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Heat Transfer from the S-utfa.ce of tbe,fv'So:l-id:
Body in the Turbulent Air Stream

By

Teruko SOEYA

(Received March 2, F947)%

The problem of coolitig. was’ experimer;té.l‘ly‘ investigated. The data was analysed from
the point-of view of the statistical theory of ‘turbulente, and a simple relation: between the
__ heat transfer coefficient and the statistical factors of turbulence was obtained.

I Introduction..

‘ Experimental investigations of the cooling of a sohd body in
the turbulent air stream have been carried out by many authors
‘The dependence of the heat transfer coefﬁment upon the velomty
‘of the main stream, the geometrlcal form and the surface condition
of the cooled body was merely 1nvest1gated and a quantitative re-
Tation between ‘the heat transfer coefficient and the state of turbu-
lent flow was little treated. Accordlng to the result of my pre-
liminary experiment, however, the quantitative relation between
the heat transfer coefficient and the state of turbulent flow must
be indispensable for manifesting the problem of coolitig in  the
. turbulent air stream. There are some factors which characterize
the turbulent field, and the factors have certain contributions to the
heat transfer coefficient. In order to know the mechanism of cooling
“from the surface of a solid body in the turbulent air stream, it is
necessary to grasp a clear conception of the state of turbulent field
and to describe it quantitatively from that point of view.
Assuming that the turbulent field is composed from 'eddies,
Taylor® succeeded in 1915 in determining a statistical deseription of

* Presented at the annual Tokyd meeting of The Physical Society of japar_x, May, 1946.
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the turbulent field by in‘troducing‘the following quantities, i.e. the
scale of turbulence ‘and the average size of the smallest eddies
which are ifesponsible for the energy dissipation by viscosity, and he
obtained some interesting result about the decﬁy of turbulence.
Thereafter a more generalized theory of turbulence was- published
by Karman and Howarth*. These two theories are almost identical
in principle. By Xarman and Howarth,*? thé;scale of turbulence grows
slowly as the observing point moves towards the down stream, while
Taylor assumed that the scale of turbulence is some definite fraction
of a mesh length of square mesh grid to which the turbulence in
the air stream is due. Whether this assumption is appropriate or
not, and to what extent it must be modified, must be judged from
thé' experimental resiults. However, a linear law with respect to the
decay of turbulence which is derived as a result of Taylor’s assump-
tion, proves to agree satisfactorily with experiments. Accordingly
Taylor’s theory may be thought to be true in the first approxim-
ation. The experiments lrefe'red to ‘Taylo'r’s theory have been
sufficiently performed, hence in our caQse»i the‘numerical values of the '
statistical factors .of turbulence are éasily available. Consequently
by uSing of Taylor’s fheory: the analysis of our exper‘iymbental results
‘was carried out and the relations between the ];ieét transfer coe-
flicient and the statistical factors of turbulenge were sought.

1L Heat Tran_sfer from the Surface of a Cylinder
whose Axis is Perpendicular to the Direction
‘of the Main Stream. ‘

‘. A. " Case of a¢/M = 0.33. -
(1) MgrHOD Of‘EXPEI‘{‘IME‘}NT.W

A brass cylinder was arranged in a wind tunnel of Effel type

- *-Although Karmén and Howarth’s theory: is more generalized, the derived formila represent-
ing the statistical factors of turbulence contains some constants which have to be determined
by experiment. The experimental determinations of these constants have not yét been
accomplished. As these numerical values of the constants are necessary for the application
of Kérmén and Howarth’s theory, no attempt was made to use it.
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o as to make its 7axis horizontal and perpendicular to the direction -
of the main stream. The diameters of the cylinders D were 3.8,
1.9 and 0.95 em. The cylindérawa’s electrically heated by inserting
heating coils into the inner.part. A very slender thermojunction
(Cu- constantan, B.S.-40) was soldered ‘at the middle point of the
axial length of the cylinder and the temperature distribution of the
upper half part of the cylinder was measured by rotating the
cyl'inéler: every 20 degrees of angl'e. In this case the temperature
-distributions. of the upper and lower parts of the cylinder were
nearly symmetrical so that the small difference of the temperature
between the both parts was neglected. Temper‘atﬁré of air at a
point - sufficiently separated from “the surface of the cyhnder was
measured -by another thermOJunctlon ‘
For simplicity we use the following notations :

