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Abstract

The effects of thermal stratification on turbulence in stably stratified flow in
an open channel are investigated. Velocity and temperature fluctuations are
simultaneously measured by a laser Doppler velocimeter and a cold-film probe
in a bridge arrangement. Measurements include turbulence infensities, corre-
lation coefficients of heat fluxes and the Revnolds stress, probability density and
joint probability density functions, skewness and flatness factors, coherence-
phase relationships between velocity and temperature fluctuations, and others.

Distributions of turbulence quantities are strongly affected by buoyancy, and
variations with bulk Richardson number, Bi.can be interpreted by using the
contribution terms in their transport equations. In a strongly stable flow, the
flutd motion is dominated by a wavelike motion, and transport of momentum
and heat occurs through the breakdown of the wavelike motion and by the
buoyancy-driven force, sometimes against their mean gradients,

The local gradient Richardson number, R:, is the most dominant parameter
for representing the buoyancy effect on the turbulence structure and variations

of the turbulence quantities are well correlated with Ri.
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£ 1 REREBRo7e—-23F1a3>r
Tablel Flow conditions in stably stratified flows
Run No. Symbol Rox10:[~] Rel—] 8x10?[m)Rx104(m] Uu.X10%([m/s] u*X10°[in/s]

I o 0.0 (neutral} 8600 4.0 3.1 7.1 4.6
uoe 1.35(stable} 9100 4.0 3.2 1.3 4.7
m o 2.31{stable) 9800 4.0 3.1 7.4 4.7
¥y © 5.39(stable) 17660 3.9 3.1 10.4 6.1
v ® 15,3 (stable) 10500 3.9 3.1 6.9 4.3
i @ 19.0 (stable) 14800 3.9 3.1 7.8 4.7
1 @ 21.3 (stable) 12600 3.8 3.1 7.4 4.5
Y1 & 263 (stable) 12700 3.9 3.1 7.4 4.5
14 ¢ ] 26.9 (stable) 14900 3.9 3.1 7.9 4.8

Flzm L ( Ri= 0 3ke T 5, CAMEE u* 3 Clauser (1954)i2 L 2 3E 7' 07 4 -
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Fig. 4 Typical distributions of the time-averaged temperatures
Symbols as in figure 3.
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Fig. 19 Turbulence kinetic energy balance(in a moderately stable flow, Run V')
Symbols as in figure 18.
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Nomenclature

F, Froude number,= ../ (gd)"? -3
Fla), flatness factor of a(t),= o*/(a%)? -1;

1 frequency (1/s);
g gravitational acceleration {m/s®);
K, thermal diffusivity (m¥/s];
k wavenumber,= 2xf /{J (1/m};
N Viisild frequency,= (Bga T /ov)" (1/s);
Pr Prant! number,= v/K -1;
Pg - normalized probability density function of o(#) -1;
Po,o, normalized joint probability density function of y(#) and 62{#)(-];

p fluctuating pressure _ ' (Pa);
I turbulence kinetic energy, = 22+ v2+ w? (m?/s?) ;
R hydraulic radius,= §W /(26+ W) (m];
Re Reynolds number, = 4R 0w /v =3

Ri local gradient Richardson number,= 8g{87/ay)/(aU/ay)* (-);

Ri Bulk Richardson number,= 8¢R ( Toui— Toot)/ Dave® -);
R correlation coeficient between u and v,= —uv/u'v’ -);
R correlation coefficient between u and 8,= uf/u'¢’ -1

R, correlation coefficient between v and 8,= —v8/v'0’ -J;
Sual k) nomalized power spectrum of #,= S, {(f)U/2x (m¥/s?) ;
S(e) skewness factor of o(#),= ¢%/{a?)3? -J;
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time-averaged temperature

time

time-averaged velocity in the streamwise direction
cross-sectional time-averaged velocity
fluctuating velocity in the streamwise x direction
root mean square value of u,= (22)"

friction velocity,= (z./p )"

fluctuating velocity in the vertical y direction
root mean square value of »,= ()12

width of the flume

fluctuating velocity in the lateral z direction

space co-ordinate in the streamwise direction,= x,

vertical distance from the bottom floor of the flume or space co

-ordinate in the vertical direction,= %,

space co-ordinate in the lateral direction,= x

Greek Symbaols

%m;_@:@;'tbié

[+3
o
a;

Ty

Superscript

constant

expansion coefficient
flow depth

Kronecker delta

viscous dissipation rate
fluctuating temperature
root mean square value of #,= (#2)*?
kinematic viscosity
density

random variable,= o(#)
random variable,= a,(#)
random variable,= &,({)

shear stress at the wall

time-averaged ;

(K3;
(s);
(m/s] ;
(m/s];
{m/s]);
(m/s);
fm/s] ;
(m/s];
(m/s) ;
(m];
(m/s];
(m];

(m);
(m];

-);
(1/KJ;
(m];
-3
(m?/s*) ;
(K);
(KJ;
(m?/s);
(kg/m®);

(kg/m-s];




Subscripts

bot in the immediate vicinity of the bottom floor of the fiume ;
c conditional averaged ;
Lik three co-ordinate directions ;
max maximum ,
suf in the immediate vicinity of the free surface.
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Abstract

The buoyancy effects on turbulence in unstahly stratified shear flow in an open
channel are investigated. Hot water is put into a flume and heat-loss due to the
evaporation at the free surface forms an unstably stratified flow. Instantane-
ous velocity and temperature are simultaneously measured by a laser Dopp-
ler velocimeter and a cold-film thermometer. Measurements include various
turbulence quantities; turbulence intensities, correlation coefficients, probabil-
ity density and joint probability density {unctions, skewness and ftatness fac-
tors, coherence-phase relationships between velocity and temperature fluctu-
ations, and others.

The distributions of the measured turbulence quantities are strongly affected
by positive buoyancy, and their variations with the instability of the flow are
interpreted by investigating the production terms by shear and buoyancy in the
respective {ransport equations. Substantial changes in the turbulence structure
are caused by the buoyancy-driven motion, and this motion consists of the
downward movement of cold eddies and the upward movement of hot eddies.
In particular, the intermittent downward motion of the eddies with large
negative spikes of temperature fluctuation contributes to the vertical transport
of heat.

Various turbulence quantities are correlated well with a predominant param-
eter, i.e., local gradient Richardson number, for representing the effects of

buoyancy on the turbulence.
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Tablel Flow conditions in unstably stratified flows

Rup No. Symbol Rix10*[—] Rel—] 8x10%[m] Rx10%[m] U,, %102 (m/s] usX10%]m/s]

I 4 0.0 (neutral) 8600 4.0 3.1 7.1 4.6

m O —1.23(unstable) 41700 4.0 3.2 15.2 8.0
m & —2.03iunstable] 18300 3.9 3.1 8.0 4.6
¥ [ —2.96(unstable} 17700 4.0 3.2 7.8 4.6
Vv W —3.53(unstable) 21200 4.0 3.2 7.9 4.5
Vi 0 —3.70(unstable} 21300 4.0 3.2 7.8 4.5
Vi = —3.90(unstable] 23200 4.0 3.2 7.8 4.4
VT P —4.63(unstable} 24200 4.1 3.2 7.6 4.2
Q. |

—4 .90 unstable) 23700 4.0 3.1 7.9 - 4.5

— P8 Fr(=lave /00)") 130.24LL T Th - 72, - THN R BRI SR TREL LK TH
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Nomenclature

Fr,

Fle),

1A

Poa,,

=

RUU ’

Rus |

Froude number,= Jie/(gd)¥e
flantness factor of o (t), =%/ (o?)?
frequency

gravitational acceleration

thermal diffusivity

wavenumber = 2xf /{7

Prandtl number — v/K

normalized probability density function of & (t)

normalized joint probability density function of &, (#) and o,

(#)

fluctuating pressure

turbulence kinetic energy, = #%+ v3+ w?
hydraulic radius,= §W /(26+ W)
Reynolds number,= 4RT,../v

local gradient Richardson number 8gaT/dv/(a0/3y )

bulk Richardson number ,

= BgR ( Tour— Tou)/ Pave

correlation coefficient between # and v,
=—uv/u'v’

correlation coefficient between % and ¢,
—=ubl/u'8’

correlation coefficient between v and 4,
=—vB/ve

normalized power spectrum of #, = S,.(f)0/2x
skewness factor of & {t)=¢%/(62)*
time-averaged temperature

time

time-averaged velocity in the streamwise direction
cross-sectional time-averaged velocity
fluctuating velocity in the streamwise direction

root mean square value of #,= {#?)"?

friction velocity,= {(1w/p)"?

-1,
-J;
(1/sl;
(m/s?);
(m?#/s) ;
(1/m];
-1,
-J;

-1,
-

-1,
(m®/s*];
-1
(K);
(s);
(m/s);
(m/s];
(m/s) ;
(m/s];
(m/s) ;



v, fluctuating velocity in the vertical direction (m/s];

o root mean square value of v,= (v%)'* (m/s);
W, width of the flume 7 (m);
w, ﬂuctuafing velocity in the lateral direction (m/s];
X space co-ordinate in the streamwise direction,= x, {m);
v, space co-ordinate in the vertical direction,=x: (m];
z space co-ordinate in the lateral direction,= x (m);

Greek Symbols

a, constant A -1

B, expansion coefficient ‘ (1/K3 ;
é flow depth (m);
8y, Kronecker delta -1

e viscous dissipation rate (m2/s*] ;
8, fluctuating temperature (K);

@, root mean square value of 6,= (&2)'? (K):

v, kinematic viscosity (m?#/s];
P, density (kg/m®];
o, random variable,= ¢ (¢} -1
g, random variable,= o, () (-1,

o, random variable,= o, () OF
Tw, shear stress at the wall (kg/m-s];
Superscripts

_ time-averaged

Subseripts

bot, in the immediate vicinity of the bottom floor of the flume

¢, condtional averaged

L7k, three co-ordinate directions

max, maximum

suf, in the immediate vicinity of the free surface

5l B X M

Arya, 8.P.S. (1975} : Buoyancy effects in a horizontal flat-plate boundary layer. ]. Fluid



Mech., 68, 321-343.

