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§ 1. Introduction.

In 1915 G. I. TAYLOR obtained a formula
expressing the rate of the vertical transfer
of heat by turbulence. In obtaining this he
assumed that there is no resultant transfer
of mass across any horizontal plane. How-
ever when the heat is transferred vertically
and the vertical distribution of temperature
changes, the change of the vertical distri-
bution of pressure will be followed., This
means that the mass'is transferred vertically
and so TAYLOR's assumption is not correct.
We obtained an equation which expresses
the rate of the vertical transfer of heat and
the change of the temperature of the air
‘taking the transfer of mass into consideration
and compared this with results obtained by
observations.

§ 2. The Vertical Transfer of Heat and
the Change of Air Temperature.

Let us first obtain the rate of the vertical
flow of heat across any horizontal plane.
Let an eddy start from z, at time #,, hav-
ing the potential temperature € (zy,{,) ap-
propriate to that point, and let it reach
a level z, at time f, The absolute tempera-
ture of the eddy at its new level will be

y=1
(—f;) v x 0 (zp,6). At each stage the eddy
takes up the pressure of its surroundings,
and in mixing it shares with its surround-

ings its excess or defect of thermal energy.

The motion of the eddy across the hori-
zontal plane at z is therefore equivalent to a

flow of heat
" B
I = \_pcpw(F)T 6 Czptn), ceee--(1)
where w is the vertical component of the
turbulent velocity of the air and ¥ is the
summation over all eddies which reach the

new level in unit time. Provided 2z, —z
and {, — { are both small
8 (20,1p) =0 (z,1) + (20 — 2) ‘;f
and so
v=1
I= pg,(—ﬁ—D; ¥ {:9 (2, ) S w
+ B sw-o+ - swt - ).
e winbins o8

In the above equation p 3w is the flow of
mass across horizontal plane at level z and
will be written as

S = e O S
GpIw = — (= P)y e eereen (D)

where f, is the pressure at the ground. In
the second term if we put K= —w(z, — 2),
then K is the so-called eddy conductivity.
Again if we assume the distribution of #;, — ¢
as same for Dboth eddies from upper and
lower level than z, which will not be an
unreasonable assumption, then
Swly—t=bh— Zw,
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Thus

» _P_)"‘-’;‘{ 90 a1 9 }
1=—pca( L) THESL 40 55 B

_ OT 1), BT 2 ¢ p)

- — oo K( 2L T)+ 25 B
where I' is the dry adiabatic lapse rate of
the air temperature.

The net gain of heat in the layer between
2 and z -+ dz level is equal to the product of
pcy and the change of the temperalure in
the layer. Therefore the change of the air
temperature at z is given by '

BT _ 2 fg( 3L )

ot oz oz
RT* ©
7 ot e o) INRLERERRCY

When the total mass of the air undergoes no
change p, must be constant. Substituting

~§ [ %) o
[t
(6) we get

o o {w(2Trr)e g

the expression p = ppexp (

.............. (7
This is the cquation which gives for the
change of temperature by turbulence.
§ 3. Application of the Result to the
Atmosphere.
(1) The diurnal variation of temperature.
As an example of the application of the
above result to the atmosphere, let us find
the change of temperature with height in
the form of the curve of diurnal variation
of temperature for the case when A is con-
stant with height. As it is not easy to get
a general solution of the equation (7), we
shall make an approximate calculation as-

suming the second term of the right-hand

side of the equation to be smaller than
other terms.
From TAYLOR's equation

oT _ g oT

e H gy serasa A O e (8)
we have T = Be™, where c¢= Ka* and a
is generally a complex number. Introducing
this into the second term of the right-hand
side of (7) we have

2(r 5[ 4)-mat-amens
i

Putting this expression into (7) and solving
the equation

=0 Be (1—2¢7) g™+,

we have

=0 (1 -5 24—2-0v) et B+ P

.............. (9):
Let the temperature at the ground be
given by
T =T, + Asingt,
then To+Asingl = —2-Ce® + E,
from which
C=—-i>a c=ig E=T.
Thus we have
T=T,—-Bz
3 . a
g A?Jt[z eXp(-— BT(I_H) 2+ :qt}

