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Chapter I
INTRODUCTION

In October 1951, a model study of Lake Hefner was undertaken at Colorado
A & M College under the sponsorship of the U. S. Bureau of Ships, Department of
the Navy and in cooperation with the U. S. Geological Survey. The primary
objectives of the model study were to determine the following:

1. Correlations of wind structure between model and prototype,

2., Correlations of evaporation between model and prototype.

Details concerning the prototype study are reported in Refs. 2 and 13.

The experimental work performed in an endeavor to obtain model data for
correlation with the Lake Hefner Prototype Studies (1.3)1 was accomplished dur-
ing two separate periods of testing. The periods of testing were during the
surmers of 1952 and 1953 and have been called the 1952 Testing Program and
the 1953 Testing Program respectively.

Results obtained from the 1952 Testing Program have been previously
reported in Lake Hefner Model Studies of Wind Structure and Evaporation ==~
Final Report: Part I (3). The major results from the 1952 portion of the test=-
ing program on the 1:2000 scale model with wind from only a southerly direction
were that the wind structure for model and prototype is similar above the
laminar sub-layer which existed in the model and that the Reynolds analogy as
modified by Kdrmén may be used to correlate evaporation rates from both the
model and prototype when the shear velocity rather than the velocity is taken
ag one of the variables comprising the Reynolds mumber., The reader is referred
to Part I (3) not only for a detailed account of these results but also for a
description of the model, the techniques used, and the equipment which is not

included herein.

1 The first number in parenthesis 1s the bibliographical entry number and the
second number, which follows a colon if present, is the page number,



This report, Lake Hefner Model Studies of Wind Structure and Evaporation
-~ Final Report: Part II, describes the 1953 Testing Program and integrates the
results with those of the 1952 Testing Program. The salient features which
were investigated during the more recent testing program include the following:

l. Determination of the effect of wind direction by rotating the
model 1809,

2. Determination of the effect of upstream barriers on the rate of
evaporation from the model,

3. Determination of the similarity between the Reynolds analogy and data
having Reynolds rmumbers intermediate to those for the Lake Hefner
model and prototype,

. Examination of the evaporation theories of other investigators to
formulate a model-prototype relationship.

In addition, the steps are outlined and an example cited for the practical

application of a modified form of the Karmén extension of the Reynolds analogy.



The following symbols are used in this report.

List of Symbols

An effort was made to have

these agree as closely as possible with those appearing in the Part I (3) and

those in the Lake Hefner studies technical report (13).

The English system of

units =-- pounds, feet, and seconds -- has been used wherever convenient, Any

other system would be equally applicable provided proper cognizance is taken of

the conversion factors.,

Symbol Definition

e water vapor pressure of the ambient air -~
a subscript refers to the elevation at which
it was measured

eq water vapor pressure of saturated air at the
evaporation surface temperature

Ae difference between the vapor pressure of the
air in contact with the evaporation surface
and the vapor pressure of the ambient air

g acceleration due to gravity

ko Kdrmén constant

¥ mixing length

1n denotes logarithms to base e

log denotes logarithms to base 10

m subscript referring to the model

n exponent

P subscript referring to the prototype

Py total atmospheric pressure

1 exponent

q

Ay specific humidity

€
T roughness ratio -~ by definition r = TEE
£
r! relative roughness -- by definition ! =~%§E
w
r, radius
x the distance in the model from the leading edge of

the modeled terrain to the point at which the
velocity profile is measured

Units

millibars

millibars

millibars
feet/second?
dimensionless

feet

millibars
pound/pound
dimensionless
dimensionless

feet

feet



Symbol Definition

t time coordinate

u! the instantaneous velocity fluctuation from U

u'w'  temporal mean value of velocity fluctuation product

w! the instantaneous velocity fluctuation in
the z direction

z vertical height above surface

z, roughness parameter

Zop roughness parameter of the land surface

Z 0w roughness parameter of the water surface

A area of surface from which eveporation takes place

A(z) exchange coefficient

Cp absolute humidity of the ambient air

Co absolute humidity of the air in contact with the
surface from which evaporation takes place

Cqy absolute humidity of the air at height =z

Ac difference between the absolute humidity of the
air in contact with the evaporation surface and
the absolute humidity of the ambient air

Ac! difference between the mixing ratio of the air
in contact with the evaporation surface and the
mixing ratio of the ambient air

Co by definition Cg = 72%—,—6-;

Ce drag coefficient

D wind direction

Dy total drag on a boundary of unit width over the
length X

E average rate of evaporation per unit area

E! average rate of evaporation per unit area

Ey total rate of evaporation
length of evaporation surface

N form of Nusselt number -- by definition N = EJAE——

AC Vg

Units
seconds
feet/second

feetz/second2

feet/second
feet

feet

feet

feet

feet?2

pound-
second/feet?2

pound/feet3

pound/feet3
pound/feet3

pound/feet3

pound/pound

dimensionless

dimensionless

dimensionless

pound/feet

pound/feet2-
second

inch/feet2-
day

pound/second
feet

dimensionless



Symbol Definition

R Reynolds number -- by definition R = Eﬂﬁég

RX Reynolds number -- by definition Ry = ng

R correlation coefficient

g U:&’\/I

R, form of Reynolds number -- by definition Ry = 'vg

S shape factor of the surface from which evaporation
takes place

,Tair temperature of the alr

To temperature of the evaporation surface

Tap temperature (model only) of the alr as measured by
the dry bulb of the forward tunnel psychrometer

TAw temperature (model only) as indicated by the wet
bulb of the forward tunnel psychrometer

U temporal mean wind velocity in horizontal plane --
a single subscript other than zero indicates the
height above the surface in feety a binary subsript
indicates both the height above the surface 1in feet
and the station at which the veloclty was measured

U, ambient wind veloclty at height equal to or greater
than

U the mean wind veloclty as measured at the forward

FT

tunnel location

UT the mean wind veloclty as measured by the traverse
me chanism

Uy shear velocity -- by definition Uy = o/ 757p

X distance downstream from apparent leading edge of
the test section

Y specific weight of dry air

8 thickness of the boundary layer

3’ thickness of the laminar sub-layer

6v thickness of the vapor blanket

€ equivalent sand roughness

€ equivalent sand roughness of the land surface

éw equivalent sand roughness of the water surface

1 4 kinematic viscosity of the air

Units
dimensionless
dimensionless
dimensionless

dimensionless

dimensionless
oF

OF
o

op

feet/second
feet/second
feet/second

feet/second

feet/second

feet
pound/feet3
feet
feet
feet
feet
feet
feet

feetz/second



Definition

i Q)

coefficient of molecular diffusion for
water vapor into air

time

density of dry air =-- subscrint refers to
elevation at which tempverature was measured,
Subscript zero denotes that the density is
based on the temperature of the surface from
which evaporation takes place

Prandtl number -- by definition o = -%-
shear at surface

gamma function

Units

feet2/second

second

pound-,
second?/fectl

dimensionless

pound/feet?



Chanter II
THEORETICAL AMALYSIS

This Chapter is devoted to a review of the theoretical analysis and
results which are presented in Part I of the Lake Hefner Final Report (3)
along with the methods of adaptation of a work of 0. G. Sutton (10) and a
work of H. U, Sverdrup (11). The two objectives of interest in this project --

wind structure and evavnoration =- will be treated separately.

Wind Structure

As indicated in Part I, the equation concerning wind structure resulting
from the work of Prandtl and KArman was considered to be applicable to both

the model and prototype wind profiles; that is

U
_.?.:-.5,75 10@5... R (1)1
3+ Zo

As a result of the 1952 Testing Program, Figs. 1 and 2 were developed to
demonstrate the correlations between the wind structures for the model and the
prototype. A relationship between 2z, and Upg, 2-gta.2 for the vprototype,
Pig. 3,was also evolved and was used in simplifying the expressions for the
Karmén extension of the Reynolds analogy which was employed in the evaporation

vhase of this study.

Evaporation
This section on evaporation will be devoted to a review of the Reynolds
analogy which is presented in detail in Part I and to an exposition of the
methods of adaptation to this study of a work of 0. G. Sutton (10) and a work

of H., U. Sverdrup (11).

1 ZEquations taken from Part I of the Lake Hefner Final Report (l}) bear the
same mumbers that they had in Part I, All equations having a number which
is less than 100 were taken from Part I, Equations originating in this
revort have been assigned mumbers which are greater than 100. The reader is
referred to Chapter I of this report for a delineation of symbols.
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Evaporation Correlation Derived on the Basis of the Reynolds Analogy.

The dimensional analysis in Part I indicated that the significant

dimensionless parameters could be presented In the following simplified form:
¥ = ¢(Ry) . (101)

With modeling techniques now known, (R*)ml and (R%)p could not be made
equal., In fact, the ratio of (R*)m to (R%)p is approximately equal bo the
scale ratio which in this study was 1:2000. The problem then existed of find-
ing a sound basis for correlation of N and R% for both model and prototype
where the value of (Ry), was approximately 1/2000 of {R*)p . Reynolds (7)
postulated that an analogy exists between momentum transfer and mass transfer
(evaporation in this case). With this in mind, recourse was made to the
KArmdn extension of the Reynonlds analogy to arrive at a correlati~n between
N and Ry over such a range as to include values of Ry for both model and
prototype.

Briefly, thls correlation was developed in the following manner. The re-
lationship between N and a Reynolds number of the form of R rather than R
is

N = 0CeR . (1L)
In the case of zero longitudinal pressure gradient and turbulent flow with the
presence of a laminar sub=-layer, K&rmén (L) exoresses the Reynolds analogy

between momentum transfer and mass transfer by

é=6%+5(-§;)%3¢-1+2.303 log[l-*'%(a'- 1)]2. (12)

In the case of zero longitudinal pressure gradient and corpletely turbulent

flow with no laminar sub-layer, the analogy between momentum transfer and mass

transfer may be expressed as
Cr

=5 . (13)

The drag coefficient Cp has been evaluated in terms of R and other measur-

Ce

able variables for flow over solld boundaries, The application of appropriate

1 The subscript m and p refer to the model and prototype respectively.
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velocity distribution laws permitted the expression of R 1in terms of R, .
An evaluation of several variables based on model and prototype conditions
completed the work necessary to express N of Eq. 1l as a function of Ry
for various ranges of R, and for different surface roughnesses. The rela-
tionships between N and R; evolved in this fashion are as follows:

Case I -- Smooth Boundary -- 103 £ Ry £ 105

1_5.99 _ 3.61 (22a)

N 8 o
(Rye) /9 Ry

Case II -- Smooth Boundary =-- Ry 2 105

% = Qnglz [u.68 (1.19L + log Rs)2-6L

- 8.70 (1.194 + log R.;g.)1-32:| (24a)
Case IIT -- Rough Boundary -- Ry = 105

N = 0,0546 Ry . (26a)
The following data were available for testing the validity of the Karman
extension of Reynolds analogy:
1. Experimental data of Albertson (1),
2. Lake Hefner Model data collected in 1952 (3),
3. Approximation of the empirical Lake Hefner prototype
equation (3) and (13)
N = 0,0203 Ry , (27)
lj. Individual values of 1 versus Ry for the prototype data,
These data along with Eqs. 22a, 2lja, 26a, and 27 are presented in Fig. l.
This brief review of the 1952 analysis and results is presented in the
way of background material for that which follows.

