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MET? (BL): O’Brien (?, 1997)
e The log-linear profile equations for the atmospheric boundary layer are
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(a) How would you determine U', z,, B, T,, T" from actual meteorological data? A
graphical technique is adequate. Assume that you can only measure v and 7 on a
mast. Determine H, the heat flux from

oT
Rl
where K,, = K,,. Note, k= 0.4 (von Karman’s constant).
F
(b) Since 1=pU™ and 1=K, %‘i Derive an expression for K,, which is consistent
—_— Z

T T

with (1). The answer should be a profile with height of K,, containing z and
constants for the particular situation. Hint: The answer does not contain v.



# Reynolds Stress {ensor o edtly visasiy

MET? : O’Brien (?)

e Define the Reynolds stress tensor. Show how it appears in equations of motion for a
turbulent fluid. Define what is meant by eddy viscosity. How does eddy viscosity appear
in the equations of motion for the atmosphere. What is the relationship, if any, between

eddy viscosity and the Reynolds stress tensor.
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% Barhropre dypantes (Shatow woler €3. —> Clomar Twvart fs <& poteviial vorvarly)

MET? (Barotropic Dynamics): O’Brien (1 hour, 1997) **

¢ Consider a restricted class of motions of a homogeneous inviscid fluid for which the
equations of motion are
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The symbols have the usual meaning. The fluid is bounded at the bottom by a rigid
surface and the top is a free surface.

(a) Show that if the fluid is bounded by rigid vertical walls that £ is invariant for this
system. What is £ physically?

il oy 1 o
E= .I[I[E(u +v )h+5gh i|dxdy
where R is the region bounded by the fixed lateral boundaries.
(b) Show that if  is the vertical component of relative vorticity that

+ .
g-*h—f— = constant along a trajectory.
What do we call this theorem?
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% aevodynamie Pormudaz < dmg owf. (Surbace -ﬁ\ues)

0CpSS5Si
MET? (Air-Sea): O’Brien (?)
¢ Question

(a) Define in fundamental quantities the fluxes of momentum, heat, and moisture in math
symbols and completely explain each symbol.
(b) Define the 3 fluxes in (a) as bulk aerodynamic formulae, i.e., with drag coefficients.
v (c) Draw a sketch of the wind profile in neutral, stable and unstable conditions in the
lowest 30 m over the sea. Label each of the 3 curves.
(d) Describe how drag coefficient vary stability and height.
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% bulk aerodynamic $ormula

0Cpsss|
MET? (Air-Sea): O’Brien (1 hour, 1995)

e Write down the bulk aerodynamic formula for estimating the wind stress, sensible heat
flux and evaporation from the ocean.

1. Define all variables.
v/ 2. What are typical values in MKS of all the variables and parameters in summer at

30°N?

a: Which variables can be determined from satellites? And with what accuracy‘7

And with what measurement techniques. [Note: all cannot!]
. b: These fluxes are defined using concepts from turbulence theory. Chose one of the
three fluxes and discuss the problems encountered using a direct (turbulence)

method.
gee the previays Queston O < next queston

Fu= G 300(T-W

Fo = ¥ 90
E Fo= LPGU(H%)



% bulk aerodynawtc Ramulas

OCpsssi
MET? (Air-Sea): O’Brien (30 minutes) *

, 1997

e The most widely used formulas to estimate the fluxes between the ocean and the

atmosphere are the bulk aerodynamic formulas which involve drag coefficients.
a) Write down formulas for the wind stress, sensible heat flux and the latent heat flux.

Identify all symbols.

\/ b) What is the order of magnitude of the drag coefficients and the fluxes for 20 knot
winds in mid-latitudes? Assume any reasonable value for the unknown terms. Please

use MKS units.

c) The drag coefficients depend on wind speed and atmospheric stability. Briefly explain

the functional dependence.
# Spe the previous €2y guesion .
Q)
Sfe shress.
To = "J’u W
1 unss of N
lhore, To = Swface Shrew

‘ﬁ,_ evssy aw ofofe.

W’WW_ " - B

03 - Space and/ov Yime mean 4o TESONE Mean flow characterisits
— (3hat-pp meesure

Sensible heat flx
Ho = £.Crwo’

Woheve, Ho, = SBe sensible heck Pl
(q, = Secific heet o onetest presne (I04 Y k)
8 = -8 Ew,.y.lmiy «Pluc‘bdrg pavl—oﬁ potestial 4elhr
Latert hect £l

ke 41t 10 = E - evaporetim rhe
= 2] wags
Q° & L % — tUh‘l; o H‘—J.
LW/M“ - [ nubiply Ly +, se&)
wheve, (D, = Later heok flux unidy of ry;

L = letent bact o v4poﬁichoh B taofer-( A 2.5X106 J/.g )
9= g-‘i s{u.&uloldy -Elududig ‘-,a.r} of Speaelc hm‘m\a‘y_

(

= Pluxes usty He drag cocffraent
inel Shresy
To= PDCm(mu—u!)
Lhee , B =axr deun} o sfo
Con = Olveg oefficievt fir momerurm fux
T = Mean Wind Speeel - |0m
Us = Speed of dle ai-see triorfece atdle ai-sea ndevface
Sevstlle heot Fhx
Ho = B CpCo(To=Us)(T-To)
: R mgpecific heck of an ot onsdent preore.