&

. - the heat transfer coefficient of the cylinder,

.t the surface temperature of the cylinder (in °C),

,: the temperature of air (in "C),

the amount of heat supplied per unit area of the surface
of the cooled body in unit time (in Cal), k :
@,-6)™ the mean value of (6,-6,) measured at each 20° of the
_circumference of the cylinder, '

¢ the heating current (in amp),.
the electrical resistance of the heating coil (m ohm),
the outer diameter of the cylinder (in cm),
: the length of the cylinder (in cm).
In a completely stationary state Q is given by the following relation
| = o (0,—00).
On the other ‘hand, when ¢ is kept constant Q is glven by
Q = 0.236 Rr/(nDL) '
Therefore =, will be calculated by the formula

0236 B> - 1 Ca
nDL (0 00)1:: : cm?, sec, °C

t‘*b'?d‘*‘“

7,

(1)

m— ——

‘Where the quantities in the right hand‘ side are all obtainable froin
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: experlment .

As shown in: Flg 1, the square mesh grids made from the thick
paper 83 mm in thickness were arranged so as to change the distance
s = from the center of the cylinder. By

|
ey C) changing @, the state of the turbulent field
SRR (i.e. the values of the statistical factors of

4 turbulence) surrounding the cylinder is

10 ot

2 '-J.g[j [ altered. For various values of «, the tem-

TR e

] E Oor perature distributions of the surface of

R Ea e e / the cylinder ‘were measured. The values
Fig. 1° Adrrangement of ap- . “of the ratio d/M was 0.33 and the values
. paratus and square-
. mesh grid, .of M were 3.8, 3.0, 2.4, 2.1 and 1.5.cm.

d : Dbreadth of thlck paper (in.cm)

M : mesh lengthof square mesh as shown in Fig. 1. (inem)”

The decay of turbulence produced by the square mesh grids
having different M, but in geometrical similarity, must all obey the
~same law. In the case of d/M = 0.33, the law about the decay of
the intensity of turbulence w//U has been represented by the fol-
lowing formula by Simmons and Salter’s experiment® :

Up' =—0.7+1.322/M, R (2) ’
then WM = 1.95 (v/Mu’)®, - (3)
~where U . velocity of main stream (in em/see),

u': component of turbulent velocity,
A : average size of the smallest eddies,
v :  kinematic viscosity. " o
- As the numerical values of w/ /U and A/M for a arbitrarily gi\fen
xz are easily calculated by the above formulae, we can analyse the
problem of cooling in-the turbulent air stream from the standpoint
. of statistical theory of turbulence and connect the heat transfer
. coefficient with the statlstlcal factors of turbulence.

(ii) EXPERIMENTAH RESULTS AND DISCUSSION.

(1) Relation between a,, and x.
- In Fig. 2 «, is plotted against # for various values of M, Each
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curve of v, takes ifs minimum- value at
@ = 55 c¢m, which is almost 1ndependent of -

M, D and U.

(2 ) Relation between o, and u'[U.

For the given value of U, «,, depends
upon ‘the state of turbulent flow, which
varies with @. Accordingly, in order ‘to
find the effect of the state of the turbu-
lence on thecooling, the relation between
" ‘v, and the factors of turbulence at va-

r1ous observing points must be 1nvest1gated

Am
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| Fig. 8 Mean heat transfer

coeffictent oo as func-
. tion of x.

At first w//U is easﬂy estlmated from the formula (2) for a given

" ooo1ypm o .
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Fw 8 Mean heat transfer weﬁczmt am
as function of intensity of turbu-
lence o/ [U,

Fig. 4 Relation between mesh length
I and intensity of turbulence

which corvesponds to the mi-
nimum potnts of curves in
Fig. 3, (W [OY*.

z. In Fig. 3 «,, is plotted against »//U for various values of M. Each
curve of o, takes its minimum value at a certain value of /U,

Le. (W/U)*
by the followmg formula ;
(W/U)* = 0,0165 M — 0.0074.

Its dependence upon M is shown in Flg 4 and expressed

(4)

In the region (w/U)<(u//U)*, @, decreases rapidly with increases of
u’)U, although the intensity of turbulence must have a great positive
influence on the heat transfer. In the regwn’ W) > W), n
increases with »//U. From this fact, it may be suggested that there
will be some other faetors which get on the phemmenoh of cooling
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so as to cancel the effect. of the intensity of turbulence. . In the

region where the intensity of turbulence is'ljather‘ weak, the effect

of thesé factors on the cooling will become gonspicuous by overcoming
the effect of the intensity of the turbulence.