Evaporation Correlation Based on the Theory of 0. G. Sutton (10).

Dimensional analysis, the Reynolds analogy, and experimental results have
shown that an evaporation coefficient defined by N 1is dependent primarily
upon the parameter Ry . As indicated in the preceding paragraphs, the

Reynolds analogy furnishes a basis to correlate N and Ry for both the model
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and prototype. Another approach to the comparison of N and Ry for the

model and prototype is through the work of 0. G. Sutton (10).

In brief, the equations of evaporation from a smooth surface using the

approach of Sutton are based upon the following reasoning:

1.

2.

The exchange coefficient A(z) 1is given by

%o
p?.r"'?f Rg d& (102)
o
where the correlation coefficient
§ - Wi(E) w (L F &) . (103)
w'a

Bars indicate time averages.

The correlation coefficient is defined by Sutton to be of the form

» n
Rg =(W) (104)
vV 4 W’Z
where
O<n<1,

Using the mixing length theory

™ =2 |23 (105)
and 21U
- 19zl B

L=k, 82’0‘2! (106)
o z

The distribution of eddy velocities is Maxwelliang

therefore
w? =23 7w (u])?. (107)

From the foregoing relationships and taking k, = 0.lf, Sutton arrived at
the result that

31-n
.22, (;'a%';)) -

A{z) =
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gsince A(z) = PWZ . Upon assuming that the variation of mean velocity with

height follows a power law, that is

1
- 2
U(z) = Uy (ZI)q (109)
and that
U
A(z) 37 = constant, (110)
1l Dbecomes n and
4 2-n . 2(1-n
1-n l=n_l-n U, +=n -n
A(z);-‘(o-zsn (2on) TR Joum L (2 (111)
(1-n) (Zn_a)Z(l—n) Zln-l 1

If the exchange coefficients for mass and momentum transfer are considered

equal,

2CA _ 1 o 2Cp
U(z) -5—; = -(3- =Y Alz) 3z (112)

can be solved when U(z) and A(z) are evaluated through Eqs, 109 and 111.
The result is an expression for CA(x,z) which, when integrated over a circu-

lar area of radius r, (2:10), gives the total rate of evaporation as

2-n  Lin
Ey(ry) = 61 U320 p 20 (113)
where 2
3on [ (22
— 2 2-n Jm r1(2+n)
Gt =¢ 8+3n ’ (114)
f‘( +2n)
2-n 2 _-n?
24n Bam -
_ 2+n 24n 2% 2 \ _24n_b-n
G = AC(Z_n (2“) sin (2+n P(2+n) 2 Mzq , (115)
1 n(n-1)
T . 2 1-n -n 1- 2-
_ (F x°) (2-m)t ™ 1™ gm o, 27D
a = 9 (116)
(1-n)(2=2n)1-n
and

AC:CO"‘GA.
Before Et(ro) may be expressed in terms of Ry , the shear velocity must be

introduced to replace Uq . Since
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2U

T, = A(2) 5% (117)
and
1-n n 2-n
(1-n)(2n-n)2=20 (o.n)n 21"
Eg U.;:.ro)z"'n
AT o = F(n, k,) Py (119)
where
l-n n 2-2n i
2+n 2+n 2+n 2+n
t - v - -
Fin,k,) = G! (1l-n) (2n-2) (2~n) (120)
-n? on 2n(n-1)

Ac z 4?5 FE (2+n) (2-n)

21

If one assumes that F(n,ko) is the same for model and prototype, then

2
- [(Be)p
, Nm[(R*)m] (121)

The assumption that F(n,k,) 1is equal for model and prototype implies
that the wind structure is similar in both cases and also that the prototype
surface may be considered smooth.

Eq. 121 indicates that one model measurement carried out under conditions
such that g = I would be sufficient to evaluate Nb over the range of

(R.;:.)p for which gq = = constant.

94

The 1937 Evaporation Equation of H. U. Sverdrup (11).

In an attempt to obtain additional correlations between N and Ry ,
the evaporation equation proposed in 1937 by H, U. Sverdrup (11) which gave a
good approximation to the Lake Hefner prototype data (13:65) was examined.

The equation by Sverdrup (11:13) may be written as follows in the notation

consistent with that of this report:

E = 0.623 Y(ep-03) ] (122)

Pa 1 1 (z + zo) + S
n e —————- — ———
koUg '+ zo Vs
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and Y
z, = Tp7 respectively, (129)

Eq. 122 reduces to

N (130)

_ R
" 2.5 1n(0.01832 3%739 + 0.00932) + 6.9
Egs. 128 and 129 are based upon the work of Nikuradse (6) and give the
following apparent improvements:
1. 2, will be positive instead of negative,
2. The exchange coefficient A(z) at z = §' becomes L.6L v
instead of v,
Since the surface of the model may be considered to be hydrodynamically
smooth, one might anticipate that Eqs. 127 and 130 are applicable to the model,

Application of Egq. 122 to a rough surface. When the surface is rough,

Sverdrup suggested that 2z, be considered equal to 0.6 cm and §' be evalu-
ated through Eq. 123, When 2z of Eq, 122 is considered to be equal to

( Sv)ave. which is evaluated through Eq. 126, (the authors modification of the

work of Sverdrup), Eq. 122 becomes

Ry
0. 1275, 0.06 g (131)
Ry VA
2.5 1n 1§'+ 0.06 + 18

Re " /X

where o/A 1is to be measured in meters.

If the prototype lake surface is considered rough (13:&9), one might

expect Eq. 131 to coincide with the prototype results.
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positions upstream from the modeled lake so as to disturb the wind sbtructure

over the modeled lake,

Testing Procedures

The procedures followed in gathering data for the 1953 Testing Program
were similar to those f lowed during the 1952 Testing Program. In brief these
consisted of:

a. Taking temperature data at various times and places in and
about the model,
b. Measuring btrmperature, humidity, and velocity profiles
above various locations on the model,
c. Measuring the ambient air temperature, humidity, and
velocity at various times, and
d. Measuring the amount of water evaporated from the model.
A summary of the model data collected during the 1953 Testing Program appears
in Appendix B. The detailed data are presented in Appendix D.

Transformation of Data

As a result of the work grouped under what might be termed the 1953 Test-
ing Program, additional correlations between N and R, besides those stem-
ming directly from the 1953 testing were derived on the basis of other evapo-
ration investigations. The methods used in analyzing and interpreting these
data were for the most part the same as those used for the 1952 data. These
methods are explained in detail in Part I. This section will be devoted to a
brief description of changes in the methods of analysis. These sane changes
are described in detail in Appendix C of this report,

Shear Velocity

During the course of the work under what is termed the 1952 Testing
Program, the shear velocity U, was obtained by the use of the Prandtl-

Kérmén relationship for wind structurej namely,
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ﬁrl: 5.75 log = - (1)
This same procedure of evaluating U, was followed in working with the 1953
data to determine the effect of wind direction on evaporation when no barrier
was placed upstream from the modeled lake., This method of computing U, was
found to be satisfactory when an upstream barrier was not placed in the btunnel;
however, when an obstruction was placed in the tunnel, the velocity profile
data downstream from the obstruction indicated that the wind structure was so
modified that Eq. 1 was no longer valid, Fig. 5. Therefore, another method of
determining U, was resorted to so that Uy for obstructed flow would cor-
respond to that for flow without a barrier present. The authors assumed that
the shear, and therefore the shear velocity, would have a particular value for
each ambient tunnel velocity, Upp . A relationship between TU; at Sta, 6

and Upp was developed far the condition when no barrier was present, Fig. 6.
This relationship was based on an evaluation of the loss in the momentum of the
air stream due to the boundary drag at the various velocities when a barrier
was not placed in the wind tunnel., Details of this procedure are presented in
Appendix C.

The object of referencing the barrier evaporation data to a Uy based on
unobstructed air flow was to lsolate the total effect upon evaporation rates
which the barriers might cause -- the total effect being a result of a com-
bination of changed shear velocity at the reference station and a changed shear
velocity distribution over the lake for the same ambient velocity which existed
with no barrier present., Comparison of evaporation data obtained with and with-
out barriers should then reveal any significant effects, Since the relation-
ship of Fig. 6 had to be developed for the barriers, 1t was found to be advan-
tageous and convenient to determine Uy, for all of the 1952 and 1953 data
through the use of the correlation between Uy and Upp depicted in Fig. 6.
1953 Model Data

The data collected during the 1953 Testing Program were in such a form

that the parameters N and Ry were easlly evaluated, The reader is referred
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2
to Part I (3) for details of the methods. These data are summarized in

Appendix B and presented in detall in Appendix D,
Data of Rohwer (8)

In order to check the Reynolds analogy approach for the range R, between
values covered by the Lake Hefner model data and prototype data, certain data
were selected from those collected by Rohwer in 1926 and 1927. This check was
made possible through the courtesy of Mr. Rohwer in making avallable the orig-
inal data of his early work.

Rohwer's data were collected for a circular tank 84,8 ft in diameter and
6.66 £t in depth. All points obtained from the data were calculated with ele~-
ments averaged over a 6-hr period. Periods representing all parts of the day
were used with no systematic deviations appearing for any particular part of
the day.

The variables comprising N and Ry were evaluated in the following
manner:

E -~ The amount of evaporation per unit area per unit time was obtained
by first taking the difference In readings at the beginning and end
of a periodfor each of four micrometer hook gages placed symmetri-
cally about the periphery of the tank, The four differences for a
given period were then averaged to obtaln the water surface drop.
Thils drop == measured to the nearest 0,001 in., =~ was then divided
by the length of the period.

AC == The value of co was obtained through a consideration of the water
surface temperature measured by means of a mercurial thermometer
held with the bulb % in., under the surface and the entire thermom-
eter shielded from direct sunlight. Air temperature and humidity
were measured above the water surfaces of the 8.8 ft diameter tank
and three evaporation pans of conventional size and shape. These
latter measurements were accomplished by means of an aspirating
psychrometer which drew air through a rubber tube having its open

end about 1 in, from the water surface. The four sets of readings
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differed and that pair giving the greatest temperature difference
was used in evaluating Cp o The thermometer pair yielding this
condition was usually the upwind installation,

ve =~ The value of ¥, was obtained from tables using the mean ambient
alr temperature of the period and a barometric pressure of 25.0 in.
of mercury.

Uy -~ The shear veloclty was calculated from mean velocity readings at two
elsvations by assuming a logarithmic relationship and a KéArmén
constant of 0.lj. The velocity for the higher elevation was taken
from the data for an anemometer 2,5 ft above the ground (bridge
anemometer) and mean values of the velocity were obtained from read-
ings taken at the beginning and end of the period which gave the
miles of wind passing during that period. Each mean velocity was
corrected according to the correction table for li-cup anemometers
given in Ref. 12, The lower veloclty was taken as the ground veloc~
ity at a height of 0.25 ft and was considered to be that velocity
determined through use of Fig. 9 in Ref, 8:49 and the higher level
velocity.