Batchelor, GK. & A.A. Townsend {1949) : The nature of turbulent motion at large wave-
numbers, Proc. Roy. Soc. London, A199, 238-255.

Businger, J.A., J.C. Wyngaard, Y. Izumi & E.F. Bradley (1971) : Flux-profile relationships in
the atmospheric surface layer. J. Atmos. Sci., 28, 1817189.-

Charnock, H. (1967) : Flux gradient relations near the ground in unstable conditions. Quart.
J. Roy. Meteorol. Soc., 93, 97-100.

Clauser, F.H. (1954} : Turbulent boundary layers in adverse gradient. J. Aero. Sci., 21, 91
-108. ‘

Deardorff, J.W. & G.E. Willis (1967} : Investigation of turbulent {hermal convection hetween
horizontal plates. J. Fluid Mech., 28, 675-704.

Gibson, M.M. (1962) : Spectra of turbulence at high Reynolds number. Nature 195, 1281
-1283.

Haugen, IMLA., J.C. Kaimal & E.F. Bradley (1971) : An experimental study of Reynolds stress
and heat flux in the atmospheric surface layer. Q. ] R. Meteorol. Soc., 97, 168-180.

Mizushina, T., F. Ogino, H. Ueda & S. Komori (1978} : Buoyancy effect on eddy diffusivities
in thermally stratified flow in an open channel. Sixth Int. Heat Transfer Conf., Toronto,
1, MC 186, 91-96. .

Pruitt, W.0., D.L. Morgan & F.J. Lourence (1973): Momentum and mass transfers in the
surface boundary layer. Q.]. Roy. Meteorol. Soc., 99, 370-386.

Townsend, A.A. (1959) : Temperature fluctuations over a heated horizontal surface. J.
Fluid Mech., 5, 209-241.

Ueda, H. & T. Mizushina (1977) : Turbulence structure in the inner part of the wall region
in a fully developed turbulent tube flow. Fifth Biennial Symposium on Turbulence,
University of Missouri-Rolla.

Ueda, H., R. Maller, S. Komori & T. Mizushina {1977) : Eddy diffusivity near the free surface
of open channel flow. Int.J. Heat Mass Transfer, 20, 1127-1136. -

Ueda, H., S. Mitsumoto, S. Komori, Y. Ogawa & M. Okuda {1980) : Buoyancy effect on the

turbulent transport processes in the lower atmosphere. Q. J. R. Meteorol. Soc.(in press)

Willis, G.E. & J.W. Deardorfi {1967) : A laboratory model of the unstable planetary boundary
layer. J. Atmos. Sci., 31, 1297-1307.
Wyngaard, J.C. & O.R.Coté (1971) : The budgets of turbulent kinetic energy and tempe-

rature variance in the atmospheric surface layer. J. Atmos. Sci., 28, 190-201.




[ EF R AR S  §17% (R-17-80)
Res. Rep. Natl. Inst. Emviren. Stud., No. 17, 1980.

3, BN ICEBLE i FhohD
IR RIS HDE

Buoyancy Effect on Eddy Diffusivities
in Thermally Stratified Flow

ANROE - HHEE
FREFSCHE - KRB AR
Satoru KOMORI, Hiromasa UEDA', Fumimaru OGIN(O?
' and Tokuro MIZUSHINA®

® B

R T, BAKBRNOBERERIZDWT, ZE8 L URERBRE BT 2
BER S L UROALFIRREI ET 2 ERER LT L, Az RIZTEHORE
I DWTNEE» T 72, ‘

FEENEL L O ELRIE R L, v —H— - ¥ o 77— WS, BEWTEELL
RERE G, REOSES D bt L7, HERBHE T3, HEiE L L V8
OELRALIEE €my € IBEEEOBMAE ELIZEAL L, ZOlken el 7
MUEOBEIL )V F e — PV B RIDTATZERPLT, RE=1TH0LIZE
T b,

TEERETHE, €n Eenld & LICPEEENMERIZH - THEL LY, BT
P VBRI A S B VCESERUE BTV AR MAT B 4%, WAL ER
TRz T2, LT, €n/enid Ri=—02 THEAIZYY (6,/6,=3), Ri=—10
TLZHETS, Z0k I LEBIIEKROKRAT TOMNERMREE L RY D,

1, B RAms
T3056 IRERVLIRIZER & ERETER) 169 2
The National Institute for Environmental Studies, Division of Atmospheric
Environment, Yatabe-machi, Tsukuba, Ibaraki 305, Japan
2. BRERFEITEER by
T606 FENAA WX HAHT
Kyoto University, Dept. of Chem. Eng., Kyoto 606, Japan



Abstract

This paper presents experimental results on the eddy diffusivities of momen-
tum and heat in thermally stratified flow in an open channel under both stable
and unstable conditions to provide some insight into the buoyancy effect on
turbulence,

The eddy diffusivities of momentum and heat were calculated as a function of
position from time-smoothed velocity and temperaturre profiles measured by a
laser Doppler velocimeter and thermocouples.

The results in stably stratified flows indicate that the eddy diffusivities of
momentum €,, and heat €, decrease with stability and that the !‘eciprocal
turbulent Prandtl number also decreases with increasing Richardson number R,
reaching a value of about 0.] at Bi=1.

Under unstable conditions, €., and €, increase with instability and the recipro-
cal turbulent Prandt] number increases as the stratification shifts from neutral
to weakly unstable conditions but then drops gradually as (— Rf) increases. It
has a maximum of about 3 at Ri = —0.2 and drops to unity at R = —10. This

behavior is different from other previous atmospheric measurements.
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Nomenclature
Co, specific heat at constant pressure 7 (J/kg-K);
Fr, Froude number,={/{gd)"*
gravitational acceleration (m/s?] ;
k, thermal conductivity J/m-s-K):
G » heat flux at the wall (J/m%);
R, hydraulic radius (m]);
Re, Reynolds number=4R/ v =7,
Rf, flux Richardson nurnber,.: Ri-Eal€m OF
Ri local gradient Richardson number=8¢ (3T /3y)/{aU/dy)* [-);
i overall Richardson number,=8(T,—T, JgR/T? -
7, time-averaged temperature ‘ (K7
T, time-averaged temperature in the immediate vicinity of (K);
the free surface
To . time-averaged temperature at the bottom (KJ:
U time-averaged velocity in the x-direction (m/s];
. averaged velocity over a flow cross section (m/s);
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u*, friction velocity= (z./p)"? (m/s);

', nondimensionalized velocity=U/u* -

v, time-averaged velocity in the y-direction (m/s);

x, longitudinal co-ordinate tmj;

¥, vertical co-ordinate (m];

», nondimensionalized distance=u*v/v — -1

A, expansion coefficient (1/K);

é, flow depth (m];

Ems eddy diffusivity of momentum (m?/s};

€n eddy diffusivity of heat . (m*/s) ;

tan 6, slope of the channel (-);

v, kinematic viscosity (m?/s] ;

o, density (kg/m®);

Tw, shear stress at the bottom wall (kg/m-s?].
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Application of a Spectral Equation Model
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Abstract

Buoyancy effects on the various turbulence quantitiés in stratified turbulent
shear flows with vertical uniform velocity and temperature gradients are
discussed. The spectral equations are derived from the Navier-Stokes, energy

and continuity equations for the correlations at two points, and are solved
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numerically under the assumptions that the turbulence is homogeneous and
weak enough for triple correlations to be negligible in' comparison with double
correlations.

The solutions are presented as a function of the local gradient Richardson
number, with a Prandtl number of 5 and a parameter 7, of 6. The results show
the interesting variations of the turbulence quantities with stability and

instability, and are in good qualitative agreement with the experimental results.
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The solid lines in the measured results represent the best fitting curves,
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The solid lines in the measured results represent the best fitting curves,

— 105 —



Nomenclature
b,

Eis,

Ee,

E

83

Eso,

Ses s

~

temperature gradient,= 37/dy

spectrum function of (%), (#)» nondimensionalized by
vi{t— tol ),

spectrum function of {#;).(#), nondimensionalized by
v/ (/o &)

spectrum function of (8),{#%)s nondimensionalized by
v/ (&)

spectrum function of (£),(#), nondimensionalized by
v/ ((t—t) 1)

gravitational acceleration

constant involved in initial conditions

thermal diffusivity

dimensionless wavenumber, = (&% + (k— k)2 -+ k%) 12
dimensionless wavenumber component in the i direction,
= v (f— 1) ",

fluctuating pressure

Prandtl number, v/K

velocity-velocity correlation.= (). (%, s
velocity-pressure correlation,= m
pressure-velocity correlation,= (),(#,)s
velocity-temperature correlation,= (#;)2(8 )z
temperature-velocity correlation,= (8),(u)s
temperature-temperature correlation,= (8),(6 g

turbulence kinetic energy, = #?+ i+ w?

local gradient Richardson number,= 8¢{(3T/3 )/ 617 / dy)*

distance vector from point A to point B,= (gﬂ,'&z, &)

dimensionless spectrum of #;x; averaged over all directions

in wavenumber space

dimensionless spectrum of #,8 averaged over all directions in

wavenumber space

dimensionless spectrum of 88 averaged over all directions in

wavenumber space

mean temperature
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(K/m];

[_] ;

[_J ;

-3s
(m/s?);
(m*/s*);
(m?/s) ;
-1
-1,

(Pa);

SF
(m?/s?) ;
(Pa-m/s);
(Pa-m/s);
(K-m/s);
(K'm/s];
(K*J;
(m*/s?);

