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ABETRACT

A simple model for fhe motion of a surface layer on top of a heevier,
motionless bottom layer has been used to study the influence of an
ice cover on the thickness of the top layer. Sufficiently far from
the downstream ice edge, the increase of thickness due to the ice
cover will approach a fixed percentage of the thickness without ice.
Using available friction data, it has been found that the increase

may vary within the range of 20 to 80 per cent.

We consider a simplified model with a surface layer of thickness h
and density LI flowing with velocity Vl over a motionless bottom
layer of density PR The total depth cf both layers is H. Both H and
h will vary with the horizontal coordinate x due to friction. Slopes

S. and S, and shear stresses T and To at the surface and interface

1 2
will occur as shown in fig. 1.

L1
-
Pl c Pl-APl V1 Tl
—_— ] —_— . Pq
h l 2
/
H S,
P2 P2+AP2 0y
V2 =0
ig. 1
J x Fig
L— 777 7. = . e = -
Ax

1221



Assuming constant flow per unit width = g, and referring to fig. 1,
wvhere P and G are forces defined below, we find for the horizontal

equilibrium of elenents of length = Ax and width = 1:

Surface laver:

aV, G
AP =G"SZ+V,‘A—77 + (0, +2;) ax (1)
AR =9¢h (5+8)ax | G=g98h.ax )
AV = 2 B :z_ _ _? (/S;+5;)'A*
T h(SeSyax T h T h h-tiaanar | @)
AV, S +S,
ax SV TR /

Combining (1) and (2):

_ 2
gf,551= 0+ U ¢ (S*‘S’J (3)

S] =(Z,7“Zz,+l/,z_?, Sa)/(yflh_l{z?') (’4)

Bottom layer:
ah =G S; + G ax (5)

Pz
k= [g0(h-ax(S-5.)+ 99, axS, ~95h] (H-h)

—
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~

P7EhaxS, = 0ax (025, -9,(5+8,)) (H-h) + G S,

Combining (5) and (6):

S~ [S’+ 75, (Z;-/ﬂ)] ?ﬁf’, (1)

§, and 8, can be solved explicitely from (4) and (7). The expressions
are rather complicated, and we will only look at the simplified situ-

ation when SVl is so small that it can be neglected. In this case
§x
(4) reduces to

¢ . Lt
A
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and we obtain for 82:
//(Z/*Z;)—Af,
5’5(7?*/7)(}5'1@)

In the particular case when H>>h equation

L, ~Z=2 ?/
S Fheg) VPR

Introducing Darcy-Weissbach's friction coef

S, =

. £ 2 ¥ %) 2
mon expression 7 = Z ?V 7 ? (?/ )
equation for H»>h and &§V/8x =0

H bo
aH —(5+5,) = - K(52 )7
o x
f+fa) 25K
where K = f 1Sz 2 and h_ is
85 (‘f‘e‘f/)éo 0o
With h = ho for x = 0 and K invariant with
comes

VZ
bo (1 =YK /by) "

The surface friction fl
surface, but we will here consider the eff
cover and compare it with the situation £,

is present.

We consider a fiord or channel where the conditions for

= i.e.

with a downstream ice edge at x 0,

x-values, and assume that ho
(~x)>>h _, (12) reduces to

b o=h, (- 9/(x//ha)6@
or inserted for K

Fi fi * fe2 E
2? Yg

h is proportional to q°

For

b (-><) gt

large negative x-values.

If K' and h'
(1)

and

and independent on ho

represent the situation with f

(9)

(9) reduces further to

(10)

ficient f through the com-

gives the differential

(11)

a reference value.

x the solution to (11) be-
(12)

may be the result of wind forces on an open

ect of a continuous ice

0 when no wind or ice

(12)

ice covered for negative

apply,

is not influenced by the ice cover.

\
/

(13

(14)

for sufficiently

1 0 we obtain from (13)
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27"7 Ve 7 j'/tﬁ (-x) > b, (15)

Little is known about the values of fl and f,. According to experi-

ments by Larsen (1) and Sj&berg (2)'f‘2 = 0,055 - 0,01 may be assumed.
Measurements made by the author 1969-70 in Norwegian rivers (3) in-
dicate f, = 0,01 - 0,05. If these values are introduced in (1L4) we
find
L2 < —Z—, < 18 )
(16)

The analysis above neglects important factors as diffusion and den-
sity gradients occuring with a natural density stratification. lu-
merical values obtained from eq. (14) may therefore be only informa-
tive, but it is likely that the equation describes quite well the

relations between the variables involved.

Based on the scarce information available about interface and ice
friction it can be concluded that the formation of an ice cover may
increase the depth of a surface flow of fresh water in a deep fiord

by about 50 percent on the average.
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