
Aflm 9684 3 7  ATIN PAE f Form Approved
AD-A 68 4 7rAiON AGEOBM No. 0704-0188

P. I hou Par response. includling the tlims lot reviewing instructin5. searching existing da~ta bources. gathering arW
IcIA EH IU Ematlon. Serdcomnwitats regarft nthi buden orany othter .SCIOthis coctionot novrniteon. kwch~dinsuggestions

frIrdornutlon Operation and Plepwts. 1215 jefferson Davis HIigway. Stile 120N. Allingto.n. VA 2224302. and to

1. Agency use Only (Leave blank). 12. Report Date. 3. Report Type and Dates Covered.
I October 1992 IFinal - Proceedings

4. Ti tie and Subtitle. 5. Funding Numbers.
Boundary-Layer Structure Near An Ice Edge As A Function of Wind Direction Contract

Program Element No. 06011 53N

6. Author(s). 
PoetN.10

John W. Glendening Task No. 380
Accession No. DN2'51 030
Wolk L"nINo 14422B

7.Performing Organization Name(s) and Address(es). 8. Performing Orgai 'tatlun
Naval Research Laboratory Repert Nctmber.
Marine Meteorology Division PR 92:101:441

9. Sponsoring/Monitoring Agency Name(s) and Address(es). . E.10. Sponsoring/Monitoring Agency
Nava Reearh LaoraoryReport Number.

Bai RsarhMaaeen ffc I 1s PR 92:101:441

11. Supplementary Notes.
Published in Tenth Symposium on Turbulence and Diffusion.

12at. DistributlonA'. -iilability Statement. 12b. Distribution Code.
Approved fo! to blic release; distribution is i -imiited.

13. Abstract (Maximum 200 words).
This paper examines the sensitivity of boundary-layer (BL) "frontal" features, created by difference, acrosfo an ice 'idrj arld

characterized by positive vertical velocity (w3), to variations in geostrophic wind "'4ection ((x), particularly for flow approximately
paraliel to the ice edge. Notable is the asymmetry introduced by Coriolislfriction-l forces.

Thermal and mechanical differences between ice and water surfaces at an ice edge create an adjustment region. This adjustment
region will be most "frontal" in character when the resulting gradients are largest, which is most probable when advection
perpendicular fn the ice edge is small. Thus a geostrophic wind nearly parallel to the ice edge gives much stronger surface
t~mperaftirr g r ..... ýns (Kantha and Mellor, 1989) and stronger jet maxima (Langlind et al., 1989) than when the geostrophic wind
r; perpendicul;,i 1-~ the ice edge.

v 8' 16 :0Q9 ________l, 1

14. Subject Terms. 15. Number of Pages.
Arctic leads, boundary layer, mesoscale 4 ______

16. Price Code.

17. Security Classifir-illon i8. Security Classification 19. Security Claaslftcatlon 20. LlImitatitn of Abstract.
of Report, of Thir Page. of Abstract.
Unclassified Unclassified Unclassified SAR

NSN 7540-01-280-550 Standard I orm 296 (Rev 2 89)
Proscr~tc by ANSI Sid. Z39-18
296-102



THIS DOCUMENT IS BEST

QUALITY AVAILABLE. THE COPY

FURNISHED TO DTIC CONTAINED

A SIGNIFICANT NUMBER OF

PAGES WHICH DO NOT

REPRODUCE LEGIBLY.



Preprints

TENTH SYMPOSIUM
ON

TURBULENCE AND DIFFUSION

29 Sept-2 Oct 1992 Portland, Oregon

AMERICAN METEOROLOGICAL SOCIETY



Accetion For

NTIS CRA&IDTIC 
TAB

Unannounced
Justification

BOUNDARY-LAYER STRUCTURE NEAR AN ICE EDGE By
AS A FUNCTION OF WIND DIRECTION Distribution/

Availability CodcsJohn W. Glendening - Avail and I or
Dist Special

Naval Research Laboratory Monterey
Monterey, California 0lj

DTIC QUALITY INSPECTED 3

1. INTRODUCTION vice on the right" the frictionally induced flow isoff-ice. Thus a geostrophic wind with 'ice on the
right" requires a larger on-ice component to cancelThis paper examines the sensitivity of the combined effects of thermal and frictional

boundary-layer (BL) "frontal" features, created by advection than would a geostrophic wind with 'ice
differences across an ice edge and characterized by on the left'. Similar arguments apply to an on-shore
positive vertical velocity (w), to variations in onthezeft. aue n 1962)h
geostrophic wind direction (cx), particularly for flow sea breeze (Estoque, 1962).
approximately parallel to the ice edge. Notable is
the asymmetry introduced by Coriolis/frictional
forces. SIMULATION PARAMETERS