=)

(-1;

-1
(K);



I

time

initial time

terminal time

mean velocity in the x direction

fluctuating velocity in the x direction,= #
fluctuating velocity in the ¢ direction
fluctuating velocity in the y direction,=
fluctuating velocity in the z direction,= u,
space co-ordinate in the streamwise direction,= x,
space co-ordinate in the 7 direction

spacé co-ordinate in the vertical direction,= x,

space co-ordinate in the lateral direction,= x,

Greek symbols

B,
4y,
€Em:

€nr

&
8,

X,

Subscripts
Lk

expansion coefficient

Kronecker delta

eddy diffusivity of momentum

eddy diffusivity of heat

spherical co-ordinate in wavenumber space
fluctuating temperature

wavenumber vector

wavenumber in the { direction

kinematic viscosity

distance from peint A to point B in the % direction,

=(xe)p— (Xn)a

density
dimensionless time,= (3{7/8y)(t—t,)
vatt =t (=Ha/av}{t—14))

spherical co-ordinate in wavenumber space

three co-ordinate directions ;
at point A ;
at point B

in neutral conditions;
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ls);
(s];
(s
(m/s];
(m/s];
(m/s];
(m/s);
(m/s];
(m);
(m];
(m];
(m};

(WK);
SF
tm?/s];
(m?/s);
-1
(Kl




Superscripts
- time-averaged ;

root mean square value.
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5. AEMBTAR_E RS THD
IR

Turbulent Transport in the Mixed Convection

over a Heated Horizontal Plane

FEFERE - DR OE - AREED - /N
Hiromasa UEDA!, Satoru KOMORI', Shigeki MITSUMOTO!
Yasushi OGAWA'!

£ B

A —HRH B L 22 AT L2 B B BRF RUC 20 T, S
Feir HIRA AT & £ TH BRI AT 2858 TOEEBEL T k- 12,

BERATHIZ 2T, i h 5  BMREEES L RIS L T
O Nu e Ra BootBBs 442 L 70 S ifOE A R k 21208 - T, B 8 ks
i o WHETAIZ AT T 5 4%, BmECHET AR BeTROFEBII BB ERL
AR

BEMNBA CHIRIITRER B 24 T EER . MOELFIE IR en €
BrUEnbnlbeen MR T 225 FHZ en/en NDECEFERFEI AR E 2O
ANTIIFELCRLDL, TOREERTEOBEIZL20E*FBIZANDL L, B
BER, MEBIUBRBAORE - RESHIIERETTNTE S,

Abstract

Turbulent transport processes in the turbulent boundary fayer on a heated horizontal
plane were investigated, in which the flow changed from forced convection, via mixed
convection, to natural convection conditions with the surface témperature of the plane

increasing.

1, BESAERRR  KREHEL
T305 R IR S AT 16% 2
The National Institute for Environmental Studies, Division of Atmospheric
Environment, Yatabe-machi, Tsukuba, Ibaraki 305, Japan
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At the limit when the free stream velocity is decreased with the heat flux kept
constant and high, a relationship between Nusselt number and Rayleigh number was
obtained and it was proposed as a heat transfer correlation for the natural convection.
It was found that transition from natural to forced convection occurs rapidly and so the
regime of mixed convection is rather narrow, so far as the heat transfer is concerned.

In the mixed convection the flow is stratified unstably and the eddy diffusivities of
momentum and heat, €= and €,, and the ratio of €,/€mn increases with increasing
instability. However, of those stability dependences, in particular that of the € n/€ mis
significantly different in the wall region from that in the ocuter layer. Taking into

" account this fact, the predictions of the friction factor, Nusselt number and the velocity

and temperature profiles in the mixed convection are refined well.

1. # B

B 5 TR I B R R T OE S AL R R ZIVEE’]’QC SR A T, BRI C
i, TEXAIEEDIEIET AMEIL ) ThALmBa sz, 2 d‘rﬁéﬂ?ﬁﬁ%ﬂ%ﬁk?"%n 7,
B, R BHEREI-RAT L L, B BORHEEOREIZL » TRAHHEASZR SIS,
2, THHDBAMEIZEOE BIC inversioncap 25 TWABEN S ¢, Fho o%Eiik
AERICEA LR L2 LT,

ZOE ) LEAMREBE T EEIIRELENTE ), RAVELEOSSITE, Lo L8 -
TEEEEIAEAYIC A ), EER - 8 HEOBRES MELRIEERIT TN T AT B, BEL
{3 quasi-equilibrium state |2 & 2 EFIZ 20T, Zook 9 HELRES - ALESASBIRC RITYT
FENOERNLHRIZET 5 —ENRFFE (Mizushina, Ogino, Ueda and Komori, 1978, 1980) #
KL, ELROFE2 DR RILRARIN L ST A — 3 THH T IT 4 2 b Fo—FV o M Ri
TERIICFELELRL,

=7, TERXAR THOBROEFIBRROLEEKEE 2R 2 By TEMEN 2 M L,
FEARRTHLNHEREIBRAR L ) L2 RES S B CBMTE 2R 2 HIEL, L
2L, FIEHZ, HHERE L 20 LB TOEREREBEI AT LBV A A AELHL I L -
7> (Ueda, Mitsumoto, Komori and Mizushina 1980),

Ik ey, REETIHRESMEOSEB TOILTMRBE S BH T ELSBANE LT,
TR ERE S N IMBAFR LR EN 2 RENEIC DT oSEHER P ERL -, £
Bsid Townsend {(1972) 2T~ 2FNMIZATT 2 L UL TS 2 9%, WS Tt BRAk ©
nEEN-ER L2,

KFE—BRRPICACETR L R L 2856, PR EICHRE R ER S L h, PR MET
5 &, TIBAEOWMAIZE - TRAGEEHRS S BEMHREZ8 T, alficBad s, £We
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TR HIRATH - BRNEA~ETT 28R TORGECRITTEIIMRELBEL 22T
BEE LIz, KEFRENHEBRNTEIZ W T OBRGEOHMR A RH LB E L s 4HMEL
7z

FEDTETEAR_E o ELR B SR B L Tig Viiet (1969), Fujii and Imura (1972, Miller and
Gebhart (1978) 7 & #1% { D@F7ELH ), BEERIZET 28IV TR L Nu=aRa™ T
oy, REa OEHSNTSNTTHDE, 2, FROPLE LD ERGAERET 28, 342
AP ERPIIMAS N THR2ICBBILE N oI HRRRRECBE I CERTE VB
$B:EFEZ LN, FRTE—HROFEE B EH T o T, BRERSFOEISKRIEL 2 (A
LARRETO Nu & Ra HOMHERA & Rtz

2. REREE:RBHE

FEEIZEMIE 15 mX1.0m, 3 19m NHAZROBG 2 A7z, K1ICFMERFKERL
2, M ENCRKIERE—F - CEEIZ N B LOA7TaT—om ) N3, BANER
CIHEHENCENARLEREHL 22, EBPORMBEOTILIEX02KURTHE» 2, £
72, ALNKRE THOREO—HEEIEE Im/s 0 & & +1.0% LINTH - 72,

EREBREEZR 2IRY BRREN ) —~T 4 > 72y F 2 BMAETR A DA 5 0.5 m OfirE
DERE L, REEEATIZHEE L2, BlIEAMEAERIE 3 mm O (900% X2580%) TH 5,
ZHIZT 70— b REAT, FOTHH05mm B AT v AWBECERSEIC £ ) m#
L7z, 2k &, EECRBAEROEMHLERSI N W, EARORIHBI 2T 24
RL g O E Tl BRI —E - R b,

BEA~OBRBEFHHET I 2023, Tt —F—0HRO 24 mm EOFRIFFHFAL T, FOTH
EAT L AMBEOTT -9 —TMHRL, ZhAE25mmEne .y 77—V TRELZ,

/ N\

WIND VELOCITY O.1~100 myy

TEST SECTION H 500~1000
w1500
L 19000

E] DS SR84 _ R
o) et RERERERE _ Y == i

r__

H 1 AR

Fig. 1 Schematic diagram of the wind tunnel
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Fig. 2 Heat transfer equipment
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B2, INSOBIREOBEIEINARIIE % LT Th sy, HARME-RARICE
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MODIRIE Z ) BLA & 3RO T2 BRI 52 0 BAIR K OREERHEE % ¥ 72,

(1)5855N 5

MBEAVNE {, BEBROMEIAE LY, HAEEENAERLEs, R3cRLEd @
BRFBEERRIIRRA TRED Y 3,

Ny =0033Re, 02 Pr1 (1)
IR TR ESRE AT 2 RERDBR L ~8T 5,

2

"
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1 Y Nug=0.034 Re P
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Fig. 3 Local heat transfer coefficient for forced convection in the turbulent
boundary layer over a horizontal plane
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DAHIZE »THBEE N, AXTHEZ 613,

Nu,= o - Ra,® (2)

ZOFEB T Re BEIZE VDY, Ra #72X107 LLE CRAZERRENEBENETH S, kR
PO a DERHEHICL>TELEHTHLA(E]L), FERTII @=0.155L %), Fujiiand
Imura @ Ray <2x10® T =016, McAdams (1954) #3342 =014 »{TE—8T 3,
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Fig. 4 Local heat transfer coefficient for turbulent natural convection over a
heated horizontal plane

% 1 Ffa nhs

Table 1 Comparison of the coefficient «

o Ra
0.155 Present results 2 X1~ 2 x1019
0.11% Miller & Gebhart 3 X10° - 3 x107
0.13 Fujii & Imura > 5 X108
g.16 Fujii & Imura < 2 X108