WA -~ Since the evaporation took place from a circular area having a con=-
stant diameter of 84.8 ft, the variable WA 1likewise had a constant
value of 75.3 ft.

These data are presented in Appendix B,

Sutton's Evaporation Equation (10)

A correlation between N and Ry 1In the model data range of R, was
obtained by the use of Eq. 119 of Sutton's work. However, before an attempt
was made to apply this equation, it was necessary to select a representative
value of n for the model. After plotting vertical velocity profiles using
log=log coordinates for the range of ambient velocities encountered in the
model, the conclusion was reached that the exponent q of Eq. 109 varied from

3 at the lowest velocities to about 6.5 at the highest velocities. The median
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value of q for the model tests corresponded to about a value of 6 which made
n=2

7 .

When the foregoling value for n was adopted and k, was set equal

to 0.l4, Eq. 119 as herein applied to the model reduced to
7

——

N = 0,220 RS (132)
where ¥ = 0.6 ¥, and r, =£A- was introduced.

In order to check the indicated correlation between model and prototyve
data given by Eq. 121, a value of n common to a model test and the prototype
conditions was determined., TFrom the measurements at Lake Hefner (13363), the
range of q for the prototype was from 5.72 to 6,66. A value of q = 6 seemw
ed to be representative. When a valve of q equal to 6 was considered repre-
sentative of both model and prototype conditions and substituted into Eq. 121,

there resulted the expression
3
(Ret)p
Np = N v (133)
P = T [(Res)m

Eq. 133 may be reduced to compubational form by selecting a set of co-
ordinates (R““m » Ny) for which q 1is approximately 6. Analysis of the
data indicated that the value of q for the middle of the range of Rs for
the model is approximately 6. When the model coordinates, Ry = 7x103 and
N = 5.6x10° based on Fig. L, were selected, Eq. 133 became

&
Np = 0.243 Ry D . (131)

Sverdrup's Work of 1937 (11)

In Chapter II the steps necessary to put the work of Sverdrup into the
dimensionless parameters, N and Ry, , were indicated. The results of those
transformations, Egs. 127 and 130 for a smooth boundary (model) and Eq. 131

for a rough boundary (prototype), are in suitable form for comparison purposes,



Chapter IV
PRESENTATION AND DISCUSSION OF RESULTS OF THE 1953
TESTING PROGRAM

The object of the 1953 Testing Program was to supplement the data gathered
during the 1952 Testing Program. This supplementary information pertains to
the effect of upstream barriers on evaporation, the effect of the dam on evapo-
ration from the model of Lake Hefner, and the work and data of other investiga-
tors which might indicate the applicabillity of the Karmédn extension of the
Reynolds analogy to evaporation as presented in Chapter II. This Chapter is

devoted to a discussion of the results of the experiments conducted during the

1953 Testing Program.

Shear Veloci ty

As indicated in Chapter III the shear velocity was computed on the basls
of both Eq. 1 and the loss of momentum. This was necessitated by the consider-
ation of the barrier effects., The final results will all be presented in terms

of U computed on the basis of the loss of momentum.

S
"

Upstream Barrier Effect on Evaporation

Mountains surround many lakes and reservoirs and the effect of these topo-~
graphic features on evaporation rates is not fully understond. In a wind tun-
nel where conditions can be controlled, the effect of obstructions can be
measured. Therefore, it was decided to place an obstruction upstream from the
model and measure the effect of this structure on evaporation rates, If the
barrier affected the evaporation rates in a gystematic fashion for various
sizes and positions of the barrier, then additional work regarding model and
prototype correlations could be undertaken to determine in more detail the efw

fects of these obstructions on evaporation rates. The object of these tests on

the Lake Hefner model were strictly of an exploratory nature,

27
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In order to investigate the effect of upstream barriers on the rates of
evaporation from the model, two barriers were adopted: one was 13 in., high
and the other was 3 in, high., These barriers corresvonded to prototype heights
of 250 £t and 500 ft respectively and were placed on the dam and at various
distances upstrecam from the dam, It should be remembered that the shear velo-
cities used for comparison purposes of the barrier data were based on the rela-
tionship depicted in Fig, 6, Chapter III.

The effect of the 1i=-1in., barrier on evaporation is indicated in Fig. 7.
The data group well about Eq. 22a, except in the viecinity of R, equal bto
3.2x103 where the data are slightly above the line. The effect of the 3~in,
barrier on evaporation is indicated in Fig. 8 and the mamner of grouping of
these data is the same as that for the 1Z=-in., barrier. The data for both the
13-in, and 3~-in. barriers are plotted in Fig. 9.

The small difference between the barrier data and Eq. 22a, Fig. 9, in the
vieinity of R, equal to 3.2x103 might be explained by a consideration of the
range of Ry under which the tests were conducted. As indicated in Fig., 22,
Appendix C, the conditions under which some of the tests were conducted typi-
fied the transition zone between laminar flow and turbulent flow where 1t is
possible to have laminar flow, turbulent flow, or a type of flow that can not
be described as either. Within this region one might expect some of the re-
sults to differ from those for completely turbulent conditions.

Lake Hefner model data collected at the lower wind velocities are as-
sociated with the lower values of Ry and occupy the transition zone between
laminar and turbulent flow. Therefore, the slight deviation from Eq, 22a of
the data in Fig. 9 at the lower values of R, may be expected and hence,
dismissed because of non-conformity with the assumptions used in the deriva=~
tion of Eq. 22a., Eq, 22a was derived on the basis of a fully-developed turbu=~
lent boundary layer above a smooth surface,

On the basis of Fig. 9, one can say that there does not appear to be any

significant difference between cither the data for the 1i-in. barrier and those
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for the 3-in, barrier or between the barrier data and Eq. 22a., Therefore,

Bq. 22a may be considered as representative of the model data when an upstream
barrier is present, The reader is reminded that Eq. 22a was also found to be
representative of the 1952 model data, Fig. L.

The lack of barrier effect on evaporation rates might be explained in
light of the effect of the barrier on the wind structure. Separation occurs
at the top edge of the barriers and this induces lincreased turbulence in the
downwind air stream, The work of Maisel and Sherwood (5) indicates that in-
creased evaporatlon accompanies increased turbulence intensity. Therefore, one
might expect increased rates of evaporation as a result of the introduction of
the barrier upstream from the model,

Fig. 5 of Chapter III indicates that zones of stagnation and a region of
reduced velocity can be found immediately downstream from the barrier, By this
action, the effect of the barrier would be to reduce the amount of evaporation
from certain areas, Therefore, as a result of the presence of a barrier, two
opposing effects on the wind structure are occurring similtaneously; one tends
to increase the evaporation, and the other tends to decrease the evaporation.
Data gathered during the course of this investigation indicate that the two ef-
fects cancel each other,

Best-fit lines were determined by the method of least squares for all of
the model data. The data for 1952 were considered to be representative of non-
barrier conditions. The data for 1953 were obtained with the 3/l-in., model dam
upwind from the lake which may be thought of as a barrier; amplification of the
data for 1953 can be found in the following paragraphs. The li~in. and 3-in.
barriers were studied to determine the influence of higher barriers upwind from
the evaporation surface. The best-fit lines for these data did not vary con-
sistently with the height of the barrier. In fact, all differences were within
the scatter of experimental error., Therefore, Eq, 22a was considered to be
satisfactorily representative of all the data obtained with the barriers in

place.
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The barriers affected the results in such a fashion as to eliminate some
of the scatter of the data. This is in all likelihood due to the more com-

pletely developed turbulent boundary layer caused by the barrier.

Effect of Wind Direction on Evaporation

from the Model
The air blown over the model simulated a south wind during the 1952 Test=-
ing Program. One of the objectives of the 1953 Testing Program was to deter-
mine if the change in direction of the wind from the south to the north would

have any effect on the correlations between N and R

o

.o

The correlation between N and Ry might be altered by a change in the
wind direction because of two effects, First, the character of the approach
terrain may differ for various wind directions in which case, the air pattern
over the modeled lake might not be the same, Second, the maximum distance
across the modeled lake normal to the direction of the wind might vary with
different wind directions. With regard to approach terrain, the 180° change in
wind direction is the severest that can be brought about with the Lake Hefner
model because the terrain approaching the lake from the south is relatively
flat with no abrupt changes in ground slope while the slope of the terrain ap-
proaching the lake from the north is suddenly broken by an earth dam, 70 ft
high., This dam impounds the water of Lake Hefner, Therefore, if a change of
wind direction were to have any effect on the evaporation, one might anticipate
a systematic deviation between the results for a south wind and a north wind.
South Wind

The results of the 1952 Testing Program, during which the wind was from
the south, are presented in Fig. 10. The shear velocity Uy for the data pre-
sented in Fig. 10 was computed on the basis of the Prandtl-Karmin equation,
Eq. 1. These same data recomputed on the basis of change of momentum considera-
tions are presented in Fig. 11, A review of both Figs. 10 and 11 indicates
that the scatter of the data computed through loss of momentum considerations

is less than that through Eq. 1. At the lower values of Rs , Fig. 11, the



DIOP IGE| — UOHONbS UPUIDY-|1PUBI] U0 PASEq *Y YM N O uoyDLIE)]

o/t

9 n#m\
o ’ s ¥ T4 g 9 L4 g oo
o y. -4
%
pUuim 4inog
porsd bursel 256/ \
\\o\ »
o oV
o 7
A |°°
o s /P | ’
g
/N
/ pezby 0/

34




35

OYOP 2G6/(—— UOHD(24 lunpustow Uo paspq *Y YLmM N jo uoyoiiLy ) 614

o/
£ 20/

pUIm ypnog
por4ad buiysal 2s6/

o,
17

\O

A

A
/S p22b3

"

£0/




GIop £G6/ —— UOILO[a4 wnjudUo U0 paspq ¥y yyM N 0 uoyous) 2/ bl

—
» 2 § g »0! g 9 £0/
20/
Oo
2
PUIM  Yi0N ﬁ\
porssd buyss) £cey o A

A% ‘
o o *FQ 4 [ |
° |y N

P fe)
Craa w
Mww b3 d

g0/

36












Lo
the shape of the modeled lake will not affect the rates of evaporation under
different wind directions.

Since change of shape can be dismissed, so far as the model is concerned,
as a factor Influencing the rates of evaporation, the similarity of results
for a north wind and for a south wind implies that either the dam in the model
had 1little effect on the shear velocity or the shear velocity was increased in
one region and decreased in another In a compensating fashion such that the
combined effects cancelled each other,

As a result of this study, it may be concluded that the rates of evapora-
tion from the model were the same for both north and south winds, Furthermore,
since the ratio of the dam height to the distance across the lake is nearly
1/100, it is reasonable to assume that the effect of the prototype dam is also
negligible,

Data and Equations Comparable with the

Reynolds Analogy

In Fig. l, Chapter II, no supporting experimental data are shown for the
Kédrmin extension of the Reynolds analory for the range of R, from 2x10k
to 3x107 . Since it was Impossible to secure data from the ILake Hefner model
in this range of R, , an effort was made to secure experimental data from other
sources to check this range., A set of data useful for this purpose is that
obtained by Rohwer (8).

