with :

The apparatus consists of two glass bulbs A and B joined by a capillary
tube DE bent into a U-form (Fig. 2.5). The bulb A is connected to a funnel
F. The bulb B is connected to an exhaust pump through a stop-cock §. X,
L, and M are fixed marks, as shown in the figure. The whole apparatus is
placed inside a constant temperature bath.

The liquid is then introduced into the apparatus through the funnel and
its volume is adjusted, so that the liquid occupies the portion-between the -
marks K and M, when the stop-cock is closed. The stop-cock is now opened
and with the help of the exhaust pump the liquid is sucked up above the mark
K. The stop-cock i:chudlndlheﬂhnmpmupi;mmyvnd.lhcﬂnp-cmkiilpinw.m
liquid is allowed to flow through the capillary tube. ot i

The time ( 1,) taken by the liquid to fall from the mark X to the mark [ is noted. The experiment
is then repeated with the second liquid and the time (1,) taken by it to fall from X to L is noted.

Theory : Let 1, and 1, be the coefficients of viscosity and p, and p, the densities of the two
liquids respectively. Let the volume of liquid between K and L be V. Then,

the rate of flow of the first liquid = ¥, = V1, A1)
and the rate of flow of the second liquid = ¥, = Vi, : {2
2 x.R.a" g x.P.at
Hﬂwf“] EF,J ﬂ“"nl sri.f
or ﬂ- = &xi
vy hih . ~A3)
ButﬂgprmPilpmpmﬁonllmdndmit}'ofﬂuliquidm(p.;,ps}
Hence A.a
¥ ﬁ pz u.{"}
.i'hllﬂ. dlmt ) pi f: "'tlsl ’
ATUEEE N, S .c-..ﬂ. T3 Mmﬂ L : p wh J
e — R 5 Y ‘3
Viscosity »
Hence, L . 10 v} .(6)
M H.p
From equation (6), n,/n, can be calculated,
l.III_l F'f METLAM EMAD MEvSmasisisina amsesmsuaisierr AR iAASITY ﬂl\
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2.8. TERMINAL VELOCITY AND STOKES' FORMULA =
Let us consider an infinite column of a highly viscous liquid like castor oil contained in a tall jar
ifa ball is dropped into the liquid, it begins to move down with acceleration under gravitational
pu.lLBlliumuﬁmhtheliquidhuppmedbyﬁmfmhﬂuliquﬂ.Mvimﬁuu
muﬂrwlochynfﬂuh-ﬂinﬂm.ﬁmllylulmilyﬁllbeamimdwhmﬂ:l:l]:pmi
nﬁﬂuuftheh!lhwmmaqudmﬂumdhgﬁmufmmmﬁngmitmﬂmmge.dumh
humhhﬂhm.wmmcwlmﬁmmmemwimdumwhcﬁym
This uniform velocity is called the rerminal velocity.)
Shlu‘th:Thcﬁmmuﬁrnanpﬁmwﬂhy:ﬁllm‘gmmwm the
tumhﬂveloniryrul‘th:hul],{ii}themdiu{r]ofﬂ:ehﬂmd{ﬁmhe i ' @

the liquid. We can write F = kv* /* n° where k is a dimension less constant. The dimensi
quantitics are F = MLT%;, v= LT, r=L; n= ML T dimensions of these

(kis a number; it has no dimensions).
MLT? = LTy Lb (ML Ty
MLT? = M [o*b-c T a-c
Equating the powers of M, L and T on either side,
c=l,ga+b-c=land-a-c=-2.
Solving a=1;b=landc=1. ". F=kvry,
Stokes experimentally found the value of & to be 6 x.

the weight of the ball= gur’px-
The weight of the displaced liquid ..i il
mmmmhm it

3
The apparent weight| _ 4 RE oS oy
of the ball } 3"}“ 3“1” 3”1{”“9'1;"

When the ball attains its terminal velocity v,

Viscosity -
the apparent weight of the ball = viscous force F.