Co =iy coePPretowt R hect Flu
Tg = Sk demp of air-Sea Teviece .
Tio = heon femp ot 10m

Latent heet Pl
Qo 5o LCi( Un—Us) (%s “?In)

AR T e T FUA N

fdhe L= \de»d- heat b-e ’JGJG' veporigetion
( C;_dmga:eﬂ?. S mowstore Pux

-—U-u = %rhle»-ll/ ﬂudadru pmﬁP He wind ™ He X divechion .

Qs = Specibre humdity of He a-seq Terfece il 13 sahveled
K o B mermquu m& at lom

y)\/

(ve defme te &5% o 05 Hle rat of Sewsilie 4o letert heet

N\

b
(Typree] vdlues of Cm '\-( QXI

I axlio

Oy lavel B~ order

Hropice] ocsms_f ~order 0.1 —> folent bock = 2n orolon o rapritide grecter Hen
sewsible hect flux.

Suppose we ave e mid- Hg
Teke T ~lOoms  T-To~4K R~135 kKA
Ug ~0 Bs— %0 ~ 33/
use (y, =axl108; Co=Cy=laxieS
G -loo4.L L =2.5x16¢ Iy
Ten mrnelecoe-llcmn-l shere , senslle ook flx @nd latent Leck fl are ag
Pltows
pind sthrerg
T = £ G (o= ) > = (1. 25 K3 ) (2116 Clo W) 20.1 T,
n({%{'_: N &-';‘- =17q)
Sendtlle heot
Ho = & Gp Co (T ~th ) (T ~Tio)
= (125 5 ) (1004 ) €1 201073 Clowe) (4K)
= 0 Wy
Jadert Lect flux
=5 LC}(U'--—U: )(%g—f..)
=25 %) sxipéLyc2np™) Clong ) (2xiv®)

2 NG Wi
=> Boven vatio
p=2 ~0&

mid-lets. - - +ropres
| Repoet ik T =5m6 || Repok ot Ta=Sng, T2k, 237434
| T=o0lpa Fy ~ 15 W )_~ gro.2
- h=30 '9-";/»\4) G=0&| | o~ TS Whe
| Fo=3nsv/m

5 .



O
/ Lmd Spese] (assume hear newhel Cowciiions)

Cm G'”e""b’ , @3 4le timd Speed TheIRases So dloce e dig coeffreret
Thereate, Thie i e (uith wgode to the ory coefficrent $in mowerdum,
There 10 2 Shight (veyy Shgld) Jetclersy B

ang? Cm 1o moeore a5 tiing Speed decreases ot
Co / very low pyind Speeds Tis effeet 11 Morp
1xig pronounced for Co and Gy

S w2
Co anel Gy : In wrtract + O, e EVdmge coefiorerds R sentitle 3 latent
heat appéar 4o be Trelependent of Wi Speed for He voige of ~Emg
4o 2omA, Blove Dovg dloe T® Some Tidicdion dhef G& Theroeses

due fo Cyaporetion of sea Spray while Cq decreases due +o evaporaion
of dle sea Sprey .

|

Vuwlw unstelle coveltlRny Cp v G Leceme very |age

Herght dependlence

ele shoun

v G=k(nE)

mHe SR loyer Thus fre gy coeficients gonordly deceate as heght alove
e ofe moreases, Pk)srcly #his 1 reasondle as we would expect He of:

4o have a cleoemg trpack on de abspore A5 e move auey om He Sfa.
S‘-’aﬂhlr/b dependence

The reld?onxhp o He olrey cweliaevs ‘o skhl:b is very Complex .

In stmplistic dems, holstvey, as S'-lahllb mereeses Hove 1 2 olenlﬂ:‘

o2 Hurbulent metione S0 we expeck e oliey oefficrent 4o decvoate

ﬁ( o \_y‘;‘/”am

Shelle

A—



%org oot —> log-wmd poflle.
0CPpSS5I
MET? (Air-Sea): O’Brien (30 minutes) *

J

e Suppose a meteorologist is able to estimate the drag coefficient, C,,, at a height of 2 m

over the ocean during slightly unstable conditions. How would he adjust the values to the
standard height at 10 m? Hint: derive a formula based on log-linear law.
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