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The L eidenfrost Phenomenon
3.1) Asgiven in the problem
L e (i)
dz n dr
Integrating (i) with respectto z , we get
T I il Y () (0.5 point)
2n dr
2
3.2) v(gj =0 = 1 dr (9] +C (iii)
2 2n dr ) \ 2
2
C = _b dP (0.5 point)
8n dr

Note that C is not a real constant; its value depends on (;—P which is a function of r.
r

3.3) Let Q be the volume rate of flow of the vapour through the cylindrical surface of 2zrb.

5Q = v(z)-2zréz where from (ii) and (iii): (0.3 point)
v(z) = (%Z—T]{zz—%} ............... (iv)
o _ (2arde) il . b
o - shvoam - (2 o2
o = AP V) (0.7 point)
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3.4) The total rate of heat flow from the area zr? of the hot surface to the drop is ™ Wi

assume that this heat goes into vaporizing the drop.

2
Hence pQl = da IbCAT and using (v) we get
dP 6nICAT : .
— = - o Vi 0.4 point
i (pij (vi) (0.4 point)
This gives P(r) = —[377’CAIJ-r2+B (0.4 point)
pylb

where B is an arbitrary constant whose value can be found by applying the boundary

condition P(R) = P,, the atmospheric pressure.

Hence B=P +(377KAT J R® (vii) (0.4 point)

and P(r)=P, +(3’7’CAT J.(R2 —rf) (viii) (0.8 point)
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3.5) The net force due to pressure is in the upward direction and of magnitude
R 4
3rnICATR . .
f = P(r)-P, |2zrdr = —/——— ... IX 1.0 point
J[P(n)-R]2r S (i) (1.0 poiny
The weight of the drop is %ﬂR3pog , Where p, is the density of liquid.
4
2 2R, 37r77/CAT4R
3 2p,lb
1
9nKRAT }*
- ( i j ............... (x)
4Py 19
Notethat ~ <INAT _ Apg (xi) (1.0 point)
plb 3 R
3.6) Use equations (xi) and (viii) to obtain
P(r)=P (E&QJ-(RZ—rz) ............... (xii)
*\3 R
d 8 p,0 .. .
—P(r)=—| =2 1|r Xiii 0.8 point
Lr(n--(329) o) (08 poiny

Then use (v) to calculate the total mass-rate of vaporization Qp,, at r=R:

270°R 8pogj 4rp, p,9R
— — R — V/-0 b3
o [ 12 J(s R ) 9

3
B 47rpvpogRj(97ﬂCRAT j“
9 4019

1
4 4IC3 AT 3 Z Z Z
_ % p\,,oog( )J ‘R* = BR* ... (xiv) (1.2 points)

onl?
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3.7) The life-time () of the drop, is to be found from
i(gﬁRfﬂ ) = -Q = —ﬂR%
qtl 3 Po Pv
1
T
dt 27p,
0 1 T ﬂ
[RédR = - dt (1.0 point)
R 2 270,
_ Smopi 89l g (1.0 point)
54 5 4K°p, g (AT )
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