The theoretical work of Sutton (10) and of Sverdrup (1ll) were also ana-
lyzed in an endeavor to obtain correlations between N and R, based upon
the respective theories, The works of Rohwer, Sutton, and Sverdrup are com=-
pared with the Lake Hefner Model Studies results through Figs. 15, 16, and 17.
Fig. 15 includes only the model data range of R, . Fig. 16 encompasses that

range of R which is between that for the model and that for the prototype.

3%
Fig. 17 shows the variation of N far high values of R, and includes pro-

totype data.
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Data of Rohwer (8)

As explained in Chapter III certain data collected by Rohwer were used to
obtain experimental results at values of Ry between those for the model and
prototype, Fig. 16. The general trend of these data follow rather well the
prediction of Eq. 22a although they fall slightly above it. The agreement
seems significant, however, when the meagerness of the information used to
obtain Uy 1s considered. In addition, the location at which the humidity
was measured tends to give values of the amblent vapor concentration which are
too large. This results in AC being too small which in turn causes N to
be too large.

In the opinion of the authors, the data obtained from the studies of
Rohwer confirm the applicability of Eq. 22a as a semiwempirical relationship
for predicting evaporation rates when the meteorological elements and water
surface temperature are known or estimated.

Sutton's Evaporation Equation (10)

Eq. 119 of Sutton was gpplied only to the conditilons characteristiec of the
model in an endeavor to evolve a correlation between N and R, which would
be valid for the model range of R, . The result was Eq. 132, Fig. 15. The
slope given by Eq. 132 agrees very well with that of Eq. 22a but for a glven
value of Ry , the value of N 1s slightly small.,

The work of Sutton was also used to develop a model-prototype relation-
ship which is given by Eq. 133. By applyling a set of characteristic values
of ¥ and R, for the model to Eq. 133, Eq. 134 was developed which is in-
tended to be representative of prototype condltions. An examination of Fig., 17
indicates that Eq. 13l represents the prototype data almost as well as Eq. 22a,
As in the case of Eq. 22a, the deviation of Eq. 13l from Eq. 27 does not seem
excesslive when the scatter of daily prototype date 1s examlned, Fig. 17.

Eq. 134 is also shown in Fig, 16 with the data of Rohwer. As can be observed,
Eq. 134 represents the data of Rohwer as well as Eq. 22a. In view of this
asgreement with the prototype data and Rohwerts data, Eq. 133 appears to give a
practical model~prototype relationship, Further refinement does not seem
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possible until more information becomes available on the drag over large water
surfaces and on the effect of vertical temperature gradients in the atmosphere
upon drag.

The 1937 Equation of Sverdrup (11)

This work of Sverdrup 1s applicable to both smooth and rough surfaces.
BEach type of surface will be treated in turn,
Application to a Smooth Surface (Model). In Chapter II the steps neces-

sary to transform Sverdrup's 1937 equation, Eq. 122, to a form containing N
and Ry, for a smooth surface were outlined. The result was Eq. 127 which may
be conslidered applicable to the model of Lake Hefner. In Fig. 15, Eq. 127 is
plotted along with Eq. 22a. The equation gives values of N which are much
too small, One reason for this tendency appears to be the large value assumed
for & as given by Eq. 123.

In an attempt to improve the results of Sverdrup's equation when applied
to the model, §' and 2z, were assumed to be represented by Egs. 128 and
129 respectively, The result, Eq. 130, is also plotted on Fig. 15. The agree-
ment with Eq., 22a «- a representation of the model data =« is much improved
over that of Eq. 127,

Application to a Rough Surface (Prototype). The steps necessary to place

Eq. 122 in a form consistent with this report and to make it apvlicable to a
rough surface were outlined in Chapter II. The result was Eq. 131 which might
be conslidered to be applicable to the prototype since thls equation is for a
rough surface. The graph of Eq. 131 is plotted in Flg. 17 and falls somewhat
above but parallel to the curve given by Eq. 27 which indicates that the agree-
ment between Sverdrup's modifled equation, Eq. 131, and the prototype data is
not very good. Although during the Lake Hefner prototype study (13), the
agreement between this work of Sverdrup and the prototype data was found to be
good., This difference in agreement as found during this study and during the
actual Lake Hefner prototype study appears to be due to the determination of
the height 2z at which C, 1s measured,
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An interesting result 1s obtained if Eq. 130 which was derived for a
smooth surface and considered applicable only to the model range of R, is
extended to the prototype range of Ry . An examination of Fig. 17 discloses
that Eq. 130 gives results which are similar to those given by Eq. 131 although
the former was derived for a smooth surface only.

Application of Eq. 122. As interpreted herein, Sverdrupt!s equation,
Eq. 122, in the modified form of Eqs. 127 and 131 does not yield results as
closely in agreement with experimental data for both the model and the proto-
type as does the semi-empirical equation, Eq. 22a.



Chapter V
SUMMARY OF THE RESULTS AND APPLICATION
OF THE LAKE HEFNER MODEL STUDY

The results of the Lake Hefner model study are presented in two reports -~
Parts I and II of the Final Report. Part I of the Final Report covered only
the results of the 1952 Testing Program. This report, Part II, covers the work
performed under what is termed the 1953 Testing Program. Also, since nothing
has been said as yet with regard to the significance and application of either
the 1952 or 1953 results, this Chapter is devoted to a review of the results
of the entire study and an attempt is made to indicate the importance of the
findings and how they may be applied, The objectives of this study, wind

structure and evaporation, will be treated in turn.

Wind Structure

The model and prototype wind structures will be compared on the basis of
Figs. 1 and 2, Chapter II. These figures are based on only the 1952 dataj
however, the 1953 data confirm these results.

Fig. 1 -- Prototype Data

A review of Fig. 1 indicates that the prototype data for the 1ll} specially
selected profiles are dispersed along the Prandtl-Kérmén wind structure
relationship, Eq. 1, in four groups. The data plot in four general groups be-
cause the velocity of the wind was measured at four different elevations and
these elevations were the same for each velocity profile, Since the relation-
ship between U, , U, , 2 , and z, as expressed by Eq. 1 was used in ascer-
taining 2z, and U, , the data should fall near the line representing Eq. 1.

Fig. 1 indicates that the model data may be grouped as follows:

L7
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N
N

First range - 1 102 ,

3
no N

Second range - 102 = £ 103 ,

Z
Third range - 103 = E% .

The data comprising the first range may be considered to be those for the
lower portion of the boundary layer; that is, the portion usually below 0.1 in.
In this region, the points from the various profiles have been joined by lines
which become tangent to the line representing Eq. 1. For cases of relatively
large ambient veloclty, these lines become tangent to Eq. 1 at a value of
z/zo of spproximately 107. This fact is significant because it agrees with
the empirical relationship between 2z, and §' which has been derived by
other investigators. In some cases, these lines become tangent to Eq. 1 at
values of 2z/z, which are less than 107. This deviation from the anticipated
value may be due to inaccurate measurements or to the incomplete development
of the boundary layer.

The data within the second range represent the turbulent portion of the
boundary layer. The model data of Fig. 1 for the turbulent region group well
around the line representing Eq. 1. There exists a certain amount of scatter
but 1t is not excessive. Such a small degree of dispersion Justifies repre-
sentation of the data by an equation having the form of Eq. 1; howsver, the
Kérmén constant of 0.l still remains open to question.

The data comprising the third range is scattered. This scatter may be due
to the presence of a transition zone between the turbulent boundary layer and

the ambient air of low turbulence intensity.
Fig. 1 -- Comparison of Model and Prototype Data.

The prototype date are in good agreement with the relationshin expressed
by Eq. 1. The model data for the turbulent zone of the boundary layer are also
in accord with Eq. 1. The deviations of the model data in the lower range,
1= z/zo £ 102 , are due in part if not altogether to the presence of the lower
portion of the boundary layer where flow may be laminar or turbulent depending
on the operation of the tunnel and air conditions outside of the tunnel, The
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deviations of the model data in the upper range, z/z° > 103 , may be due to
instrumentation or a transition zone between the turbulent boundary layer and
the ambient air,

Fig 2 =-- Prototype Data.

The values for the significant parametersof Fig, 2 were taken from the 1l
profiles (see Part I) of the prototype data for Sta. 2. All but one of the
profiles were for adiabatic conditions. The points representing the 1l pro-
files do not fall on one line as might be hoped for.

Fig. 2 =- Model Data.

The data of the 29 tests run during the 1952 Testing Program, irrespective
of the station at which the velocity profile was measured, are represented in
this figure. The data for each of the L, stations have been given a separate
symbol. A review of the data for each station indicates that there is no mark-
ed difference between the relationship of U52.5 and U, for each of the sta-
tions and therefore these model data may be treated as a grrup., When these
data are treated as a group, a single line may be used to aporoximate the data.

Fig. 2 -- Comparison of Model and Prototype Data.

A straight line may be drawn through the points representing both model
and prototype data, A curved line was drawn through these points in Part I,
However, a least squares analysis of the data and consideration of the vari-
ability in model and prototype characteristics upwind of the lake indicate that
a straight line 1s a better representation of the data, The indicated correla-
tion between U, and Uga, 5 at homologous points in the model and prototype
which differ in absolute elevation by the scale factor of 2000, shows that an
approximate modeling of the prototyve wind structure has been effected.

The feasibility of modeling wind structure may be brought out by the fol-
lowing analysis, When the Reynolds number is used as the criteria for wind
structure similarity between model and prototype, the following relationships

can be evolved:
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Inertia Forces
Viscous Forces

L

R = ’

-5, (28)

2
R, =(—‘-Im) , (29)

Ub 2
R, =(.ﬁ__;) , (30)

For dynamical similarity between model and prototype Ry should equal Rp ;

therefore, the following relationship should be satisfied --

T
T Uss
o Usip

An examination of Fig. 2 shows that the model and prototype data indeed approx-

imate the relationship

U,
ﬁgl = ﬁél = constant,
* ’A‘In 'n’_p

In accepting the results of Figs., 1 and 2, one should bear in mind the
restricted nature of the date presented. The similarity of results for model
and prototype is applicable in the model only in the turbulent portion of the
boundary layer above the lamlinar sub-layer. Also, the prototype wind structure
was modeled for the condition of a rather flat terrain and adiabatic lapse
rates.

An unsuccessful attempt was made to corroborate the "apparent" agreement
between actual data and Eq. 31 as depicted in Fig., 2. This endeavor was based
on the application of boundary layer equations t~ the conditions existing at
the model and prototype, Several sources of uncertainty were encountered which

may account in part, if not entirely, for this lack of success. First, the
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The evaporation rates for the north and scuth winds are very similar
and no systematic deviation of results can be attributed to the different wind
directions.

With regard to the shape of the model, an inspection of the modeled lake
outline indicates that the shape of Lake Hefner can be approximated by a circle,
This being the case, the exposure of the evaporatlon surface to the apnroaching
wind will be the same regardless of the wind direction. Since in the case of
the Lake Hefner model, shape can be eliminated as a factor influencing the rate
of evaporation from the model, the similar results for the north and south
winds tend to indicate that the modeled dam had a negligible effect on the
average rate of evaporation from the model. Because of the large Reynolds
number difference for model and prototype, a direct evaluation of prototype dam
effects from the model result does not appear justified. However, since the
ratio of dam height to lake length is nearly 1/100, one is justified to infer
that the prototype dam effects are negligible.