(8) Relation betweem o, and M.

if o, is assumed to be hnearly proportlonal to u’/U the ratio

0,/ (' 1U) becomes independent of «/U. When «,/(u//U) is plotted

~ against /M for various values

a; H’Lm o f:;; ,, of M. o, /(w//U)increases with /M, -
RN s etoen e - as can be seen from Fig. 5, and
a: ¥+ the relation between «,/(w/U)
205 S Mebsem and /M is shown by the straight
::j . EEE llnes with inflection at (V/M);.
a0z} _ The proportional coefficient in-
iy G5 ﬁ A . creases suddenly at (¥M),. De-
o5 a0k ofo pre ‘ a0 noting the points where the
Fig. & Relation' between am (s |U) and WM -axis is cut by the straight -

A M for varz'ou: values of M, ]
N linés in the region MM < (A M)

by a, the eorrespondmg pomts in the region ¥M>{(4M) by o, and
denoting the proportional eoefﬁmgnt or the slope of the two groups

A
doel "
o B
005
y
o4 o(\/
o
003 oo
aoap )
. o el A
S M
° P N WO S NN J o e
nas ‘a2 a3 04’05 s av : o 0 ey ar c3 o4 asas ar
Fig: 6. Ordinate (a) represents the . - TFig. T Ordinate (&) represents the
values . of MM where MM ) - wvalues of MM where M
-axis s cut by straight lines C o -gxi$ s cut by the straight
whick lie in the region-smaller. i lines which le in’ the region
than the ug/fettzm points in o larger than the inflection po-
Fig. 5 P ) ints tn Fig. 5.

3

of stralght hnes by c and 4 respectlvely, the followmg formulae can
be obtained from Fig.5. . ~
o0l @JU).= ¢ M —a), ¢ = 050 for JM< M), (5)
0 lWIU) = ¢ (YM—a'), ¢ = 077 for AM>(HM). (&)
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From Figs. 6 and 7 the relation between M and or o is respectively

Y= 0.0Q/M,’" S
= 0.14/M.

(6'

Therefore ‘the mean heat transfer coefﬁment 1s represented by the

formulae :

. am=0550 WU (1/M) (A—0.09) ~ for ‘Z/M‘<‘(Z/M‘)I, (7)
o= 0.77 (w/JU ) (1/M) (A—0.14) - for /1/114>‘(/z/1v_r)I Sy
The above experlmental result is obtamed in the case of D ='3.8

em and U= 690 cm/see.

‘Even if D is changed, the above relations (7) and (7) B‘etv(fée'n
¢, and the statistical factors of turbulence ‘are formally invariant,
and ¢-and ¢ aloné increase as D decreases as shown in Figs: 8 and
9. Moreover even if U is varied, the formulae (7) and (7’) hold its

Ml='2:lm, T
U= é'9om/"uc_f i

'/I’ V :
0043/ //a./o(,ly oM N
s S

[ 095 ato : 005

Fig. 8 Relation betweers &,,./(u//c;) and

MM for warious values of D.
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-Fig. 9 - Proportional cocfficients ¢ and ¢
as functions of diameter af tylm .
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Fig. 10 Relation between aynf(u!|U) ana.
XM for various values of U.
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» Fig. 11 - Proportional coefficients:c aml e

. as functions of square of welocity
“of wain xtreézm U.
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form unchanged and in this case ¢ and ¢’ increase linearly with the
square of U as can be seen from Figs. 10 and 11. In the case of
D =19ecm, the relation between U® and ¢ or ¢ is shown in Fig. 11
and expressed by ‘ : ‘

¢ = 0.6 + 0.0085 x 10U 68)

¢ = 0.23 + 0.013 x 10-'U°. , o - (8)
However, ag can be seen from Fig. 11, when U reduces to about 400
cm/sec the value of ¢’ deviates from the above relation.

Thus the mean heat transfer coefficient can be represented. by
the followmg formula ; Ce

tm=C @) (UMY G—R). (9)

-~ In the formula ¢ and & increase their values at (A/M), and ¢
depends upen the geometrical form of the cooled body and the
velocity of main stream, while % is independent of them. Conse-
quently it ecan be manifested that the mean heat transfer coefficient
is represented by the product of two quantities, the one (u//U) (1/M)
(1—k) depending only on the state of turbulence and the other ¢
depending on the condition of the main stream. .

B,» Cas‘e of d/M =02.