0.14 McAdams 2 X107~ 3 x 1010

BUREEIE

BB - RAH - BERO TN TOFRLES, 6B L TIRT, W5, 6173 N
BEUSKIoHT S Re (IKEFELTRT  HP 37 A= ZI3INMETH 5, DSk R T
RERTHD, MAEIEUTD L Ny (3K 2, RERTHESR B LEVEET (4=
0.2m/s, AT=65K, A @) Tt N [JHSEFINA D 82 F TET 5, RILHER 2 Sk it Re
OETHEML - OH 6 Th b, BHEMREIZE-D ¢ & Sk Mmoo BRI A3, msk
HENADEFII L H, HTICENTOHOERERE N vs. R A THBIL, BETHHB%
FROMAEREITH N, e DRI T N 3F L (AT L, 20 L S DREMNEETHR
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Fig. 5 Variation of Nu, with Re, for mixed
convection over a heated horizontal plane
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Fig. 6 Variation of S with Ke, for mixed convection over a heated horizontal
plane
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(1, @rsDENIFEL(KEY, TNLDEHERTRAE L TEALAREFRET S,
(3)

Nity= [(Nu, free) (Nu, torced) n] ur
n OB OBIZT ARG EEIEE OMMBELFR 2 ICRT, 2 OBRAMEII. ML 5. T

n=394 X Lz r 2FtEEXRS, 6, TIZEBRERL—EITTL . BN E By T
HENTHE, L IICER A RELEL L2802 L, BREICHETLRY, SRR, S

B HADTEATIE 28 TR R B FRIN S,

3.2 EHER - BoilfiEs
sEEIIIC A L T, EEBROEGEERE €ne HD5WIIESIESE L © LT van Driest BoOR

(van Driest, 1958) % {RET 2,
(4)

Lr=xz*(1—exp(—2z*/26))
ST, kIEANCERTHL, RECIIPUVRKES, HIIBER AT A AH W ERTT{LE

=Y.
ALEOESYEART 2 LEHE - BOELMLEAEIZ £ Li2kL, Thoo¥aiifiaoil
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Em/Eme={1—2bRE)1E (5)
er/€n={€r/En)ol1— Rf /Rfcrn}/(1—Rf)? {6}
SITRAE77 9 7 AU Fe—FVr i R BTOBRETHY, EBs o EEMHIEZ0.112
Th, I, PAUKNE e DEIRL2IZ %5, ENERTZ LN IHMLOMBIIEHAR &
D EEORRRTHNT 2, L Lids, BMAE TORTERENR, Fht ) FEria

L v % 7§ (Ueda, Mitsumoto, Komori, Ogawa and Okuda, 1980),

KA OBMARGICHL T 2RI EEE COREEEKFEICBET 2 SNERII LTI
Arya and Plate (1968) f#%Ah 27217 T, S LR TRAIZ % 2 BEHUIE (wall region)
TORFMEE R L EHTMEITZ 2200, FMETIR0<2 <0NFRRT, T TELILEURE
RITTEEEIREE E BET L 72, £ OR, ERROELAIHRE enlzDu T, BIERMENE
BN THERKTHEIC MBI L 523w wHEa L b o/, LAl €x/€addflliz DT
i, ELA LD TR R R T I U T (GRU6), BEmBHEm TN & A KT,
PEEEDBIIZL > THTHrCBRTAIRETHS (M8), Tk, Gibson and Launder

(1978) H4EH L Ty B & H1c, BAKOFEEIZ L »C, BEHEBHOBHIEEIR, s 4

Trrr T T T.T T 11171 T T T T TTTIT T T L
o o & Present work

v Pruitt etal.(}873) |
a Businger etal.
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ot —— Mizushina etal1980) |
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Fig. 8 Variation of the ratio of eddy diffusivity for heat to that for momentum, €5/ €m,
with Richardson number, R7, in unstably stratified flows
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Fig. 9 Comparison of the present results with those of other field observations in
the atmospheric surface layer
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Fig. 10 Comparison between the predicted and experimental results for the heat
transfer coefficient and friction factor
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—EY 2, i, BESIFEESFIIOWTL, BERENOBR S NAHE (2Y<40) DAk E
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B LA - TREEESABL SR - TEY, TOEREFIHFRESZELIKEVHZ LT
5, BEHOBRIZOL I ABEBHEFA(RL TV,

4. #& B

1, BEMER TIEENIC L - TELARMAITREER NG, SR & BOBLTILEER, 6, B
SUEN LD €) € ITEEEDHEKRIIH - TRE( LD, LI, H26, /CaDLEKFE
PRIZEESEE E 2O TIEIEL (B4 5,

2, EANRICATY B BEIRREC Nu sl mio w3 5 L ) - A& BnFmizid
BEAFEELLv, ZAs0ERe, BAENKPOEE - IRESHR LR L D bREEIRT
HNEEIC L AEELZEICANL ERCRETTFHTE S,

Nomenclature

G, friction factor , -J;

g acceleration due to gravity (m/s?];
{ mixing length (m];
Nu, Nusselt number (-
Nty rorcea Nusselt number for pure forced convection -);
Nux.naturall Nusselt number for pure natural convection -J;
Pr, Prandtl number =1
Q. heat flux at the wall (J/m?s];
Ra, Rayleigh number ()
Re, Reynolds number -);
Rf, flux Richardson number (-1
Rfr critical Richardson number -

Ri, gradient Richardson number -J;

St Stanton number SF
., free stream velocity (m/ S]-;

— 120 —



i, mean velocity in the x direction (m/s);

u*, friction velocity (m/s];
w, velocity in the z direction (m/s);
x, coordinate in the main flow direction : (mJ];
z, distance upward from the wall [m};

Greek symbols

@, constant in Eq. (1) -);
constant in KEYPS equation (-);

d, boudary layer thickness (m);

€1, eddy diffusivity for heat transfer (m?%/s);

€m, eddy diffusivity for momentum transfer (m¥/s):

@, mean temperature (KJ;

8, temperature fluctuation [KJ;

£, von Karmén constant (-1;

A, constant in Eg. {9) =)

P, density (kg/m?) ;

Ty, shear stress at the wall (kg/m-s?} ;

bu shear function for temperature (-J;

b shear function for velocity (-1;

Superscripts and subscripts

+, denotes dimensionless value normalized with the wall para-
meters;
o, denotes the value in the neutral condition ;
X, denotes local value at the location x.
51 B X ®&
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Abstract

Buoyancy effects on the turbulent transport processes in the atmospheric
boundary layer above the surface layer have been investigated. Direct
measurement of heat flux and wind and temperature profiles was made by sonic
anemometers and the continuous ascending and descending operation of a
kitoon, to determine the eddy diffusivity of heat and the local Richardson
number. The present results, along with those of a parallel study on the
stratified turbulence structure by a laboratory experiment were examined by
comparison with previous results in the surface layer. Under stable conditions
significantly different stability dependence in the surface layer and the layer
above it is recognized ; in the outer layer the eddy diffusivity of heat, K}, along
with the ratio of the eddy diffusivities of heat and momentum, &y /Ky, decreases
remarkably with the gradient Richardson number, RZ, reaching a value of Ky/
Ki:u=0.01 at Ri=1 and under strongly stable conditions the ratio Ky/Kyo varies
as Ri™%, while in the surface laver the ratio K,/Ky remains constant or
decreases slightly. This contrasting behavior in the surface layer and the layer
above is presumed due to the modification of the turbuience structure and so the
turbulent transport processes by the presence of the ground, as indicated by
Gibson & Launder (1978). Under unstable conditions the ground effect is not so
significant that results of the present observation along with the laboratory
experiment may be applied to the entire region of the atmosphere. The ratios
of Ku/Kuy and K. /Ky increase as the stratification shifts from neutral to weakly
unstable conditions. The ratio Ku/Ku takes a peak value of about 3 at Ri=—
(.2 and then falls gradually with increasing instability and attains the value of
unity at Ri=-—10.0. This fact together with the increase of Ku/Kuo with

increasing R results in a constant value of the ratio K/ Kuo equal to about 6.0.
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Solid line represents the result calculated by Eqs{1Jto{3).
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Nomenclature

€5, specific heat at constant pressure (J/kg-K);
i Coriolis parameter ‘ (s'1;
g gravitational acceleration im/s?) ;
E von Karman's constant ; G
Ky, eddy diffusivity of heat (m?¥/s];
Ko, eddy diffusivity of heat under neutral condition (m3/s) ;
K, eddy diffusivity of momentum (m?/s];
Kao . eddy diffusivity of momentum under neutral condition (m?/s)
K, diffusivity of salinity (m*/s];
Ky, diffusivity of water vaper (m*/s);
L, Monin Obukhov’s length (m);

S Mixing length (m);

q. heat flux (J/m?s];
Rf, flux Richardson number ; (-J;
R, critical flux Richardson number ; (-};
Ri, gradient Richardson number ; -+
T, mean velocity (m/s);
0., mean horizontal velocity (m/s];
H, horizontal velocity fluctuation (m/s]);
u*, friction velocity, ={ 7w/p )} (m/s);
Ve, geostrphic wind speed - (m/s];
w, vertical velocity fluctuation (m/s);
z altitude ' (m);

a, coefficient for log-linear law K
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Y coefficient for KEYPS law -3
o nondimensional altitude, = z/L -);
9, mean potential temperature . {K);
g, potential temperature fluctuation (K3;
a,, mean virtual potential temperature (K);
Az, = 0.00027 | Vy | /f (m) :
0. density of air {kg/m") ;
P, shear furction, = {kz/u*) 80/3z <)
du, temperature gradient function, = (k2*/{—w8))30/dz (-);
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Application of Laser Doppler Velocimetry to
Turbulence Measurement in Non-isothermal Flow
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Abstract