During the 1953 Testing Program two sizes of upstream barriers were placed
in the tunnel in order to study the effect that they might have on the rate of
evaporation, These barriers were made of sheet metal and extended the width of
the tunnel. One barrier was 1% in. high and the other was 3 in. high, These
barriers were placed at various positions upstream from the modeled lake., Nei-
ther barrier at any of the positions seems to have any effect on the overall
rate of evaporation, The authors believe that the barriers probably reduced
the evaporation over a portion of the evaporation surface and increased the
evaporation from some other area with a negligible net effect. Since the scale
used in modeling Lake Hefner was 1:2000, the 1i~in, barrier represents an
abrupt rise and fall in the terrain of 250 ft; the 3-in, barrier represents a
500 ft rise in terrain. This tends to imply that had the terrain around Lake
Hefner been made up of mountains 250 and 500 ft high the evaporation results
from a 1:2000 scaled model of this terrain would not have been significantly

different from those for the same modeled lake having flat surrounding terrain.
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The authors believe that the advisabllity of modeling the terrain depends
on the magnitude of the changes of elevation of the terrain, the position of
the changes of elevation with regard to the body of water, and the size and
shdpe of the body of water, In the case of Lake Hefner, the authors believe
that the vertical changes of elevation were not significant,

Reynolds Analozy and Comparable Data and Lquations.

This section of Chapter V is devoted to a brief discussion of the Reynolds
analogy and comparable data and equations. ZEach will be discussed in turn.,

Reynolds Analogy. As Indicated in the theoretical analysis, correlation

of the evaporation between model and prototype is possible. But a direct com-
parison of evaporation from the model and the prototype on the basis of

(Ry)m = (R*)p is not possible because of the difference in the values of R,
for the model and the prototype. This difference can be attributed for the
most part to the scale used in this study.

A considerable amount of data concerning momentum transfer has been gather-
ed for a wide range of Reynolds number, Based on the Reynolds analogy between
mass and momentum transfer, it seemed reasonable therefore, that if the proper
interpretation were given to these data, they could be extended to vapor trans-
fer (evaporation). If this were possible, then the model data might be ex-
pected to follow this extension within their range of Reynolds number and the
prototype data might also be expected to agree with this extension within their
range of Reynolds number. If such agreement were verified, then the Reynolds
analogy based on momentum transfer, could be used to predict evaporation rates.
This is the approach which was adopted in the correlation of model and proto-
type evaporation,

As 1ndicated in Chapter II the significant variables concerning evapora-
tion can be grouped into the dimensionless parameters N and R;. « Through
use of momentum transfer data and Kdrmin's extension of Reynnlds analogy,

and pertinent prototype and model data, Eqs. 22a, 2la,and 26a were obtained,
These relationships between N and Ry are presented graphically in Figs, 15,
16, and 17.
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Comparable Data, In order to ascertaln the validity of this application

of the Kirmén extension of the Reynolds analogy to evaporation, the following
sources of evaporation data were consulted:
1. Albertsonts data (1).
a. Individual values of N versus R, .

2. Lake Hefner model data -- 1952 and 1953,
a, Individual values of N versus R, .

3. Rohwer!s evaporation data (8) .
a. Individual values of N versus R, .

L. Lake Hefner prototype data.
a. Empirical evaporation equation based on Eq, 58 in Ref. 13:65

N = 0.0203 R, , (27)
b. Indlvidual values of N versus R, .
These data are also presented in Figs, 15, 16, and 17.

The range of the Kdrmén extension of the Reynolds analogy presented in
Fig. 15 commences at Ry ® 103 ., Some of Albertson's data are equal to and
greater than this value of R, in which reglon the agreement between the
data and Kdrmén's extension of Reynolds analogy, Eq. 22a, is good. The
K&rmin extension of the Reynolds analogy extrapolated to R, = 6x102 1s
still in good agreement with Albertson's data. Therefore the data of
Albertson tend to substantiate Karman's extension of Reynolds analogy for
values of R, equal to about 103,

The Lake Hefner model data for 1952 and 1953 are in the range of R,
creater than 1x103 and less than 2x10l , Fig. 15 indicates that the agree~-
ment between these data and the Kirmin extension of the Reynolds analogy
represented by Egq. 22a 1is good.

Rohwer!s data shown in Fig. 16 cover the range of R, from 3x10l4 to
3x105 and tend to group slightly above the graph of Eq. 22a. Despite un-
certainties in obtaining U, and AC , the data of Rohwer are signifi-
cantly near to the values predicted by the Karmén extension of Reynolds
analogy as given by Eq. 221.
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The Lake Hefner prototype data may be represented by a modified version of
the empirical equation, Eq. 58, found in Ref., 13:65; that is,

N = 0,0203 Ry . (27)
Fig. 17 indicates that the line for Eq. 27 is above that for a smooth boundary,
Eq. 2La, and below that for a rough boundary, Eq. 26a.

In the range of Ry 107 , Fig., 17 indicates that the extension of the
Reynolds analogy for a smooth surface, Eq, 2la, gives results which are more
nearly comparable to actual data than does the extension for a rough surface,
Eq. 26a., An interesting fact is that Eq. 22a which was derived for a smooth
surface, describes rather well the prototype data when extended to this range
of Rg . The better correlation between N and R, stemming from smooth sur-
face considerations tends to imply that the water surface, although it may
appear rough by the presence of waves, in reality behaves more nearly as though
it were smooth., This statement is not meant to dismiss the water surface
roughness in its entirety but rather is intended to imply that the water sur-
face roughness is not as great as might be imagined from the appearance of the
waves, This may be accounted for, at least in part, by the fact that not only
do the waves travel in the direction of the wind but the water at the surface
also moves in the direction of the wind, If a means were known by which water
surface roughness could be more properly evaluated, then the extension of the
Reynolds analogy might coincide more favorably with actual data, Additional
research must be verformed to correlate the relationships between wind, waves,
and surface drag.

Comparable Equations. The results of the works of 0. G, Sutton (10) and

H. U. Sverdrup (1l1) were examined to determine if they would give satisfactory
correlations between N and Ry .

An important result of the Lake Hefner model study is the deduction of a
model-prototype relationship, Eq. 121, based on the work of 0. G. Sutton (10} .
Applying certain model data to Eq. 121 resulted in a relationship for prototype
behavior, Eq. 13, which gives very favorable results, In the prototype range
of Ry , Eq. 134 gives results which are equally as good as those given by
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values of R, greater than 103 is arbitrary since the near agreement with
prototype data appears more or less colncidental,

Eq. 135, within the designated range of R, , describes well the data of
Albertson, the model data, the data of Rohwer, and the prototype data, Fig. 18,
The authors believe that Eq. 135 will be refined as the understanding of the
interrelationship between velocity distribution, drag, and spray over water
surfaces improves, For the present, Eq, 135 appears to be a simple and yet
adequate approximation of the relationship between N and R,. over the range
of 103 £ R, £ 109 ,

One aspect which may limit the applicability of Eq. 135 is the shape of
the surface from which evaporation takes place, Eq. 135 seems to be satis~
factory for surfaces which may be approximated by a cirecle, The effect of
other shapes on evaporation needs further investigation.

Suggested Application of Eg. 135.

The determination of evaporation through the use of Eq. 135 depends uvon

the evaluation of the variables Uy , /K, v and AC. 1In the sections

o ?
that follow, consideration is given to the evaluation of these variables:
Uy =-- If wind velocity data at an upwind station are available for
two elevations, U, can be determined through the application of
Eq. 1. If the wind velocity 1s measured at only one height upwind,
then the possibility exists of approximating the shear velocity

U

s DY means of the 1/7 - power relationship for velocity distri-

bution,

K -- If the evaporation from a body of water is being considered, the
area is probably known from which =/A can easily be computed,

Ve -- As with the determination of the shear velocity, the kinematic
viscosity v can be evaluated from the ambient upwind air temper-
ature and the barometric pressure. The use of the mean barometric
pressure for the general locality has been found to be satisfactory.

The variable v, can be determined from y through use of the
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Prandtl number ¢ = ¥/v , . 1In this work, the Prandtl number
was considered to be equal to 0.6,

AC -~ The determination of AC is dependent upon the evaluation of
C, and Cp In this study C, was taken as the vapor concen-
tration corresponding to the saturated state at the temperature of
water surface. The water surface temperature measured at the cen=-
ter of the lake was considered to be representative of the average
temperature., The ambient vapor concentration Cp may be evalu-
ated easily with psychrometric readings at an upwind station.

As an illustration of how Eq. 135 may be applied to evaluate evaporation,

the following example 1is cited:

Ug == Wind velocity data are available at two elevations at the upwind
predominant-wind location. The shear velocity as computed through
Eq. 1 is found to be 0.85 ft/sec.

+/E -~ The area of the body of water under investigation is known to be
8.1x107 8q ft. This results in =/ being 9x103 ft.

AC -~ Psychrometric measurements are available from which Cp 1is found
to be 7x10“u1b/ft3, based on an average water surface temperature of
20.3%C; ¢, 1is llxlo'hlb/ft3. The difference between C, and C,,
AC, is thereunon equal to ux10'u1b/ft3.

Ve -- For an average air temperature of 20°C and a barometric pressure of
25 in. of mercury, ¥ is found to be l.";’).pclo")'L ft2/sec. For a
Prandtl number of 0.6, 1, is 3.24x10l} £t2/sec.

e

Based on these values for U, , /A, and v,

5 » By has a value of 2,36x107 .

Then through use of Eq. 135, N is found to be 6.58x105 , and E , therefore,
has a value of 9.u9x10'61b/ft2-sec. When converted to more familiar units, E
is L.62 in./mo or 715 acre~ft/mo (30 day month), This briefly outlines the
method of using Eq. 135 to determine the amount of evaporation.

The authors believe that the evaporation from bodies of water surrounded
by topography of low relief may be determined through Eq. 135. This equation

may be applied to water surfaces varying in area from a few square feet to
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several square miles. The Lake Hefner model and prototype were 25 sq ft and
3.6 sq mi in area respectively.

Investigation of evaporation from bodies of water surrounded by mountain-
ous or hilly terrain needs further study, The irregular nature of mountainous
and hilly terrain sets up complex wind patterns which may be difficult to eval=-
uate for purposes of determining the evaporation through Eq. 135. Also, this
type of terrain is conducive to air convection currents set up by uneven heat-

ing and cooling of the land surfaces which further complicate the problem,



Chapter VI
CONCLUSIONS

Objectives of the Lake Hefner model study were the following:

1.

2.

To determine the relationship between the model and prototype wind

structure,
To determine what correlations might exist between model and proto-

type evaporation,

In the following paragraphs, conclusions drawn from the entire Lake Hefner

model study with regard to the primary objectives of the study are listed and

several recommendations for further study are given,

Wind Structure

The following conclusions which were given in Part I (3) have been further

substantiated by measurements made in the 1953 Testing Program:

1.

2.