The measurements of the heat transfer coefficient were carried
out under the following condition, namely D =19 cm, U = 900
cm/sec and d/M = 0.2, Dryden’s®> measurements have been done in
the case of d/M = 0.2. According to his results, the decay of turbu—
lence obeys the following formula:

U = 8.8 + 1.072 /M, - (10)
Hence  A/M = 2.16 (s/Muw')'". (11)

By computing the numerical.values of «//U and /M from the
ft)rmulae,‘ the relation between »,/(w/U) and XM was obtained. As
can be seen from Fig. 12, in the case of d/M = 0.2, the relation be-
 tween o,/(w//U) and YM is represented by the straight lines which
have no inflection as former ¢ase and is expressed by the formula :

' g, =1.30(w/U) (/M) 2—0.14). 12
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-The value of the proportional coefficient ¢! (=1.30) in this formula
agrees with the value, .which was obtained in-the case of D =-1,9
em, it =«-900xem/sec and .d/M =:0.33.. .- Moreover the constant %" has
the value- 0. 14,  which is the same value in. the:case of d/M =+0.33
(Fig. 18).

A ol ‘
Ao .
0,00, 1 =, 80020,
we TR
0.0¢ | P -
%=Ql SRNNT :
ao¥ | LTI o
D=19¢em
TR W 9aocm/de‘ -
aoé |- L Boose -
Qo3 4
hoasy Sy te . p e i.qq.
a0s | ®. M=hrem 'm

[0} (‘1:3‘_5(7"‘

eoz}- i ! B
0o/ |- b T e s g
) Pad :
° - T = WY Q0070 VRS N, GO TR TR U SRPUOT SRS S A .3
o a0y ulo'-}‘ 9; © e 20 Jo M 50 Ao 7o g0 90 100 mo soce
_If‘ig 12 Relatm;z bezweeu am/(u’ /U) - Fig. 14 ]\elatwn betwem am and g /m .

and WM for varions vilues

- varions values af M ema’ a'/M o
of M, dIM=02. Dt e s

Fig. 13 - Fig., 15 erlzmm between zl/M zmd

Ordinate {@). represents the

values of MM where M
- -axis 5 cut by the straight . ¢
lz'ms z'n Fzg 12,

Y dohich correspmds w0 the
< IIIBIRUIGY POThts - 0f - Curdes
m ﬁzg 14, Tonie-

Thus it can be concluded that ‘the: relatlons between the ‘mean
heat transfer-coefficient-and the statistical: factors-of: turbulence in
the ‘two:cases where-d/}M=0.2 and 4/M=0.33 are expressed : by -the
same formula (9) at least in the:region past: the infleection: point.
Thus the.formula(9):seems: to: hold iri:the: various turbulent fields
produced by ithe square mesh grid: having fv;'a;ridu_s values ‘of d/M.
a, inthe-four-cases d/M=0.2, 0.25, 0.38, and 0.40- were plotted against
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# in Fig. 14. - As shown in’this figure ‘o, takes its'minimum value
in each case at a certain value of «,1.e. wyy,, Which corresponds neairly
to the inflection point of ‘the straight line representiﬁg‘ the relation
between a,/(u//U)yand YM. The valte of %, is'a function of d/M .
and decreases with increasing d/M, as shown in Fig. 15. Moreover
the gradient of curve in the region of  smaller than z,4 decreases.
with the value of d/M and in the case of d/M 0.2, the ex1stence of
a minimum pomt becomes uncertam

III. Heat Transfer from the Surface of a’
Thick Cylinder whose Axis is Parallel
to vthe Direction of Main Stream. :

(i) Mersop oF EXPERIMENT.

The uppermost generating line of the cylinder‘ was laid parallel
to the direction of the main stream When the dlameter of the
cyhnder is sufﬁmently large,
it may be looked upon as a.
flat plate which is arranged
to lay along the main stream.
In oder to av01d the d1s-‘
turbance of the stream byc-'
the edges, the wood . pieces

having the streamhne profil
were attached to the both = L Pl
ends of the cyhnder as seen from Prate I '

The thermOJunctlons were soldered at five pomts along the
uppermost generating: line of the:eylinder  which laid horizontally.
In this measurement the temperature difference between the posi-
tions of ‘various angles was ‘heglected and ‘the temperature change
along the -axis only’ was considered: PR FE s S T 3

- The distances between ‘the front edge and each measuring point
l'are 14.6, 21.8, 29;'36:1 'and-43.3 em respectively. " The values:of
M are 5,74.5,-3.5-and''2,5ler, .and the’ value of d/M equals 0.2.
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The. local heat transfer coefficient »; is: given b& the following:

Jformula

/ _0236 R%g ii:"]_ : e "11 L Cai o | : | P |
where S is the surface area of the cylinder in em® Durlng thls run,

i

' was 740 cm/sec.