(1.1 [4q
X ‘Ll-l- 2\/2[{(1+2)z

2 7 | q |
3 exp( "/EI" (1 H,Jz)]
=Tu—Bz4+ - 3— Ae"'”{sm(qz' — bz

bz

w
Ve sm(qt—bz—l— T)

+ %e““ sin (gl—2 bz)}-.

where /3 is the mean lapserate during the
period and N denotes the symbol to take the
real part of the following expression and
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b is a constant defined by b* = ¢/2K,
Euqation (10) will be written as
T= Tu'—,@z

+ %A\/G-’—i-ﬂz e~ Fein(gt—bz+a ) --(11)

where G =1+ bzz B —gﬁ e~ cos bz,
bz B
H= 5 3¢ sin bz,

and a = tan™! 2{,_

Then the amplitude of the diurnal variation
of temperature at any height z will be

g AV G+ H:=2A4..

Solving the equation (8) we have

T=1Ty—Bz+ Ae""sin (gt — bz), --(12)
so the amplitude by TAYLOR's expression
will be given by 2Ae *=2A.. TAYLOR com-
pared the above result with observations
made on the Eiffel Tower and evaluated the
mean value of K for the whole year as 10°
in C.G.5. units.

Now the diurnal variation of temperature
at the ground can be represented with rea-
sonable accuracy by a single sine-term of
period 24 hours. Thus g = 27 / (24 x60 x60)
=7.3x10~° and b =2x10"" for K =10°
Then at z = 500 m the diurnal variation falls
to 037 of the surface value and 0.05 at
1500 m. The ratio of the diurpal variation
deduced from (11) and (12) or A,/ A. is
of bz only. Values of A /A. were illustrated
in Fig. 1 with reference to bz, and were
tabulated below for a range of height below
2000 m assuming as K = 10°.

&
T

1 e I i
z ¥ + 3

i s

Fig. 1 Mlatio of Amplitades Referead to bz,

Am LT\:-' ? 0 500 1000 1503 2000 m
Obs. \ 30 11 07 05 02 o
Cal. 24| 30 L1 04 0I5 005U
Cal (24'5] 30 11 054 025 0129

z !o 200 500 1000 1500

A;s'.d, 1.0 0% 0.99 126 .66 2.12

Let us now compare these results with obser-
vations made at Lindenberg.

From the above table we can find that
TAYLOR's result holds only below 500 m from
the ground and the discrepancy increases
with height, which means that K must in-
crease with height in TAYLOR's expression.
On the contrary our result holds fairly good
up to higher levels even if K is assumed
to be constant. .

The lag in the occurrence of maximum tem-
perature from the ground to the height z is
bz in TAYLOR's expression and bz — & in our
expression. Therefore if we assume as K
=10°, the latter is more retarded up to
about 125 m from the ground and beyond this
level it is gained than the former.

However in practice the method to compare
our result with TAYLOR's one from the lag
in the time of maximum temperature between
any two levels is unreliable on account of
the difficulty in estimating the extent of the
lag.

{2 ) Change in the distribution of tempera-
ture within a current of air.

When a current of air, after being heated
during the passage over warm land, passes
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over a cold sea, heat is transferred vertically
downward. Suppose the air on reaching the
coast had a constant lapse-rate 3, its surface
temperature being T,. Let the surface tem-
perature of the sea be 7,. Then the solution
of equation (8) which was given by TAYLOR
will be written down as

T=T0HBz

INTKT
+ (T = T 1 ——fe—r ‘i

whereas the temperature from (7) is given
by

, ++(13)

T=To—Bz+ (T,—Tv)

x{1 "_\/2; ( f e L 2 iR’ >}
creeee(14)

TAYLOR has deduced values
of K of the order of 10° from the vertical

e s s

approXimately.

distribution of temperature above the Great
Banks of Newfoundland. He obtained this
value from the height at which the inver-
sion ceased, but it is impossible by this
method to decide which result is in closer
agreement with observations.

Reference.
(1)@ I Tavior; Phid. Trans. Roy. Sie. Al
215, 1 (1915).