The boundary layer above the model was composed of two regions. The
lower region was characterized by two different types of flow. In
some instances the flow was laminar which 1s indicative of flow near a
smooth boundary. In others, the flow was of a type which might be in-
dicative of a boundary layer in a transitional state between that for
a hydrodynamically smooth boundary and that for a hydrodynamically
rough boundary. The upper portion of the boundary layer for both the
model and prototype was turbulent and followed the Prandtl-Karman
equation, Eq. 1. This similarity shows that the prototype wind struc-
ture was modeled (see Fig. 1) for the conditions of a flat terrain and
an adiabatic lapse rate.

The data of Fig. 2 and Eq. 31 indicate that approximate dynamical simi-
larity existed between the model and prototype.

61
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Evaporation

Conclusions regarding evaporation correlations have been drawn after a

study was made of all the Lake Hefner model data, the Lake Hefner prototype

data, Rohwer's data, the work of Sutton, and the 1937 work of Sverdrup. These

conclusions are as follows:

1.

2,

The evaporation coefficient N may be related to a form of Reynolds
number R* for both the model and the prototype.

The Kérm&n extension of Reynolds analogy yields Eg, 22a which re-
presents the Lake Hefner model and prototype data and the data of
Rohwer as well as any other single equation presented in this report.
Eq. 22a has been simplified to Eq. 135, and for all practical purposes
the relationship between N and R, as given by Eq. 135 is the same
as that given by Eq. 22a, Fig, 18, Therefore Eq. 135 may be used to
relate N +to R, for the range =-- 103 = R,, = 109. Eq. 135 appears
to describe rather well the relationship between N and Ry for
areas which are approximately circular in shape. Whether this same
relationship will hold for areas differing markedly from a circular
shape is not known and this information will have to be determined
through further investligations.

Eq. 121, derived from the work of 0. G. Sutton (10), provided a model-
prototype relationship between N and R;, which appears to be valid
for the Lake Hefner model-prototype and Lake Hefner model - Rohwer
systems,

Neither the Eqs. 127 and 130 resulting from Sverdrup's work (11) nor
EqQ. 132 from the work of Sutton (10) relate N to R, for the

Lake Hefner model data as well as does Eq. 22a.

The 180° rotation of the model has no discernible effect upon evapora-
tion from the Lake Hefner model.

Upwind barriers having a height up to 1/20 the lake length have no

effect upon the overall evaporation rate in the model,
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Recommended Investigations

In the course of the Lake Hefner model studles several polints arose which

could not be adequately treated on the basis of information now available.

Because they are important to a more precise treatment of evaporation from

natural bodies of water, they are listed here as subjects for additional in-

vestigation.

1.

In order to avply adequately the Reynolds analogy to natural bodies of
water, reliable information on the relationships between wind, waves,
and surface drag 1s needed., Indications resulting from this study and
some field measurements reported in the literature (9) lead one to
anticipate the possibility of drag over water surfaces being practi-
cally equivalent to drag over a smooth solid boundary.

Before an estimate of evaporation from a planmed reservoir may

be made, using Eq. 135 or the equations of Sverdrup and Sutton, a know-
ledge of the future average water surface temperatures of the planned
reservoir is needed. To make such an estimate before the reservoir
exists requires that more information be obtained on the effects of
latitude, elevation, reservoir depth and climate upon the water sur-
face temperature.

Additional information 1s needed to determine the effects of atmos-
pheric stability or instability caused by vertical temperature gradi-
ents. Thils information is especially needed to accurately predict
short-term evaporation rates.

Information concerning the distribution of water vapor and the effect
of water vapor on turbulence and atmospheric stability is also needed,
The possibility exlsts that some of this information could be obtained
through controlled experiments as might be conducted in a wind tunnel.
Information about the effect of the shape of the surface from which
evaporation takes place is needed. The work herein seems to apply

satisfactorily to surfaces which are approximately circular in shape,
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But nothing can be said with regard to the effect that shape may have
on the relationship depicted by Eq. 135,



1.

2,

3.

L.

5

6.

7.
8.

9.

10.
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Appendix A
DETAILS OF EQUIPMENT AND PROCEDURES

This section of the report is devoted to a presentation of changes in
equipment and procedures from those used and followed during the 1952 Testing
Program., The reader is referred to Part I (3) for a description of the equip-
ment and procedures which is applicable for the most part to the 1953 Testing

Program,

Barriers

During the course of the 1953 Testing Program the effect of two upstream
barriers on the rates of evaporation from the model was investigated. These
barriers were placed on the modeled dam and at various distances upstream., One
barrier was 1% in. high, corresponding to a prototype height of 250 ft and the
other barrier was 3 in, high which corresponded to a prototype height of 500 ft.
Both barriers were made from 16 gage sheet metal and extended the width of the
tunnel. Both barriers had square cornered upper edges. This form of barrier
was adopted so as to insure a lkmowledge of the point of separation as the air
passed over the barrier. Such might not be the case if some streamlined bar-

rier were used.

Anemometry
The hot wire anemometer circuits used during the 1953 Testing Program were
the same in principle but physically different from the one used for the 1952
Testing Program., For the 1953 work, platinum wire 0.001 in. in diameter and
approximately 0.39 in. long was used for the sensing element instead of tung-
sten wire. The platinum wire was found to be sturdier and more durable. Two
anemometer circuits were used which eliminated the switching which was neces=-

sary with the single circuit used during the 1952 work. One circuit was used
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to measure the amblent air velocity at what is known as the forward tunnel
position. The other circuit was attached to the sensing element on the
traverse mechanism and was used in measuring the air velocity at various
heights above the model, Details concerning the 1953 circuits are given in

Fig. 19.
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Appendix B
DATA SUMMARIES

This section of the appendix is devoted to tables which contain summaries

of the model data and Rohwer's data.
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Table I

Summary of 1952 Model Data - No Barrier

Test Date vVA N = U, U, U, Ry =
No. EZ E VA T i (Fig. 6) U, VA
ACy, Ve
sec a2 It It
Tt sec sec sec
x 104 x 102 x 103
3 10=-20 1.613 3.7 3.2 3.0 0.161 2.60
L 10-20 1.613 L4.38 3.7 3.1 0.162 2.61
9 10-23 1.520 2098 306 305 0.188 2'8
10 10-23 1l.522 2.90 3.6 3.5 0.188 2.86
1l 10-28 1.552 5.50 9.3 7ol 0.398 6.18
15 10-28 1.552 10.10 20, 15.0 0.743 11,52
16 10-29 1.576 5-’41 8.0 8.8 0.‘470 70 1
17 10-29 1.587 5.58 10.0 8.0 0.430 6.82
19 11-3 1.643 10.49 20.0 20,0 0.905 1L4.88
20 11-3 1,648 10.27 21.2 21,1 0.938 15.48
22 11-} 1.540 S.49 7.6 7.0 0.379 5.81
23 ll-L'. 1.5&2 50 6 7.6 6.6 00360 5.55
2l 11-4 1.552 5.09 5.5 6.6 0.360 5.59
25 ll-u 10571 5092 5g2 6.6 00360 5.66
26 11-6 1,667 3.03 2.3 1.9 0.100 1.67



Table II
Summary of 1953 Model Data - No Barrier

cL

Test Mo. Sta Time of day A Ve TAD Taw To AC E N Up  Upp U?
Day It of oF OfF 1b 1b v £t It
ft sec £t2 frtl-gec sec sec sec
x10-l x10°t x107¢ x102 x103
1 8-10 1 14:19-15:34 5.00 3.42 8%.3 63.7 65.8 3.91 15.60 5.85 9.60 7.98 0.429 6.28
2 8-10 6 15:55-16:33 5.00 3.44 86,1 64.3 66.6 L.19 16.18 5.62 9.22 8.20 0.440 6.30
3 8-12 1 9:5,-10:37 5.00 3.31 73.6 59.2 59.9 2.62 10.88 6.30 9.40 8.52 0,453 6.85
é 8-12 2 10:55-11:31 5,00 3.35 78.7 58.5 560.3 3.64 14.26 5.84 9.40 8.15 0,439 6.55
8-13 1 9:07- 9350 5,00 3,33 76.2 57.2 59.1 3.47 13.86 6.01 10.10 8.81 0.469 7.05
6 8-13 2 10:09-10:L44 5.00 3.38 80.9 59.2 59.8 3.56 1L4.31 5,96 10.15 B8.32 0.447 6.61
7 8«13 3 11:01-11:39 5.00 3.43 85.7 b1.1 6l.y 3.96 16,60 6.14 10.00 9.00 0,477 6.96
9 8'17 2 10350"‘11336 5.00 3.23 67.9 60.3 61.3 10'*8 ’.‘;o l‘.089 8090 9050 00&99 7.7“‘
10 8-17 L4 14:00-14:36 5,00 3.27 71.9 62.1 63.9 2.10 7.71 5.62 9,00 8.78 0.467 T.14
12 8-18 1 10:38-11:13 4.98 3.31 74.3 62.1 62.3 2.00 1.43 1.08 2.2% 2.2g 0.121 1,82
13 8-18 2 13:58-14:30 L4.98 3.29 73.3 59.3 65.7 409 3.09 1.15 2.38 2.48 0.133
14 8-18 3 1h:41-15:14 L4.98 3.33 76.3 60.7 65.9 4oOh 3.76 1.39 2.32 2.48 0,133
15 8-18 2 15:24~15:50 L4.98 3,30 74.7 61.0 66,0 3.70 3.29 1.34 2.30 2.54 0.138
16 8-18 16:01-16:32 L4.98 3.28 72.4 6l.1 66,0 3,29 3.67 1.70 2.20 2.57 0,139
17 8-19 1 9:53-10:22 ).98 3.22 68.9 58.6 60.5 2.16 L.54 3.23 k.45 445 0.242
18 8-19 2 10:33-11:04 L4.98 3.26 70.6 59.2 60.9 2.28 4.97 3.33 4.50 L.41 0.240
19  8-19 3 11:14-11:37 L4.99 3.30 74.0 60.0 61.6 2.66 5.13 2.92 4.10 2.27 0.230
20 8-21 1 9:27-10:03 L4.98 3.22 66.3 59.2 60.1 1.38 5.3 6,03 13,40 12,50 0.643
21 8-21 2 10:18-10:46 4.98 3.25 69.2 61.7 61.3 1,06 u.gz 6.49 13.50 12.10 0,626
22 8-21 3 10:55-11:17 L4.98 3.28 T71.6 62.6 62.3 1.37 >5. 6.31 13.50 11.60 0.600
23 8-21 2 11:26-11:46 4,98 3.28 72.2 61.9 62.8 1.89 7.98 6.41 13.50 11.70 0.605
2 8-21 11:54-12316 L4.98 3.28 71,7 61.8 63.1 1.97 T7.66 5,91 13.50 11,70 0,605
26 B8-24 2 10:07-10:31 L4.93 3.32 76.0 62,1 61.2 1.92 13.00 10.00 19.00 18.4,0 0.859
2 8-24 3 10:43-11:07 L4.93 3.36 79.0 64.3 63.3 2,01 13.07 9.55 19.00 17.70 0.838
29 8-27 1 14:07-14:32 4.71 3.40 82.0 65.2 71.5 L.88 479 1.32 2.76 2.36 0.129