(i) ExerrivenTar, RESsonTs AND ‘,DISCUSSION.A
0)) Relatwn betweew a, and 1.

In the case of M = 4. 5cm, the curves of «, vers | namely the
distribution of #, along the up‘permost generatmg line of the cylinder,
are shown in Fig. 16 for various values of z, the dlstance between
grid and the. front edge of the cylinder. As. seen from this ﬁgure
a; decreases with increasing [ ‘

(2) . Relation between o, and. z + ..
In Fig. 17 «, is plotted against « +/, the distance of each measur-
_1ng pomt from the grld for’ Varlous values of 1. “When I is com-
para’mvely small there ex1sts a certam reglon on eaeh eurve where

oouznro((, @ ’
[SEV3 ’ B
5 om o

0o0t5 |- N 2 7400m /g Med5om

LL=2P40 b1 faie

QU0 |-

L Perbbom,

; . N 000yt |- ) - "
o Xebtewm - ; ) .
SR Syt . 5 2:24%em
X X o ey g
a xsgew R - 7 ‘—‘_//12276’-L

o.06t0 |-

00005~ @ x=Jlem . adoso - :
9 s £330
. © w2 { ‘__"&_,_-*—“’/2’44;],".
p ¥ Xz siem ° - - ’ ) -
. . Vi (x+2)
o ' ! ( . y cooos b 1 | ' Lot LT I ' : 5
° 0 20 3o 40 Foem. 2030 40 30 g0 0 S0 95., 400 1o jz0com
Tig. 16 Local heat transfer coéfficient ay as Tig. 17 - Local heat transfer coefficierst
fumt/oﬂ of L. ay as function of w1

a; rapldly increases- W1th x+l, Asl 1ncreases, that region is shlfted
into the larger = +1 and the rate of increase of ¢; in this region
decreases, .. When [ becomes ahout 43,3 cm, the region almost di-

Sappears,. | ‘

.
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L(8) Relation:bet@een-a, awd: the- statistical factors of iu'rbulencé.

For each measuring point (the dlstance from the grld.—m+l)
the statistical factors of turbulence (i.e. /U and AM) were computed

Fig. 18 Relation between ay {}(/{U) and
MM for warious values of M
wher 115 fixed. .

and a,/(w//U) was plotted against 2/M, for various values of / and
M m Flgs 18 and 19.

As shown in these ﬁgures, the relatlon between al/(u’/(]') and
M is represented by the straxght hnes and the slope of these lines
is a function of I and if [ is ﬁxed the slope is quite 1ndependent of M.

on S'E

: _a" \/

oof - (\@‘ ‘h
L AN

0,04 (;,//“-

o2 k-
3 L

a 1 1 Moy S *
— 7
" a) a2 a3 o4
Fig. 20 Ordinate (&) represents the.

‘:“g,’o'é . oof . oo @z “ouk.  cib

values of X/M 7&&57‘& AM
-axis is cut by the straight

I‘xg 19  Relation betwem az) (W' |U) and MM
: lines in Fig.-28. ..~

. forvarious vikies. of - I-wheis M s

-ﬁx'f"d's T : o : : .
Denoting the points where the #/}M-axis is cut by these straight
lines in Fig. 18 by o, o’ is plotted against M in Fig. 20. The relation
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between o’ and M is independent of L. Moreox“rersdennting the pro-
portional coefficient of «, [(uw//U) for /M by ¢/, each straight line in
Fig. 18 is represented by the following formula:

oW/ |U) = c’()/M—a) - | (14) -
From ‘Fig. 20, _ . | . :
o =0172M. 15) -~
Herice . R T

= ¢ (/U (1M) 1~0.172), . ae)

where ¢ is a functlon of . »
¢’ is plotted against I'in Fig 21. As can be seen from the figure,

£

20 Jo -, . %o FEAN

. Fig. 81 Froportional coefficient ¢ as Fig. 22 Proportional coefficient ¢ as
' Function of 1. . function of loguRy.

the influence of the state of turbulence on 7, becomes smal,ler.‘with
increases of L -