In order to apply laser Doppler velocimetry to turbulence measurement in non
—isothermal flows, an experimental method is proposed for estimating and
correcting the effect of interaction of the laser beams with turbulent tempe-
rature fluctuations along the beam paths. This is applied to turbulence
measurement in fully developed stratified flow in an open chammel and the effect
of the interaction on the turbulence power spectra and turbulence intensities in

the longitudinal and the vertical directions is discussed.
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(A3M), (A38) ROREIZE I IZRT (s l,_08%0/0¢%/C. & e |_0970/382]/G) NE/ AT B
HKEBHOGFH»LELTHEZ EHHEIHLILE,
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Nomenclature

a, tangent of ¢

b temperature gradient = 87/ 3y

o correlation value,= w4 | ;20 3°60/3 8 [ 1=
G correlation value,= v, | 120 5°8/91% | =0
c, velocity of light

e, erroneous velocity due to the broadening
£ frequency
IR x co-ordinate of the light beam
o v co-ordinate of the light beam
A fluctuating component of £
I fluctuating component of f
o, gravitational acceleration

A distance from the light source to the receiver in the z

direction

L position of the lght Sourée

IA position of the receiver

7 refractive index

Mo, averaged refractive index

w fluctuating component of #

R, hydraulic radius = W /(264 W)

Re Reynolds number,= 4R, ./ v

Ri local gradient Richardson number
Salf) power spectrum of 4,

Sk () power spectrum of 4y ,
S0, power spectrum of

S (S, power spectrum of #«

S {F ), ~ power spectrum of »

Self ), power spectrum of 4

Sl ) power spectrum of 3%¢/31*

8. : space co-ordinate along the light path
T, time-averaged temperature

l, time

Uha s apparent velocity in the 7 direction
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(K/mJ;
(m-K/s*);
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(m/s?);

(m);
(m);
(m);
-1
-);
-);
(m];
-1
-);
(m?/s);
(m?*/s);
(m?/s);
(m?/s);
(m?/s);
(K®s];
(K*/s%);
(m);
(KI;
(s);
(m/s);



U, real velocity in the ¢ direction

U, time-averaged velocity in the streamwise direction
U ave cross-sectional time-averaged velocity

, fluctuating velocity in the streamwise x direction
o, apparent fluctuating velocity in the 7 direction

e, fictitious fluctuating velocity in the i direction

e, real fluctuating velocity in the ¢ direction

u root mean square value of u,= (&%)

u*, friction velocity, = (zw/p }"*

U real velocity vector,= (U, U, Us)

v, fluctuating velocity in the vertical v direction '

v, root mean square value of v,= (P}

W, width of the flume

W, - fluctuating velocity in the lateral z direction

x, space co-ordinate in the streamwise direction,= x
¥, vertical distance from the bottom floor of the flume or space

co-ordinate in the vertical direction,= x,

z space co-ordinate in the lateral direction,= x;

Greek Symbols

a, temperature dependence of the refractive index
JiA expansion coefficient

S, flow depth

g, viscous dissipation rate

< replaced variable,= /—z

f, ﬂuctuéting temperature

g, second partial derivative of 8 with respect to time
g, root mean square value of §,= (%)

A, integral scale

A, wave length of laser beam

o, density

g, scattering volume dimension in 4 direction

T, tangential unit vector of the beam

v, Doppler frequency
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(m/s];
(m/s);
(m/s);
(m/s];
(m/s);
(m/s) ;
(m/s);
(m/s);
(m/s] ;

(m/s]);
(m/s);
(mJ;
(m/s);
(m]);

(m]);
(m);

(1/KJ;
(1/K};
(m];
(m?*/s%) ;
(m);
(K);
(K/s?);
(K3
(m];
{m];
(kg/m*);
(m];

{1/s);



t, Doppler frequency at the light source {1/8);

¥, one hialf of beam intersection angle (rad];

Superscript

—_— time-averaged ;

Subscripts

a, apparent ;

F, . - due to finite transit time ;

f, fictitious ;

G, due to gradients in mean velocity ;

N, due to electric noise ;

P, due to instrumental bandwidth ;

r, real;

T, due to small scale turbulent fluctuations.
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Stably stratified apen-channel flow
[ . Experimental apparatus and flow and heat transfer configuration
Open channel ; 0.3 mYx0.06 m"x6.l m"-

Experimental apparatus: Figure 1

-6 -2 -05 0 30 L5

« Saturated steom
from boiler

Glass window

wool tor laser Doppler .

velocimeter

II. Initial and boundary conditions
Initial conditions :
Isothermal fully-developed turbulent open-channel flow
X (entrance length) /8 =30 (with tripping pipe)
Condensation of saturated steam on the free surface
T=373K at y = &{free surface) and—05m<x<0m
Boundary conditions
(1) aT/ay=0at v =4 and x>0
Heat flux at the free surface may be neglected except for small x.
(2) Floor and side walls : adiabatic
BT/oy =0at v =10 for all x
af/oz =0 at y = +150 mm
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M, Experimenta! conditions and results
1. Neutral flow case
Vertical profiles of turbulence quantities
in the well-developed region - i e page 169—171
2, Stably stratified flow case
i ) Vertical profiles of turbulence quantities
At X/8 = Th-eeerrtmmeries i S page 172—179
i) Variation of turbulence quantities

With x/(j ....................................................................... page 186ﬁ192
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Unstably stratified open-channel flow .
I. Experimental apparatus and flow and heat transfer configuration
Open channel : 0.3 m" x0.06 m" x6,1 m"

Experimental apparatus: Figure 2

I Regulating valve

- —_—
"m"l U;Jriﬁce
Boiter _
L — Over flow
—3 '
=
A& oritice Head |[tank Jl“
u o—
l Pump Ternperature regulating
tank

- S NN . T | 1

/ 9 Open channel / El
[
Glass wool | | Window for LO.A. .

Cutlet tank

I1. Initial and boundary conditions
Initial conditions : Isothermal, uniform flow
U = const., T=const. (323~343K)
forallyand z at x = 0
Boundary conditions
{1} g=constant at ¥y = & (free surface)
Heat flux with high evaporation rate {not sensible heat but insensible heat)
because of high water temperature.
{2) floor and side walls: adiabatic
oT/ay =0aty=10
97/3z =0 at z = =150 mm
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III. Experimental conditions and results
Vertical profiles of turbulence quantities at x/¢ = 117

(we”»developed region ) ........................................................... page 179— 185
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TABLES
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EXPERIMENTAL CONDITIONS AND RESULTS
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2

Vertica) profiles of turbulence quantities in the well developed region

i) Neutral flow e rmereemeirrmmmmuisi s e
i) Stably stratified flow ««coorerrr
iii) Unstably stratified flow-:«-=«« -semermmmtimiiini et

Variation of turbulence quantities against x/¢ ---ororrrrrerine




RUN No- Neutral |

Ri—] 0.0
Q[em¥/s] 857

Re[—] 8550

Fr[—] 0.114

Tavelem/s] 7.12

wulg-em/s] 0.0105

A—1 0.00823

u*[cn1/s] 0.457

Slem] 4.01

rw[g/s%-cm] 0.208
at x/8=117 (well-developed region. x; distance from inlet of the flume)

Rfcnﬂ 3.18

olg/em®] 0.59%

AT =Tt Tho:)[K] 0.0

/& olU/ By I u/u* v/u* —un —uv/uy
-] (1/s] [em/s] (-] (-] [em?/s?] [—]
0.020 — 0.775 0.587 — — —
0.045 13.30 3. 040 1.688 0.6231 — —
0.099 9.150 5.57% 2.259 — — —
0.149 4.050 6.788 2.003 0.8339 0.082¢ 0.2347
0.199 1.740 7.294 1.745 0.8306 0.1072 0.3568
0.249 1,290 7.567 1.581 0.8249 0.0942 0.3457
0.299 1.120 7.849 1.485 0.8111 0.0913 0.3659
0.349 0.960 8.016 — 0.7993 — —
0.399 0. 800 8.216 1.365 0.7885 0.0999 0.4438
0.448 0.695 8.309 1.276 0.7972 0.0891 0.4235
0.498 0.605 8.503' 1.261 0.7755 — —
0.573 0.520 8.660 1.174 0.6935 0.0706 0.4341
0.643 0.505 8.746 1.071 0.6339 0.0709 0.4734
0.723 0.490 8.964 1.016 0.6359 0.0541 G.4244
0.798 0.465 %.116 1.017 0.5649 0.0314 0.2686
0.872 0.425 9.226 0.954 0.4455 G.0126 ¢.2901
0.947 0.435 9.377 0.932 0.3064 0.0016 0.0270
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y/& u_s/u'3 Py W/ v v
[—] (-] [—] [—] [-]
0.020 0.7456 — 4.130 —
0.045 0.6819 —-2.7577 3.475 14.43
0.099 —0.0259 — 2.798 —
0.149 —0.2371 —0.5369 3.013 4.623
0.199 —0.3453 —0.1061 3.403 3.277
0.249 —0.1719 _—0.2166 3.425 6.376
0.299 —0.2253 0.2096 3.168 3.319
0.349 — — — —
0.399 —0.1961 0.3200 3.330 3.407
0.448 —0.2433 0.289]1 3.396 3.313
0.498 —0.2947 0.3643 3.694 3.438
0.573 —0.0721 0.3636 3.180 3.241
0.648 —0.2888 0.4277 3.025 3.582
0.723 —0.0704 0.6279 3.105 3.842
0.798 —0.2202 0.4780 3.136 3.733
0.872 —0.1642 0.4450 3.016 4.234
0.947 —0.2021 0.0982 3.440 5.123
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y/ & — 2umvgg/u*2 ?ﬁj uv —?vﬂla/u*s 55/1{*3
dy dy oy