Table II - Continued
Summary of 1953 Model Dats - No Barrier

Test Mo, Sta Time of day 4/A Ve Tap Taw T AC E N Up Upp U Ry
No. & (rig 6)

Day 2 °°F P  °F 1 £t £t ft

It sec £t2  ftl-sec Béc sec sec
x10-lt x10-4 x10-6 x102 x103

31 9'21 6 1“.‘1 “1 H 8 h097 3022 66.5 51.0 5505 30 5 9'58 .29 8.00 7073 0. 15 60 O
32 9-22 6 12:14-12:46 L4.80 3.42 85.0 58.0 61.7 5.%1 1.60 ﬁ.29 8.10 7.95 o.&27 5.39
33 9-22 1 13:23-13:58 4.80 3.u2 86.6 58,1 6&.6 6.26 16,65 3,71 7.75 7.00 0.379 5.29
3 9-22 2 1).].315’1“-339 h.BO 3.1'. 88.3 58.9 6 05 6056 16.65 3.52 7.69 6.80 00370 gol
3 9-23 6 11:22-11:54 L4.83 3.36 79.5 [9.8 60.2 6.90 24.30 5.07 14.50 11.80 0.610 8.7
36 9-23 1 12:123-12:56 4.83 3,38 80.6 50.6 61.h 7.12 23.10 4.63 14.50 11.80 0.610 8,72
37 9-23 2 13:120-13:50 L4.83 3,38 81.1 50.7 62.4 7.48 22.80 k.35 15.90 11.80 0.610 8.72
38 9-23 6 1:12-1L4:38 4.83 3.38 81.3 51.0 63.1 7.58 21.40 3'03‘1h°°° 11.60 0.600 8,58
39 9-24 6 13:20-13:47 4.95 3.32 78,6 52.4 57.1 5.11 27.80 8.05 16,50 15.70 0,770 11.L0
4o 9-24 1 1K:07-1L4:31 L.95 3.36 78.9 51.3 57.4 5.59 28.20 7.46 16.70 15.70 0.770 11,32
B 9- 2 1h:48-15:12 L.95 3.35 79.0 51,5 57.9 5.64 26,80 7.03 16.40 15,70 0.770 11.
h2 9-24 6 15:30-15:50 U.95 3.34 78.3 52,0 58'§ 5.53 26,50 7.11 17.10 15,70 0.770 11.j0
ﬁﬁ 9-25 6 11:45-12:18 L4.99 3.20 65.5 51.3 53.5 2.70 62 2,66 4.20 3.75 0.201 3.13

9-25 1 12:38-13:11 L4.99 3.26 70.9 53.8 55.0 2.99 L4.97 2.54 L4.25 3.9F 0.212 3.2
45 9-25 2 13:34-14:06 L4.99 3.32 75.2 547 57.2 3.81 7.10 2.81 L.10 3.75 0.201 3.02
46 9-25 6 1hs2h-1hs5h 4.99 3,33 78.0 57.0 58.7 3.73 6.27 2.52 3.60 3.75 0.201 3.01
47 9-30 6 11:52-12:26 L4.97 3.28 73.1 55,7 57.8 3.30 3.16 1.5 2.36 2.1 0.116 1.76
48 9-30 1 12:51-13:19 L4.97 3.38 77.1 57.6 59.4 3. 2,80 1,18 2.32 2.07 0.110 1.6
49 9-30 2 13:36-14:12 4.97 3.38 81.6 358.5 B61.1 I. 3.52 1.19 2,20 1.98 0.107 1.5

€L



Table III
Summary of 1953 Model Data - 11" Barrier

L

Test Mo, Time of day Barrier JA v, T T T Ac E N U. U R
No. & 7 Position e AD AW o FT ‘s #
Day e 082 %°F °F P 1 1 £8 £y
sec ft3 ftz-uc sec sec
x10-k x10~4 x106 x102 x103
1  9-1 14:16-14:47 D 4.95 3.42 85.7 69.0 71.8 3.71 16.70 6.48 B8.51 0.455 6.59
2 9-1 14:56-15:22 D 4.95 3.46 87.3 69.1 71.8 3.87 16.02 5.93 8.40 0.450 6.4}
3  9-1 15:39-16:11 D .95 3.46 87.4 67.7 T71.6 L.49 19.42 6.19 8.40 0.450 6.&2
L 9-1 16:21-16: D 4,95 3.41 8L.2 66,7 71.2 L.35 18,89 6.30 8.47 0.452 6.5
5 10-5 13:49-14:2 D 5.00 3,22 67,0 L4b6b.4 51.9 L4.30 13,90 5,01 B8.10 0.436 6.76
6 10-5 143:55-15:33 D L.95 3.22 67.0 46.7 52.6 437 14.00 L4.93 8.10 0.436 6.70
7 10-5 16:08-16:36 D 499 3.20 64.9 U46.0 53.2 L4l 13.17 L.66 B8.10 0.436 6.80
8 10-7 12:32-13:08 6 5,00 3.34 77.9 L49.3 54.3 5.25 19.56 5.38 8.08 0.433 6.49
9 10-7 13:35-1l:17 6 5.00 3.36 T79.2 L49.9 55.3 5.66 20,05 5.27 7.45 0.400 5.95
10 10-7 14:51-15:31 6 5.00 3.36 T79.5 50.3 57.1 6,01 20.53 5,08 8.10 0.436 6.49
11 10-8 10:45-11:13 6 5.00 3,22 5 U46.7 50.8 3,90 Jd9 3,26 3.8§ 0,207 3.21
12 10-8 11:30-11:53 6 5.00 3.2 69.2 L4B.6 52.2 3.97 7.90 3.07 3.75 0.201 3,10
13 10-8 12:10-12:35 6 5.00 3.27 71.3 L9.4 53.8 L.36 8.35 2.93 3.76 0.201 3.07
15 10-8 15:1l-15:47 D 5.00 3.31 7h4L.8 51.4 57. 5.13 9.68 2.84 3.76 0,201 3.0k
16 10-9 19:31-19:56 D 5.00 3,20 65.5 L45.7 544 4.8 28.47 9.12 19.70 0.895 13,97
17 10-9 20:09-20:31 D 5.00 3.18 63,2 L4he7 52.9 L4.53 26,15 9.08 19.86 0.900 1h4.13
18 10-12 19:41-20:06 6 5.00 3,07 53.2 45.3 51.3 2.43 16.43 11.01 17.92 o.au% 13.75
19 10-12 20:18-20:443 6 5.00 3.05 51.7 43.9 L49.5 2.28 14.17 10.20 17.97 0.846 13.
20 10-12 20:56-21:27 6 5.00 3,06 ©52.6 LL.0 §8.Lh 2.18 12.69 9.52 17.98 0.846 13.8
21 10-1h 11:34-12:06 12 4.99 3.22 67.2 52.2 56,6 3.39 7.18 3.28 L4.05 0.218 3.3
22 10-1} 12:26-13:05 12 4.99 3.24 68,3 53.1 57.2 3.39 7.03  3.19 3.93 0,210 3.23
23 10-1h 13:25-14:10 12 4.99 3.25 69.6 54.0 58,1 3.26 6.97 3.10 3.93 0,210 3.22
2l 10-15 11:54-12:3 12 5.00 3.20 64.9 51.3 53.3 2.61 8.92 5.34 7.98 0.427 6.66
25 10-15 12355-13:2 12 5,00 3,22 67.2 52,0 54.3 2.91 9.81 5.24 7.98 0.427 6.63
26 10-15 13:Lh-1l:21 12 5,00 3.2} 68.6 52,1 55.1 3.28 11.43 5.37 7.98 0.427 6.58
27 10-16 19:28-19:52 12 5,00 3,02 U48.3 L1.2 LB.7 2.47 13.70 9.22 19.40 0.885 14.66
28 10-16 20:02-20:23 12 5,00 2.99 U46.3 39.9 L46.6 2.1 12.60 9.85 17.90 0.843 14.09
29 10-16 20339-21:02 12 4.99 3,02 49.2 Ll.4 45.6 1.94 10.62 9.04 18.00 0.847 13.99



Table III - Continued
Summary of 1953 Model Data = 11" Barrier

Test Mo. Time of day Barrier JA T T T AC E N U U R
Nou & o 7 Position o Tap Caw Yo FT. = *
Day et 2 O°F O°F  Op  1p 1b £ fE
sec ft3 fta-sec -1-X sS6¢
x1074 x107%  x10® x102 x103
30 10-30 13:07-13:42 2 5.00 3.17 62.8 47.3 50.5 3,07 9.06 L4.67 8.21 0441 6.96
31 10-30 13:157-1 :lés 2‘1{ 5.00 3.17 62,7 L47.2 51.0 3.19 9.82 L4.86 7.80 0.417 6.59
32 10-30 1l:ll-15217 2l 4.95 3.17 62.6 u7.g Sl. 3.17 10.21 5.03 7.80 0.317 6.51
33 10-30 19:07-19:32 2 .00 2.97 L4l 37.8 L5.1 2.15 11,64 9.11 18,33 0.855 14.L40
34 10-30 19:43-20:06 2l 5.00 2.97 U43.9 37.5 h3.§ 1.93 9.72 8.26 17.40 0.830 13.97
35 10-30 20:16-20:38 2l 5.00 2.96 L43.4 37.6 L2.5 1.66 8,50 8.65 17.50 0.833 1.07
36 11-2 13:1h-13:45 24 497 3.26 T1.0 U49.6 542 L.29 9.70 3.45 4.15 0.223  3.40
37 11-2 13:58-14:33 2y .97 3.25 69.5 L48.1 54.7 L.T5 10.03 3.23 L4.16 0.223 3.1