.From this fact it may be cons1dered that in the cooling by forced '
convectlon, the heat transfer coefficient is controlled by the state
- of flow in the boundary layer, while the state of flow is controlled
- by not only the state of turbulence contalned in: the maln stream,
but also the hlstory of the flow along' the sohd Wall

. In the case of flat plate or the flow along the axis of the cylinder,
the mﬂuence of the hlstory of the flow along the wall on the heat
transfer coeﬁ‘iclent becomes ‘more important than the case of the
flow perpendicular to the axis. In the other word the influence of
the history increases with I and predominates over the effect of
turbulence. in the mam stream o
.. The relatlon between ¢’ and long, is. shown in Flg 22 or TABI E I
and is expressed by the followmg formula

¢ = 897156 log B, - | amn
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where :R; is, Reynolds number with: regard to' .. Accordingly: a ‘can
‘be-expressed:.as follows: ‘ o i
(8 97 — 1.56 log,; B,) (W/U) (l/M) (2—0.172). ~ (18)"
That is to say, the relation between the heat transfer coefficient
and the statistical factors of turbulence is represented by the
formula of the same type (9) no matter whether the axis of the
cylinder may be parallel or perpendicular to the direction of main
stream. '

Tasre 1. Proportional coeﬁicééht cmd Reynolds number.,

|

Z (cm) o R; Ul/u . logio Ry | ¢
14.6 7.2410% - 4857 1.35
21.8 10.7+104 5.081 110
29.0 "14.34104 5.155 084 -
361 | 1784104 5250 | T 07s
433 21.34104 5.329 .0.72

IV. Conclusion,

“In ‘the study on the'relation between ‘the heat transfer coe-
fficient and the statistical factors of turbulence, it is ‘manifested
that the heat’ transfer coefﬁc1ent 1s represented by the followmg
SImple formula 9): e I

: ~ ' " a—c(u’/U) (1/M) A=k .

““Thus the heat’ transfer “Coefficient " can’ be~ represented by the

product of two quantltles, the one is (u’/U) (1/M) (A— k) which depends
Upon the state of turbulence alone’ and ‘the other is'c which depends
upon ‘the ‘state ‘of ‘main’stream alone “The above descrlbed formula
holds no‘ matter whether the ‘axis of the cyhnder may’ be arranged
§0 as to be perpendlcular or parallel to the direction of main streai.
The physiéal nieaning of c howeVer, ‘differs shghtly from each other
namely in the former case ¢ is a funétion of the*diameter ‘of ‘the
;cyhnder and the velomty ‘of main stream, ‘Wwhile in ‘the Tatter' case
¢ is a function of Reynolds number;” provided that the’ distance 'is
taken as the one from the front.edge:of the: cylinder,
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In the treatment of the experimental results the values of the
statistical factors of turbulence used above are. those Whlch are
avallable Jn.the 1sotroplc turbulent ﬁeld The Values of the sta.—
_t1stlca1 factors .of turbulence Whlch 1nﬁuence the heat transfer
coefficient most for practical purposes, however, are those Whlch are
available only in the neighbourhood of a solid wall. When thLe tur-
bulence is produced by the square mesh grid; the turbulent field
sufficiently far from the grid may be looked upon as the isotropic
turbulent field, and the effect of shadow of the grid no longer
appears.
If the solid body is placed in the isotropic turbulent field, how-
ever, the tangential component of the turbulent velocity #’ in the
neighbourhood of the surface of solid becomes larger than the normal
component /. Consequently the condition of the isotropic turbulence
is not satisfied in this region. ‘As long as the condition of theiso-
tropic turbulence is satisfied, however, the following formulae hold :
U’ = const + (5/A4%) (/M), '
WM = A (o) Mw)-.

Accordmgly the values of #//U and #M wused in this paper differ
from the values in the neighbourhood of the solid wall. It may be
thought that the values of /U and /M in the neighbourhood of the
solid wall are certain fraction of the v@lues in the isotropic turbulent
field (i.e. the values used in this paper). Accordingly if the values
in the neighbourhood of solid wall are used, a different proportional .
coefficient should be used, and notwithstanding the formula repre-
senting the relation between the heat transfer coeffirient and the
statistical factors of turbulence may be kept valid.

From this experiment a clue may be given to the investigation
of the mechanism of the heat transfer phenomena from the surface
of solid body in the turbulent air stream.

In conclusion, the author wishes to express her sincere thanks
to Professor Y. Ikeda for his kind guidance.
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