[—-] [1/s] [1/s] (-] (-]
0.020 -— — — —
0.045 4.906 — —
0.099 — — — —54.82
0.149 3.179 1.685 13.94 —
0.199 1.786 0.828 7.839 —27.08
0.249 1.163 0,668 5.102 —
0.299 0.979 0.611 4,297 ~3.4%4
0.349 - - — —
$.399 (.765 0.462 3.358 —1.316
0.448 0.593 0.434 2.602 —
0.498 - 0.371 — —1.415
0.573 0.351 0.307 1.543 —
0.648 0.343 0.322 1,505 —0(.900
0.723 0.254 0.306 1.114 —1.185
0.798 0.139 ©.258 0.812 —0.660
0.872 0.051 0.198 0.224 —0.632
0,947 0.006 0.142 0.029 —0.505
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RUN No. Stable I

Ri[-] 0.2629  Re[—]) 12750  F+[—] 0.1346  5[cm] 3.908  R[ecm] 3.100
Qlem®/s] 870.0 Theelem/s] 7.421  w*[cm/s] 0.4527  plg/cm®] 0.9940
wulg-em/s] 6.007175  f[—] 0.007441 twlg/st-em] 0.2037  AT(= Teu— Toor) [K] 14.14

=/ 8[—] 75.0 (x; distance from downstream end of the steam box )

/& Ri T/ oy T au/ dy T w/ut
(-] [—] [K/em] (K] [1/s] [em/s] [—]
0.008 0.0 0.0 - 7 - 0.691 0.105
(.022 0.0 0.0 — — 2.075 1.344
0.026 0.0 0.0 30.93 14.90 3.486 1.643
0.042 0.0 0.0 — — 4.158 1.995
0.051 0.0 0.0 30.99 9.350 5.270 2.209
0,102 0.0002 0.020 31.06 5.800 7.01% 2.175
0.154 0.0020 0.040 31.13 2.400 7.789 1.714
0.205 0.0132 0.130 31.15 1.700 §.075 1.552
0.256 6.0332 0.245 31.20 1.475 8.368 1.378
0.307 0.0490 0.325 31.23 1.400 9.670 1.324
0.358 0.0946 0.540 31.32 1.300 8.949 1.197
(.409 0.1950 1.025 31.48 1.250 9.221 1.217
(.461 (.3224 1.615 31.69 1.225 9,430 1.136
0.512 - 0.4998 2.375 32.22 1.200 9.783 1.114
0.563 ©0.6801 3.050. 32.66 1.175 9.834 1.183
0.614 0.9052 4.150 33.34 1.200 10.17 1.027
0.665 1.512 5.670 34.38 1.100 10.40 0.774
0.716 3.218 6.965 35.77 0.8500 10.60 0.534
0.768 9.346 8.875 36.91 0.5750 10.73 0.58%
0.819 10,11 8.874 38.87 0.5649 10.84 0.503
0.870 9.074 8.900 40.80 0.6100 10.96 0.510
0.921 8.323 8.899 42.49 0.6500 11.07 0.837
0.972 6.881 8.800 44 .49 0.7250 11.21 1.361

—172—



y/& o'/u* /AT P, —d -
(-] (—] (] [em-K/s] [em-K/s] [em?/s?]
0.008 — — — — —
0.022 — — - — —
0.026 — 0.0041 3.263x1073 — -
0.042 — — — — -
0.051 0.3518  0.0051 1.427x1072 4.687x10° —
0.102 0.5786  0.0067 1.8201072 1.417X1473 3.851X1072
0.154 0.6480  0.0096 2.318x1072 4.133x107¢ 3.619x10°*
.205 0.7259  0.0105 2.597X107? 44221073 6.215X1072
0.256 0.7092  0.0144 3.545x1072 6.786x107% 7.383X1072
0.307 0.7246  0.0198 5.504 X102 7.359x107% 6.999x1072
0.358 0.7132  0.0271 8.110x1072 9,769x1073 8.362x1072
0.409 0.6963  0.0326 9.514x107¢ 3.391x1073 8.084X1072%"
0.461 0.6487  0.0433 1.291x107! —7.591x1073 4,779%1072
0.512 0.7160  0.0629 1.891x1¢7! —3.404x107¢ 2.963X1072
0.563 0.7485  0.0787 2.796x 10! —8.071x107¢ —5.206x1073
0.614 0.7010  0.0864 2.152X 10 —1.229x10™! —2.184x107
0.665 0.6418  0.0968 1.504 107! —1,098>10! —1.504x1073
0.716 0.5191  0.1027 4.968>107* —2.082x1072 —2.918X1073
0.768 0.6432  0.1158 1.25610°2 1.104x1072 —
0.819 0.4542  0.1103 1.0631072 —1.198x1072 2.583x107°
0.870 0.3977  0.1207 7.991 %1073 —3.050%x10°2 2,480x1073
0,921 — 0.0944 2,991 %1072 — —
0.972 — 0.0410 —5.355X1073 — —
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y/ & w8 E —v8/ 8 —uv/u'
(-] [—] [-] (-]
0.008 — — —
0.022 — — —
0.026 0.0076 — -
0.042 — — —
0.051 0.1986 0.0439 —
0.102 0.1954 0.0670 (.1490
0.154 0.2213 0.1154 0.1590
0.205 0.2495 0.1024 0.2690
0.256 0.2793 0.1377 0.3690
G.307 0.3284 0.1231 0.356¢
0.358 0.3874 0.1315 0.4780
6.409 0.3705 0.0296 0.4660
0.461 0.4034 —0.0608 0.3160
0.512 0.4114 —(.1831 (.1810
0.563 0.4544 —0.2586 —0.0287
0.614 0.3601 —0.3126 —0.0015
0.665 0.2848 —0.2018 —0.0148
0.716 0.1166 —{.0419 —0.0513
0.768 0.0243 0.0164 —
0.819 0.0241 —0.0199 0.0553
0.870 0.0166 —0.0607 0. 0596
0.921 0.0548 — —
0.972 —0.0147 — —
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y/8 i ? e /g0 wt/u v/ g/g ¢

-] =] -] 1) -] ) [—]
0.008 1.2524 — — 4.277 - —
0.022 0.9091 E— — 4.222 — —
0.026 - 0.5632 — —0.795 3.481 — 4.608
0.042 0.4746 — — 3.047 — —
¢.051 —0.0113 —0.0155 1.50 2.722 5.428 26.17
0.102 —0.5952 —0.0398 0.713 3.413 4.190 7.371
0.154 —0.6061 0.0438 1.621 3.786 4.225 9.707
0.205 —0.5757 — 1.353 3.656 —_— 7.226
0.256 —0.4250 0.3626 1.820 3.627 3.617 10.22
0.307 —0.4188 0.2551 1.924 3.530 3.358 9.699
0.358 —0.4021 0.4207 2.036 3.689 3.622 §.565
0.409 —0.4179 G.4787 1.520 3.581 3.703 6.317
0.461 —0.4012 0.4022 1.344 3.460 3.749 4.903
0.512 —0.4168 0.3299 1.06% 3.603 3.249 3.768
0.563 —0.7501 0.1949 0.722 5.840 3.213 2.888
0.614 —_— 0.1304 0.368 — 3.287 2.463
0.665 ~—(.4778 0.1455 0.005 4.593 3.291 2.726
0.716 —0.2220 }.0956 —{0.024 3.988 3.472 3.229
0.768 — — 0.045 —_— —_— 3,396
0.819 —0.7330 0.1316 0.121 11.16 3.739 2.628
0.870 6.2152 0.1900 —0.126 5.253 3.588 2.403
0.921 — — —0.710 — — 2.936
0.972 0.6604 — —0.823 11.99 — 3.967
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_ 8l v, ..

u/d —Zuva—;/u*z 28gv8/u*? ;Egh;/u ¢ — Bgublu’ v’
{—] [1/s] (1/s] (1/s] 11/s]
0.051 —13.38 —1.34% 10~ 2.374 —0.0264
0.102 2.179 —0.0041 1.542 —0.0208
0.153 0.847 —0.0119 0.907 —0.0300
0.205 1,031 —0.0127 0.795 —0.0331.
0.256 1.063 —0.0195 0.759 —0.0522
0.307 0.956 —0.0212 0.766 —0.0826
0.358 1.061 —0.0282 0.775 —0.1371
0.409 0.986 —0.0098 0.716 —0.1629
0.461 0.571 0.0222 0.699 —0.2559
0.512 0.347 0.1007 0.771 —0.3504
0.563 —0.059 0.2424 0.744 —0.4744
0.614 —0.002 0.3767 0.819 —0.4583
0.665 —0.016 0.3458 0.911 —0.4856
0.716 —0.024 0.0678 0.825 —0.2915

0.768 — — 0.628 —
0.819 0.014 0.0425 0.509 —0.0824
0.870 0.014 0.1129 0.475 —0.0729
0.

0
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s —(ﬁi—? @%}/u* O e — 2585 /(4T)?