4 3 ¥
6rvrn = 3 (p-p)g

27 ;

o o :I_ (p-p)g

Assumptions made by Stokes while deriving the formula:

(1) The medium through which the body falls is infinite in extent.

(2) The moving body is perfectly rigid and smooth.

(3) There is no slip between the moving body and the medium.

(4) There are no eddy currents or waves set up in the medium due to the motion of the body
through it. In other words, the body is moving very slowly through it.



2.9. STOKES' METHOD FOR THE COEFFICIENT OF VISCOSITY OF A VISCOUS
Lm ? .- = —r
Stokes” method is suitable for highly viscous liquids like castor oil and

glycerine. The experimental Ii?uid is taken in a tall and wide jar (Fig. 2.7). Four

or five marks A, B, C, D... are drawn on the outside of the jar at intervals of 5

cm. A steel ball is gently dropped centrally into the jar. The time taken by the

ball to move through the distances A8, BC, CD, ... are noted. When the times
for two consecutive transits are equal, the ball has reached terminal velocity.

Now another ball is gently dropped into the jar. When the ball just reaches a
mark below the terminal stage, the time () taken by the ball to move through a
definite distance (x) is noted. -

Terminal velocity = v = x/1. .

The experiment is repeated for varying distances and the mean value of v is found.

The radius of the ball is measured accurately with a screw gauge. The density of the ball p and

the density of the liquid p” are found by the principle of Archimedes. 1) is calculated using the formula
B Kl 2 1
s PP
Example 1 : Assuming that when a spherical body moves in a viscous fluid under the action
of a force F, the resultant force is given by ma = F - 6 xr\\ v, calculate the terminal velocity of a
rain drop of diameter 10~ m. Density of air relative to water'is 1.3 % 107%; = 1.81 % 10~ N smr?.
When the body attains the terminal velocity, the acceleration of the body:is zero. The body
continues moving in the direction of the force with a constant velocity (v).
2r' (p-p)8.
| " b s e e PR
9 n

-3
Here r-%—-#hlﬂ"m

p = Density of water= 1000 kg m™.

p' = Density of air = Density of air relative to water x Density
=13kgm?n=1.81 x10°Nsm? andg =98 ms. i 2
: 2(5x107)Y (1000-1.3)98 .
e pirgsess MGG TN gILg =3 o ’

of water = 1.3 x 10~) x 1000




DIFFUSIONC 2.7

Definition :
The process by virtue of which the molecules of a solute move upward from the lower portion
of greater conceniration to upper portion of lower concentration is called diffusion.

Diffusion takes place in gases also. A tall glass jar s divided info two portions by a movable
glass plate. The upper jar containing H2 is placed over a jar containing CO,. When saparation (glass
plate) is removed in a short time, the molecules of the two gases mix with each other unti a mixture of
two gases are equal.

Experiments were carried out on diffusion by Graham and formulated several laws. These are
known Garham's Law of diffusion. He arrived at the following conclusions:

1. The rate of diffusion increases with mmmma.
9. The rate of diffusion depends upon the nature of the solute.
3. Diffusion allers the proportion of two salls in a mixture.

o

4. For the same substance of differont concentration the rale  of  diffusion  is  directly
proportional 1o the concenlration.
5. Substances have been classified into
1) cryslalloids 2 Colloids

In Crystallojds diffusion lakes placa vory fasl. For eg, Sall solufion, mineral acids eto.
In colloids diffusion takos placa very vary slowly. For ag., gum, caramel, golatine ele.




GRAHAMS LAW FOR DIFFUSION OF GASES
Gases diffuse much more rapldly than liquids due to thelr high molecular spoad. Gas diffusion
is povemed by Graham's law of diffusion,

The rates of diffusion of two gases are invorsely proportional fo the square rools of their
densities, 1rfz & py, pzbe the rates of diffusion and dansitios of two gasos.