Thermal and mechanical differences betweenicermal and watermsace tanicel dgfere aetween For an idealized linear ice-edge, the geostrophicice and water surfaces at an ice edge create an w n n l s r ttd o e 6 *r n e sn
adjustment region. This adjustment region will be wind angle a is rotated over a 360" range, using
most "frontal" in character when the resulting an orientation with ice on the "west' and water on
gradients are largest, which is most probable when the east' whe x directn rpesents a wind from the
advection perpendicular to the iý.e edge is small. 'north'. The x direction is perpendicular to the ice
Thus a geostrophic wind nearly parallel to the ice edge at x=0 and increases to the 'east'.
edge gives much stronger surface temperature Modeling parameters are idealized to simplify
gradients (Kantha and Mellor, 1989) and stronger interPretation of the results. The simulations assume
jet maxima (Langland et al., 1989) than when the the ice and water to have respective surface
geostrophic wind is perpendicular to the ice edge. temperatures of -6°C and -20 C with surface

Neglecting friction, "frontal" features would be roughnesses of 1cm and 0.005cm. The surrounding
stronger for a geostrophic wind with an on-ice large-scaleatmosphere straidfication is O/z=6Kikm
component than for one exactly parallel to an ice and the geostrophic wind is r m/s. (In this paper
edge since on-ice advection from the geostrophic 'geostrophic wind' will refer only to the large-scale
wind counters off-ice advection produced by the forcing, not to pressure gradients created by the
thermally induced surface flow. If the on-ice model.) A latitude of 79°N is assumed.geostrophic component is too large, however, Beginning from the specified large-scale
geostrophic advection would disrupt the thermally conditions, the simulation spin-ups to ainduced circulation and weaken gradients. Clearly quasi-equilibrium after a simulated 20 hours. Theindued irclaton nd eake grdiets.Clerly model employed is a two-dimensional hydrostatic
there would be an optimal geostrophic wind angle model employis a two-di ensinalihdrosatiwhich produces the strongest gradients. mesoscale model employing a turbulent kinetic energy

But in addition, Coriolis forces couple the two budget for BL parameterization, as described incomponents of horizontal momentum and create, with Skupniewicz et al., 1991. It employs finite-elements,surface friction, an asymmetry in the optimal allowing a stretched grid; the grid spacing variesgeostrophic angle between flows with ice on the 'left' with the geostrophic wind direction, having a typical
and on the "right". For an ice-parallel geostrophic domain of 260km horizontally and 2200m vertically
wind with "ice on the left" (when looking downwind), with minimum horizontal resolution of 2km at the
frictional forces create an on-ice component to the ice edge. A horizontal diffusivity coefficient of

wind, whereas for a parallel geostrophic wind with 500m2 /s is employed.
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complex than those for the "ice on the left". With
the "ice on the right", as the on-ice angle of the

geostrophic wind increases from 00 the upwind
3. SENSITIVITY OF VERTICAL VELOCITY propagating transient---created as the model adjusts

MAXIMUM towards equilibrium- decreases in speed and

becomes increasingly front-like. When the wind
angle reaches 300, the geostrophic "headwind',

Fig. 1 depicts the maximum upward velocity becomes large enough to check that feature near the
-which ocurs within the BL-- and its location over ice edge: it then becomes the stationary w maximum.
a 360s range in geostrophic wind direction. The The dashed line in Fig. 1 represents this mode
strong influence of geostrophic advection when the tranition.

geostrophic wind is perpendicular to the ice-edge transition.

is evident, giving a relative minimum in maximum (a)
vertical velocity for a near 900 and 2700. This
advection also produces relatively weak thermal
gradients near the surface.

Si i .... ....... ... .. ......Mg, ,d (s . .. ,I ..

...........

C *8. ...ICC

....................

Fig 1: Min s) and position
(dotted, in Ion) of domain maximum of vertical
velocity as afuncton of geostrophic wind angle a.