[—] [1/s] [1/s] [1/s]
0.051 0.0972 —0.133 0
0.102 0.0965 —0.106 2.837x10°7
0.153 0.1085 —0.135 1.655x1076
0.205 0.1498 —0.132 5.753x10°%
0.256 0.2214 —0.186 1.664x 1075
0.307 0.1972 —0.251 2.393%x10°°
0.358 0.2787 —0.350 5.279 X105
0.409 0.3426 —0.434 3.478X107°
0.461 0.2155 —0.624 —1.227x10"*
0.512 0.0659 —0.831 —8.091x10™*
(¢.563 —0.1860 —1.010 —2.464x1073
0.614 —0.2616 —1.208 —5.106x 1073
0.665 —0.2695 —1.519 —6.232X107
0.716 —0.1081 —2.062 —1.451X107*
0.768 — -2.044 _
0.819 0.0471 —2.756 —1.064x1073
0.870 0.0374 —3.596 —2.716X107*
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U

y/8 ¥ By v83/u»? £8/urd
(-] (-] [—] (-]
0.051 - —0.000 —
0.102 9405 —0.017 —
0.153 3.656 —0.051 —
0.205 4,450 —0.054 —-9.,950
0.256 4.588 —0.084 —4.950
0.307 4.126 —0.091 —
0.358 4.579 —0.121 —3.650
0.409 4,256 0.042 —2.850
0.461 2.464 0.095 —1.460
0.512 1.498 0.434 —_—
0.563 —0,258 1.046 —
0.614 —0.0110 1.625 —1.715
0.665 —0.0695 1.492 —
0.716 —0.1044 0.292 —0.950
0.768 — —— —
0.819 0.0617 0.183 —0.200
0.870 0.0639 0.487 —0.070
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RUN No. Unstable m

Ri[—] —0.049 Rel-—] 23700 Fr{—]) 0.127 slem] 3.98

Qlem?/s] 945 Oeelem/s] 7.93 ux[em/s] 0.447 olg/em3] 0.978

f[—1 0.00637 . lg/s%em] 0.196  AT(=T,,— T [K] 1.549

Rlem] 3.14 plg-em/s] 0.00411 +/8[—] 117 (=x; distance from inlet of the flume)

y/ 8 Ri aT/ay T al/ oy b u fur
[-] -] [K/cm] (K] f1/s] [em/s] (-]
0.0503 —0.0013  -0.540  69.63  16.30 5.282 1.936
0.1006 —0.0093 —0.245 69.55 £.090 6.159 1.666
0.1509 —0.0037 —0.320 69.49 2.360 6.851 1.668
0.2013 —0.116 —0.285 69,43 1.250 7.142 1.746
0.2516 —0.309 —0.240 69.38 0.7000  7.172 1.652
0.3019 —0.751 0,200 69.30 0.4100  7.342 1.620
0.3522 —1.16 —0.150 69.27 0.2850 7.451 1.591
0.4025 —1.82 —0.110 69.26 0.1950  7.508 1.634
0.4528 -4.95 —0.095 69.31 0.1100  7.650 1.514
0.5031 —5.67 —0.090 69.28 0.1000 7.794 1.430
0.5535 —8.17 —0.105 69.21 0.0900 7.836 1.394
0.6038 . —87.5 —0.125 69,20 0.0300 7.949 1.252
0.6541 —19.9 —0.155 69.20 0.0700 7.996 1.162
0.7044  —252 —0.160 69.11 0.0200 8.013 1.105
0.7547 —70.8 —0.180 69.08 0.0400 7.986 1.091
0.8050 —66.8 —0.215 69.09 0.0450  8.033 1.032
0.8554  —2250 —0.365 69.00 0.0100 8.064 0.953
0.9057 —221 —0.715 68.89 0.0450 8.146 0.996
0.9560 —341 —1,430 68.73 0.0200 8.253  ——
0.9811 —2240 —_ 68.53 - 8.226 —
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y/ & v fur o /AT —ud w8 —uv

[-] =1 (-] [em-K/s]  [em: K/s] [em?/s?]
0.050 —_ 0.0543 0.0164 —_— 0.0627
(.100 — 0.0518 0.0093 0.0026 0.1508
0.150 0.839 0.0582 0.0166 0.0017 0.1356
0.201 0.853 0.0633 0.0206 0.0023 0.1490
0.251 0.890 0.0605 0.0153 0.0060 ¢.1177
(.301 0.938 0.0655 0.0175 0.0093 0.0984
0.352 0.932 0.0680 0.0212 0.0097 0,1237
0.402 1.005 0.0693 0.0179 0.0119 0.0405
0.452 0.995 0.0753 0.0196 0.0147 0.0685
0.503 0.998 0.0840 0.0226 0.0147 0.0636
0.553 0.986 0.0882 0.0243 0.0187 0.0616
0.603 0.972 0.0932 0.0200 0.0218 0.0434
0.654 1.003 0.1025 0.0185 0.0276 0.0440
0.704 0.966 0.1118 0.0252 0.0259 0.0445
0.754 0.898 0.1226 0.0282 0.0275 0.0468
0.805 0.877 0.1304 0.0221 06.0312 0.0233
0.855 0.783 . 0.1420 0.0180 0.0326 0.0046
0.905 e 0.1558 0.0149 — 0.0184
0.956 E— 0.2035 e -
0.981 _ 0.2253 _ —
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y/d —uf/u & vG/v & —uv/u v
[-] (-] (-] (-]
0.0503 — — 0.1822
0.1006 0.1548 0.0714 0.4575
0.1509 0.2460 0.0520 0.4833
0.2013 0.2691 0.0738 0.4996
0.2516 0.2204 0.1642 0.3598
0.3019 0.2373 0.2204 0.3230
0.3522 0.2833 0.2218 0.4162
0.4025 .2282 0.2412 0.1233
0.4528 0.2475 0.2742 0.2268
0.5031 0.2714 0.2761 0.2224
0.5535 0.2850 0.3188 0.2238
0.6038 0.2472 {.3384 0.1782
0.6541 0.2241 0.3607 0.1887
0.7044 0.2942 0.3427 0.2080
0.7547 0.2919 0.3523 0.2386 .
0.8050 0.2249 0.3770 0.1287
0.8554 0.1759 0.3632 0.0307
{.9057 0.1258 —_ 0.0983
0.9560 e — —
{.9811 —_— — —
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y/8 w v/ &/ utiu A &ret
[—] (-] (-] (-] (-] (-] -1

0.050 0.1755  —1.6784  —1.049 2.658  12.852 4.206
0.100 0.2013  —0.8762  —1.278 2.911 8.340 5.218
0.150 0.0172  —0.5180  —1.422 2.711 7.455 5.976
0.2001  —0.1455 —0.1184 —1.511 2.615 4.536 6.227
0.251 0.043¢  —0.2247  —1.515 2.512 5,295 5.896
0.301  —0.0035 —0.1947  —1.527 2.443 4.342 5.898
0.352  —0.0718 —0.1585  —1.647 2.507 4.312 6.615
0.402  —0.1095 — —1.758 2.383 — 7.218
0.452  -—0.2381  —0.1145  —1.847 2.572 4.120 7.592
0.503  —0.2056 —0.3584  —1.,657 2.604 6.375 6.110
0.553  —0.2467  —0.2640  —1.486 2.578 5.554 5.509
0.603 — — —1.646 — — 6.301
0.654  —0.2076 0.0057  —1.551 2.985 3.065 6.140
0.704  —0.1353 — —1.624 2.833 — 6.444
0.754  ~-0.2008 0.1365  —1.428 2.795 2.872 5.262
0.805 —0.0614 0.1430  —1.493 2.870 2.904 5.649
0.855  —0.0074 0.1323  —1.490 2.748 2.983 5,745
0.905 — — —1.303 — — 4.828
0.956 —0.0153 0.2393° —1.270 2.894 3.487 4.998
0.981 —_ — —1.243 2.207 — 4.906
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—aU —aU, , |

r ~2uv‘—9-?-l/u*z 28078/ u v vz-a—y/u v — poablu’ v

(-] [1/5) (1/s] [1/5] [1/5]
0.050 10.213 0.0069 7.471 0.0301
0.100 6.160 0.0166 2.425 0.0177
0.150 3.189 0.0106 1.184 0.0373
0.201 1,854 0.0146 0.607 0.0437
0,251 0.823 0.0380 0.377 0.0328
0.301 0.403 0.0588 0.237 0.0362
0,352 0.352 0.0614 0.167 0.0452
0.402 0.079 0.0751 06.119 0.0344
0.452 ¢.075 0.0925 0.072 0.0409
0.503 0.063 0.0926 0,069 0.0499
0.553 0.055 0.1182 0.063 {1.0557
0.603 —_— 0.1374 — 0.0519
0.654 0.035 0.1745 0.060 0.0501
0.704 0.008 0.1634 0.017 0.0745
0.754 0.018 0.1733 0.032 0.0908
0.805 0.010 0.1972 0.038 0.0770
0.855 0.000 0.2058 0.008 0.07539
0.905 -— .2304 — —
0.956 — —_— 0.007 —
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v S AT G 2T

[—] [1/s] [1/s] (1/s]
0.050 —0.7100 0.1778 0.0005
0.100 —-.7976 0.1146 0.0005
0.150 —0.7030 0.1516 0.0004
0.201 —0.5921 0.1623 0.0006
0.251 —0.4685 0.1487 0.0012
0.301 —0.3193 0.1527 0.0016
0.352 —0.2644 0.1594 0.0012
0.402 —0.0864 0.1508 0.0011
0.452 —0.1026 0.1655 0.0012
0.503 —0.0863 0.1840 0.0011
0.553 —0.0957 0.1955 0.0016
0.603 — 0.2098 0.0023
0.654 —0.1061 0.2235 0.0036
0.704 —0.0891 0.2531 0.0035
0.754 —0.1027 0.2986 0.0041
0.805 —0.0689 0.3250 9.0056 .
0.855 —0.0213 0.3964 0.0099
0.905 — — 0.0217




all

y/ 8 —uvg, e BgoBs/ur? £8/us’

(-] -] [—] (-]
0.050 45.35 0.0309 —
9.100 27.36 0.0736 —
0.150 14.16 0.0470 —6.45
0.201 8.236 0.0650 —6.90
0.251 3.658 0.1688 —4.25
0.301 1.789 0.2614 —5.42
0,352 1.563 0.2727 —3.20
0.402 0.351 0.3336 —
0.452 0.33¢ 0.4110 —
0.503 0.282 0.4115 —3.14
0.553 0.246 0.5252 —
0.603 — 0.6104 —2.55
0.654 0.136 0.7753 —
0.704 0.039 0.7259 —1.05
0.754 0.083 0.7697 —
0.805 0.046 0.8761 —0.95
0.855 0.002 0.9143 —1.20
0.905 — 1.0233 —
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Variation of turbulence quantities against =9 [ d=375)