Then
Y’f o II"/F! & 1 "
L Py v/e, Fa
[ n=1p, T2=1/p2]
FICK'S LAW .

Elek formulated a law of diffusion based on Fourier's law. It staies that the amaount of sclute
undzrgoing diffusion Is,

1. direclly proportional to area of cross section where diffusion takes place.

2, directly proportional lo the time of diffusion

3. directly prcporﬁmﬁimmammanh‘aﬁmgmdlmtnfmmmin that dir=cton

ia, Qo A [ Q =amountofs: :=.|'2 .! 5

at
o dofdx

Q o At{deidx)

Q = KAt (de/dx)
Here,
ci- G2

————
]

dc
dx

Nmram.uzammammﬂuaﬁundmuMMMaMnhmdmﬂmﬂmﬁg‘m’rﬁm

diffusion takes place.
KAt (c1 - €2)
9] = Sy T P
X

Where K is a diffusion constant also called as co-efficiont of dilfusion (or) dhiffusivity.




COEFFICIENT OF DIFFUSION - Diffusivity

; _Tl'rnmammt of solule passing across unil aroa of cross-section in unit lime when concentration
gradient is unity. o
»

L {_' " {H
ANALOGY WITH HEAT CONDUCTION At ( : 2)
Heal conduction in solids and diffusion in liquicls are similar phenomena. Heat condustion,

Q M=t

]

d

Where 0 s tha quantily of heal flowing in 't' socs across the condustor, of area A, when heat pass

from on layer to anolher fayer of conchictor, Then temparatures of b layars are 0, 0, and d is the
urstangd balvaon tho twa layors,

EFFUSION = TRANSPIRATION & TRANSFUSION

EFFUSION

VWhen a gas escapes from a vessel into a vacuum lhrough a small hala in the plata such that
the diameter of the hole is greater than the length of the plate. Then the gas is sald to sfiuse and s
process is called effusion, i

Graham showed that the rale of effusion is directly proportional to the square root of the
differenice on the two sides of the hole and inversely proportional to the equare root of iis cer
3/95

Pressure difference
Velocity of effusion o

Density

TRANSPIRATION

On the other hand, whenever a gas escapes from vessel into vacuum through the hole in a
plats, such that the length of the plate is large compare to the diameter of the hole. Then the process of

the gas escaping is called transpiration.

TRANSFUSION

When a gas escapes from the vessel into vacuum through a hole in the plate then diameter
and length are comparable, This process Is called transfusion.
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EXPERIMENTAL DETERMINATION OF COEFFICIENT OF DIFFUSION ( OR ) DIFFUSIVITY.

Let ABCD is a vessel with sufficient quantity of the given salt at its botiom. Let CD be the
concentration of the bottom layer. A dilute solution of the saltin water is poured gently inlo the vessel b
a distance x. without disturbing the solution at the bottom a slow and steady flow of water is made to
enter the vessel 2t A with the help of fubs E. The water is coming out of the vessel through a tube F at
B as shown. The flow of water should be so slow that it should not disturb the process of diffusion.
After sometime, a steady state will be atiained when the amount of the salt difusing through the area
AB al the top is constant. Then solution coming out of the vessel Is collected in a vessel of known
weight for known inferval of time and then amount of sall presentin it is calculated.

Then concentration Cz at the top mos! layer AB is calculated. By a preliminary experiment, the

concentration C1 at the botlom most layer CD is also known. 1 Q be the amount of the given solute
and area of the topmost Jayer is 'A', then by Fick's Law,

Q= KAT (C~-Ca) / x
Here, Q, At and (Cy—Cy}/ x woknown

s e o ia calculated
MG -G Y4 x

APPLICATION OF DIFFUSION

1. Diffusion is 2 very important prossss in making intagrated circuits (IC) used in the electronic
industry to construct finy devices.  For example diodes, transistors efe. It is necessary 1o creale
sontrolied n & p typs regions in the siicon. This is usually done using a process known 38 solid slate

diffusion

dioud charber which can be used for detecling of