The sensitivity to geostrophic wind direction is *

notable for flow nearly parallel to the ice with "ice ,
on the left": the maximum vertical velocity is largest . 1.

at a = 175 and is halved by a shift of 50. (Note that Fig. 2: Vertical velocity (in cmls)for: (a) (x=180
the wind direction was incremented by 5P, so a and(b)a=-175 Thick solid line indicaes BL depth,
somewhat higher maximum w might lie to one side as diagnosed from n rbdence kine&c energy equation.
of that for 1758.)

Fig. 2 depicts w contours for or of 1808 and
175*. The additional on-ice geostrophic advection Distinction between the desired stationary solution
for 1750 (Fig.2b) forces the maximum w closer the and the slowly propagating transient is validated both
ice edge, increases its magnitude, steepens the BL by extending the simulation time and by transient
slope over water, and increases the temperature propagation analysis (which indicated that the

gradient at the ice edge (not shown). transient feels an effective "headwind" which is 1/4
Now examining the w maximum with "ice on of the actual opposing geostrophic component).

the right", for which frictional turning decreases the Strictly speaking this transient is a numerical result,
geostrophic wind advection, the asymmetry is a response to an initial model imbalance, but its
dramatic. This case requires a 25* larger on-ice existence suggests the physical effect that changes
angle and its w maximum is 40% larger than that in wind direction for on-ice flow with "ice on the
with "ice on the left". The sensitivity to wind right" may create propagating disturbances in the
direction is similar for both cases. BL. For example, decreasing the on-ice angle from

The "ice on the right" case requires elaboration, 400 to 100 would allow the w maximum feature to

since the conditions which produce it are more propagate off-ice into the marine BL.
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The asymmetry of the response is approximately Fig. 4, for the horizontal y component (v),

150, i.e. the on-ice angles of maximum w are shifted illustrates the simultaneous shift in the positions of

150 clockwise from being symmetric. This angle the jets created parallel to the ice-edge, one jet over

may be compared to the frictional shifts produced the ice above the BL and another over the water

in a horizontally homogeneous BL over the specified within the BL. Increasing the on-ice component of

ice and water surfaces: for a one-dimensional geostrophicadvection moves bothjets 'downwind".

simulation, the BL-averaged velocity backs 18 * from The distance between these jet positions depends

geostrophic over the ice surface and 40 over the principally upon, and can be predicted from, the

ocean surface. large-scale stratification and BL depth over the ocean
(Glendening, 1992).

Increasing the geostrophic headwind component
beyond that of Fig. 3 and Fig. 4 destroys both the

region of positive u velocity and the ice-edge-parallel4. SENSITIVITY OF HORIZONTAL VELOCITY jets.

AND STRESS COMPONENTS

The sensitivity of the horizontal velocity field to
small changes in wind direction for flow nearly (a) ............... ......
parallel to the ice edge is presented in Fig. 3 and
Fig. 4. Fig. 3, for the horizontal x component (u), ...................... ..............
illustrates how increasing the geostrophic "headwind" . "
component, by rotating the geostrophic angle from ........

1800 (Fig.3a) to 1750 (Fig.3b), greatly reduces the "
region of positive u velocity near the surface. Note
that the structure of the positive u velocity in Fig.
3a closely resembles the "head" feature observed S~~~~~~~..... ".......... ...... i"
in sea-breeze fronts.

(a) -------

.... ............ . .. " ..

.for: (a) .. 1800 and (b). .75" .

The above velocity sensitivities are reflected in
the surface stress variations of Fig. 5. Note that

the dramatic change in the stress curl ar,/ax
-including a sign change- over the water in Fig.

Fig. 3: Horizontal x velocity component (in ms) 5a is absent in Fig. 5b, suggesting significantly
for: (a) at=J800 and (b) cr=17S0 . different ocean responses for the 50 wind shift.
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"The above discussion assumes a Northern
f(0) Hemisphere rotation. In the Southern Hemisphere,

reversal of the terms "right" and "left" when
describing the relationship between the ice edge and
geostrophic wind direction is required.

J. " ° ................

".. ........................... ""......... .................. ý2 01_ 4 ý

MAX

(b)

ICE WATER

"T,= -6-C T.= -2-C
* z.- 1cm Z=.005cm

.As . ........... . ' ". . . . . . . . . . . . . . . . . . . . . . . . . . .

--. s
- ( ,,4 3

Fig. 5: Horizontal stress components (r. dotted, Fig. 6: Swnmary diagram for response as afinction
ry solid, inm 2/s2) for: (a)a=IlO*and(b) =175*. of geostrophic wind direction. Arrow length

represents relative magnitude of maximum upward
velocity.
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