é{em] 4.062 Rlem] 3.1964 Qlem¥/s] 920.0 U,lem/s] 7.5496
Ri[—-] 0.3254 Rel—] 13410~ wu*[em/s] 0.4577  plg/em?] 0.9941
f[=] 0.007351 ¢, [g/s%ml 0.2082 Fr[—] 0.1197 #lg-em/s] 0.00720

at x/6=75.0 (Changes of these quantities may be neglected along x.)

y/ 8 T v —pf —vBiv 8

(-] {K] lem/s] lem: K/s] (1]
0.098 —_— — - —_—
0.147 34.188 0.3831 0.0026 0.0517
0.197 34.316 (.3871 0.0031 0.0636
0.246 34.406 0.3904 0.0038 (.0756
0.295 34.426 0.3867 0.0047 0.0927
0.344 ' 34.450 0.3779 0.0049 0.0888
0,393 34.461 0.3757 0.0069 0.1273
0.443 34.457 0.3482 0.0093 0.1569
0.492 34.461 0.3534 0.0140 0.1801
0.541 34.532 0.3414 0.0150 0.1615
0.590 34.59%4 0.3192 0.0170 0 1380
0.640 34.809 0.3158 0.0221 0 1088
0,689 34.876 0.3043 0.0161 0 0709
D.738 34.950 (.3093 0.0412 0 0129
0.787 35.536 0.4124 6.0177 0 0311
0.837 38.248 0.3793 0.0475 0.0431
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Variation of turbulence quantities against x/& ([ 2/8=500)

8lem] 4.062 Rem) 3.194 Qlem3/s] 920.0 Useelem/s] 7.5496
Ri[—] 0.325¢  Re[—] 13410 ur[em/s] 0.4577  plg/em®] 0.9541
f{—] 0.007351  «,[g/s%em] 0.2082  Fr[—] 0.1197 plg-em/s) 0.00720
at x/8=75.0
y/ & T U u’ v’ &
(1] (K] [em/s] [em/s] [em/s] (K]
0.098 34.44 5.436 1.081 - 0.132
0.147 34.49 6.614 0.875 0.2959 0.136
0.197 34.56 7.043 0.757 0.3189 0.150
0.246 34.62 7.427 0.638 0.3241 0.174
0.295 34.74 7.690 0.631 0.2922 0.247
0.344 34,84 7.950 0,549 0.2895 0.373
0.393 35.05 8.067 0.540 0.2842 0.528
0.443 35.43 8.424 0.475 0.2609 0.804
0.492 36.04 8.724 0.439 0.2599 1.040
0.541 36. 89 8.964 0.458 0.2448 1.295
0.590 37.85 §.311 0.432 0.2545 1.412
0.640 39.29 9.732 0.426 0.2603 1.525
0.689 40.88 10.13 0.370 0.2434 1.475
0.738 42.19 10.36 0.364 0.2498 1.333
0.787 14.57 10.45 0.441 0.2887 1.140
0.837 45.60 10.51 0.766 0.2945 1.190
0.886 45.51 10.51 1.244 _— 1.207
0.935 47.14 9.802 2.802 — 1.265
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y/8 ud ub/u’ & —vf — v/ ¥

[—] [em- K /s) (-] [em- K/s] (-]
0.098 0.0049 0.0340 E— E—
0.147 (.0058 0.0486 0.0060 0.1009
0.197 0.0070 0.0616 0.0081 0.1180
0.246 0.0093 0.0835 0.0105 0.1111
0.295 0.0231 0.1477 0.0099 0.0851
0.344 0.0359 0.1745 0.0172 0.1104
0.393 0.0695 0.2430 0.0181 0.0821
0.443 0.1229 0.3216 0.0154 0.0559
0.492 0.1731 0.3788 0.0017 0.0052
0.541 0.2331 (.3924 —0.0218 —0.05%0
(.590 0.3260 0.5333 0.0195 0.0520
0.640 0.3202 0.4921 —0.0022 —0.0062
0.689 0.2385 0.4364 —0.0035 —0.0126
0.738 0.0897 0.1844 —0.0077 —0.0294
0.787 —0.1118 —0.2223 0.0100 0.0311
0.837 —0.1247 —0.1367 —0.0039 —0.0136
0.886 —0.1045 —0. 0695 e —
0.935 —0.1124 —0.0317 —_— e
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Variation of turbulence quantities against z/8 (x/8=625]

8[em] 4.062 Rlem] 3.1964 Qlem®/s] 920.0  U,..[em/s) 7.5496

Ri(—] 0.3254  Re[—) 13410 u* [em/s] 0.4577  plg/cm®] 0.9941

fl—] 0.007351  r,[g/s%m] 0.2082  Fr[—] 0.1197 plg-em/s] 0.00720

at x/6="75.0

u/ & T U u' v g
[—] [K] [em/s] [em/s] [em/s] [K]

0.098 34.78 5.126 10,990 — 0.134
0.147 34.79 5,855 . 0,857 0.3211 0.135
0.197 34.69 6.103 0.771 0.3405 0.140
0.246 34.77 6.510 0.673 0.3246 0.149
0.295 34.86 5.714 0.670 0.3008 0.161
0.344 34.84 6.957 0.603 0.2799 0.181
0.393 34.83 7.192 0.590 0.2208 0.205
0.443 34.91 7.433 0.573 0.2453 0.250
0.492 35.03 7.688 0.536 0.2313 0.322
0.541 35.15 7.961 0.698 0.1986 0.365
0.590 35.52 7.896 1.370 0.2060 0.470
0.640 36.10 8.674 1.156 0.1831 0.608
0.689 36.43 8.904 1.004 0.1914 0.742
0.738 37.36 9.303 0.653 0.1831 1.000
0.787 38.94 9.836 0.693 0.1738 1.485
0.837 41.12 10.302 0.544 0.1394 1.688
0.886 45.19 10.833 0.468 — 1.866
0.935 48.24  11.129 0.458 — 1.254
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y/d8 uf uf/u' & —vd —v8/v &

(] [em: K /s] (-] [em- K/s] (-]
0.098 0.0036 0.0270 _ —
0.147 0.0044 0.0379 0.0039 0.0809
0.197 0.0061 0.0560 0.0018 0.0342
(.246 0.0057 0.0567 0.0004 (.0066
0.295 0.0114 0.1052 0.0038 0.0624
0.344 0.0163 0.1491 0.0001 0.0011
0.393 0.0211 0.1735 0.0050 0.0824
0.443 0.0275 0.1919 0.0059 0.0674
0.492 0.0401 (.2318 0.0063 0.0557
0.541 0.0496 0.1940 0.0115 .0934
0.590 (.0286 0.0443 0.0116 0.0715
0.640 0.0787 0.1084 0.0099 0.0533
0.689 0.1062 0.1423 0.0185 0.0804
0.738 0.1506 0.2304 0.0276 0.1095
0.787 0.2483 0.2410 0.0286 0.1141
0.837 0.2716 0.2956 0.0110 0.0648
{.586 0.170% 0.1957 E— —
0.935 —0,0644 —0.1120 — —
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Variation of turbulence quantities against =/8 [x/6=750]

Slem] 4.062 R[em] 3.1964 Q[em3/s] 920.0 TU,..[lem/s] 7.5496

Ri[—) 0.3254  Rel—) 13410 u*{em/s] 0.4577  plg/em®] 0.994]

f[—] 0.007351  r,[g/s%cm] 0.2082  Fr[—] 0.1197 #lg-em/s] 0.00720

at x/8=75.0

u/é T U o v 8
(-1 [K] [em/s] [em/s] [em/s) (K]

0.098 35.07 4.954 0.8308 — 0.138
0.147 35.09 5.568 0.8341 0.3096 0.147
0.197 35.06 6.011 0.6968 0.3477 0.157
0.246 35.02 6.249 0.7055 0.3121 0.172
0.295 35.00 6.470 0.6644 0.3189 0.189
0.344 35.05 6.784 0.6169 0.3148 0.201
0.304 35.04 6.912 0.6286 0.2987 0.232
0.443 35,08 7.215 0.6013 0.2737 0.261
0.492 35.23 7.454 0.6785 0.2682 0.314
0.541 35.27 7.703 0.6347 0.2350 0.361
0.590 35.43 8.034 0.6573 0.2529 0.443
0.640 35.81 8.264 0.5628 0.2259 0.521
0.689 36.08 8.576 0.5694 0.1980 0.634
0.738 36.60 8.988 0.6962 0.1688 0.784
0.787 37.87 9,323 0.4181 0.1534 1.047
0.837 40.09 9.662 0.3426 0.1402 1.439
0.886 43.47 10. 257 0.6026 — 1.464
0.935 46.87 10.716 0.3159 — 1.315
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y/ 8 uf ub/u' & — 8 —uf/v' &

(-] [cm- K /s] [—] [em-K/s] A=
0.098 0.0036 06.0315 — —
0.147 0.0040 0.0329 0.0034 0.0683
0.197 0.0084 0.0762 0.0077 0.1332
0.246 0.0144 0.1181 0.0077 0.1311
(.295 0.0131 0.1045 0.0098 0.1447
0.344 0.0162 0.1299 0.0126 0.1617
0.393 0.0243 0.1662 0.0121 0.1426
0.443 0.0298 0.1893 0.0168 0.1785
0.492 0.0378 0.1772 0.0153 0.1413
0.541 0.0387 0.1685 0.0164 0.1429
0.590 0.0674 0.2313 0.0236 0.1637
0.640 0,0954 0.3250 0.0229 (. 1536
0.689 0.1008 0.2789 0.0280 0.1708
0.738 0.1130 0.2070 0.0087 0.0565
0.787 0.1180 0.2693 0.0094 0.0556
0.837 0.1480 0.3002 0.0053 0.0282
0.886 0.2082 0.2359 S _
0.935 0.1180 0.2841 - —_—
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