Legend

D Barrier on dam

6 Barrier 6 in, upstream from dam

12 Barrier 12 in, upstream from dam
24 Barrier 24 in. upstream from dam

sl



Table IV

Summary of 1953 Model Data - 3" Barrier

Test Mo. Time of day Barrier VA v T T 7 AC E N U U R
¥o. & Position i AD AW o FT * *
Dey £ £ °F °°F °F B % e

sec 3 rtl-sec s8¢ sec

x10~4 x10°4 x10-6 x102 x103

1 - 10: 8-113 D .00 '12 . 808 20 2.1 022 . 8. 1 O. [
2 193 2aid 3 200 33 ahk 1% 88 .08 e oo 1y
3 10-6 14302~ :32 D 5.00 3.25 69.2 §8.1 52,3 L4.07 12,62 4.78 ST 0.406 6.2}
? 10-6 14358-15:3 D 5.00 3.25 69.8 U48.3 53.6 L.38 13,76 L.83 .00 0.430 6.61
10‘12 13336"1!}312 D 5000 302‘} 6901 ,4907 55.0 h.ZO 9018 3037 h'hl 0.2&0 3.70
6 10-12 1:28-15:0 D 5.00 3.23 67.9 L49.3 55.3 4.27 8.7% 3,16 L4.35 0.236 3,65
g 10-19 12:08-12:3 12 5.00 3427 T71.7 50.0 53.6 L4.16 9.23 3.30 3.80 0,203 3.10
10-19 13:00-13:3} 12 5.00 3.31 74.5 52.3 55.0 3.92 9,90 3.83 3.84 0.206 3.11
9 10-19 13:50-1L:2} 12 5.00 3.31 74.5 51.8 S6.1 L.49 9.89 3.33 3.80 0.203 3.07
10 10-20 132'46"1"312 12 .00 3016 61. h806 5302 3001 10007 5.30 8.10 °.h35 6.89
11  10-20 1l:25-1):55 12 5.00 3.17 63.0 L49.9 53.3 2.86 11,19 6,16 T7.73 0.413 6.51
12 10-20 15:109-15:39 12 5.00 3.15 60.7 49.9 53.8 2.56 8.4 5.22 3.93 0.423 6.71
13 10-22 12303"12339 2". .97 2.95 h207 3700 112.8 1078 6.32 5097 020 O.th 70!‘1
1 10-22 1330 -1333& 2‘]. l|.097 2.96 l}Z.B 3702 h1.8 1057 6005 6.51 8.20 O.M;O 7039
1 10-22 13352-1l4317 2l L4L.S7 2.96 43.0 ﬁz.g 41.5 1.39 5.37 6.51 8.20 o.guo 7.39
16 11-2 19:28-19:50 2l 4.95 3.08 5L4.3 2 I9.7 2. g 15.81 9.62 19.05 0.875 14,07
1 11-2 20:07-20:28 2 4.95 3.07 53.1 }3.9 L48.7 2.35 13.50 9,28 17.00 0.812 13.09
1 11-3  13:19-13:48 2L 4,90 2.98 45.0 36.6 449 2.54 6.70 4.36 4.30 0.232 3.82
19 11-3 1?:17-1 252 24 §.90 2,98 45.5 37.0 U440 2,42 5,37 3.65 3.90 0.210 3.46
21 11-6 13:19-13356 4 00 2.96 }3.8 10.0 uz.g 0.96 2.90 5.00 7.90 0.422 7.13
22 11-6  1h:13-1lh:47 48 5.00 2,97 L44.2 Lo.4 42.5 0.9 2.94 5.27 7.90 0.h22 7.11
% 116 Disised L8 Zioo odn 4o heer 0.5 2.9k 203 1.8 0.7 7.00

- 332=-19Y2 . . . . ° . ° . . . °
25 11-6 20:07-20:33 48 5.00 2.90 38.2 37.5 k0.1 O0.48 2.60 9.34 17.80 0.840 14.49

9L



Table IV - Continued
Summary of 1953 Model Data - 3" Barrier

Test Mo. Time of day Barri A T T 7 AC E N U ) R
No. & °F AT Peosition J;t Ve AD  “AW o FT # T
Day 2 % % % n 1b [ O D

sec r¢3 rt2-sec sec sec

x1074 x107% x107¢ x102 x103
26 11-6 203)44-21:07 L8 5,00 2,90 38.2 37.4 39.6 0.43 2.37 9.52 18.53 0.861 14.86
27 11-9 13:37-1h:02 48 5,00 3,23 68.2 U5.0 L46.Iy 3.82 8.35 3.38 L.20 0.227 3.52
28 11-9  1l:15-143h2 48 5,00 3.24 68,8 45,6 48.0 L.03 8.Lh 3.2% .20 0.227 3.50
29 11-9 15303-15:28 48 5,00 3.23 67.8 U45.3 49.2 L.20 8. 3.2 .20 0.227 3.52
30 11-13 13:22-13: 12 .85 3.23 67.5 46.9 U49.1 3.64 22.80 9.40 17.50 0.832 12.49
31 11-13 13:5h-1k:l 12 4.85 3.22 68.6 47.5 50.1 3.79 24.56 9.70 17.50 0.832 12,45
32 11-13 14:27-14:50 12 e85 3.25 69.5 47.6 51.3 L1k 2g.55 9.20 17.50 0.832 12.40
3 11-25 13:17=13:45 2 §.99 3.00 L6.7 36.8 39.3 1.94 10.33 8.87 «50 0.723 12.03
3 11‘25 1!4:00-11].:27 21; +00 3000 7.!‘- 370‘} 3908 1.93 8.78 7;58 16.00 0.780 13000

Legend

D Barrier on top of dam

12 Barrier 12" upstream from dam
2% Barrier 24" upstream from dam
N Barrier 48" upstream from dam

Ll
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Appendix C
DATA TRANSFORMATION

This section is devoted to a description of the method used to calculate
the shear velocity based on a consideration of the changes of momentum,

As indicated in Chapter III the Prandtl-Kdrmén relationship between
velocity distribution and shear velocity was found satisfactory when the air
vattern was not materially affected by surface objects. Such was not the case
when the 1i-in. and 3-in, barriers were placed in the tunnel for they altered
the air pattern to such an extent that the Prandtl-K4rm@n relationship was
no longer valid. Therefore, the shear velocity had to be determined by other
means when the barriers were in the tunnel. The authors assumed that for a
particular ambient air velocity when no upstream barrier was in position the
shear velocity at a particular tunnel location always had the same value.
Through a consideration of the interrelationship between shear and change of
momentum, a correlation between U, and Upp was evolved, Fig. 6, Chapter III.
By using this relationship it was possible to ascertain the shear velocity U,
from a knowledge of Upp . The remainder of this section will be devoted to a
description of procedures followed in arriving at the data for Fig. 6,

Through a consideration of the principle of momentum, the total drag for a

unit width on a boundary over the length X may be written as

Dy = Fi/. U(UO—U) dz (136)
o
from which the momentum thickness 6 can be obtained as
D 0
X U U
0 = — = =]l = — }Jdz , 1
P Us Uo( Uo) (137)

(o}

The total drag on a boundary Dy can also be written in terms of what is



8o

kmown as the mean drag coefficlent Cp as follows

Dx=xcf—ﬁg2-. (138)

Through use of Eqs. 137 and 138 the momentum thickness can also be written in

terms of the mean drag coefficient,

o
o= X -x% (139)
PTs
or
op =22 . (139a)

A considerable amount of work has been performed on the relationship

between Cf and Rx by other investigators., This work has led to the expres-

Cp = —3-5—11; 26 (140)

X

sions of

for laminar flow and

Cp = §;° (141)

for turbulent flow. In these equations, Rx 1s a form of Reynolds number and
is equal to XUO/D' » It seemed reasonable that the Lake Hefner model data
should conform to the relationships between Ce and Ry evolved by other
investigators. If such were the case, then these relationships could be used
to help define a correlation between Ce and RX .

In the course of gathering data during the 1953 Testing Program, veloclty
profiles without any upstream barrier present were measured at what are termed
Stas. 1, 2, 3, 4, 5, and 6, Stas, 1, 2, 3, and L} corresponded in location to
the stations occupled in the prototype and Stas. 5 and 6 were upstream from
the modeled lake, Fig, 20, By plotting é%.(l - él) against 2z , the momentum
thickness © can be obtained by planimetering the area under the curve,

Fig. 21, This process 1s in effect the graphical integration indicated by

Eq. 137. The mean drag coefficient Cy¢ can then be found through use of
Eq. 1392, The distance X in Eq. 139a 1s supposed to be the distance from the
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83
leading edge of the boundary to the point at which the velocity profile is
measured. As indicated in Part I (3), the model of Lake IHefiner was not con-
structed with a sharp leading edge. Instead, the transition between the tunnel
and the model was effected in a gradual manner, Therefore the value of the
distance X wused in Eqg. 1392 cannot be measured exactly. After considering
the position of the model in the tunnel, the tunnel shape, and the artificial
roughness upstream from the model, the authors estimated that the effective

length for X for the various stations was as follows; Fig. 20

Sta. 1 -- X = 17.6 ft,
Sta. 2 -- X = 20.2 ft,
Sta. 3 -- X = 15.7 ft,
Sta. I -~ X = 1.7 ft,
. Sta., § -- X = 1.3 £%,
Sta. 6 -- X = 14.0 ft.

The value of Ry corresponding to the various values of Cr were easily

computed from a knowledge of U X, and v . The velocity U, was con-

o
sidered to be équal to the velocity above the boundary layer as measured by the
traverse mechanism, The value of X corresponded to the station distance as
given in the above table. The kinematic viscosity 7 was determined from air
temperature and pressure considerations. During the course of the 1953 Testing
Program, data for 19 velocity profiles without any upstream barrier were col-
lected for which Ce and RX could be computed. The points representative of
these 9 profiles are presented in Fig, 22. Some of these data tend to group
about Eq. 141 which is representative of turbulent flow while other data group
about Eq. 10 which is indicative of laminar flow. Although, a great majority
of the data fall in what might be considered the transitional region between
laminar and turbulent flow in which scattered results might be‘anticipated.

Following the data as well as possible, a smooth curve was drawn between the

lines for Eqs. 140 and 141. This smooth curve and the lines for Egs. 140 and
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141 beyond the points of tangency wers considered to be revresentative of the
relationship between Cy and Ry for the model.

The shear at the surface, T,, may be expressed as follows:

a2 _ 2 (142)
d X
or
U 2
d Dx To _ U
= 5 ) === "3 (143)
eUo £ Uo
Through Eqs. 138 and 143 one may write
2
U, X ¢
*15 = 4 (.__;g) . (1hh)
Uo ax 2

without altering the relationship of Eq. 1lli, the variable of differentiation

may be changed as follows:

U2 1 4
=z (Ry Cp) . (145)
u2 2 dmyg Mxr

Through the use of the previously described relationship between Cp and Ry ,
Fig. 22, and the approximate differentlation of the product RxCs with resvect
to Ry , the value of U42/U,2 can be calculated; that is,

Ul 1 (RXZ St = Bxy Cfl) (146)
2 2 Ry - R '
Uo X5 Xy

It was found that if the difference between Rx2 and Rxl is small,
then either value of Ry could be chosen from which to compute Uy, . 1In
carrying out this approximate differentiation, X was chosen as 14.0 ft
which corresponds to the location of Sta, 6, Therefore, Ug as glven by this
method 1s for Sta. 6. The kinematic viscosity was assumed to have a constant
value of 2x10'h fta/sec « The kinematle viscosity as experienced under actual
testing did not vary by more than 4% from this figure.

From the values of U.,,.Q/Uo2 obtained through Eq., 16 and U the shear

o ?
velocity Uy corresponding to each velocity was ascertained, The shear
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velocity Uy was therefore known in terms of U, , the ambient velocity as
measured by the traverse, Due to the arrangement of the model in the tunnel,
Up as measured by the traverse mechanism (hereafter referred to as UT ) was
not the same as U, measured at the forward tunnel location (hereafter refer-
red to as Upqp ) , Fig. 23. Using the relationship of Fig. 23, U, was cor-
related with Upp Instead of Up .

After the approximate differentiation indicated by Eq. 146 had been car-
ried out over a wide range of RX , the relationship between Uy, and U?T
depicted in Fig. 6 was developed. This relationship was used not only in
evaluating U, for the work with the barriers but also U, for non-barrier
wWork.

In Part I of the Lake Hefner Final Report, the shear velocity was computed
by meuns of the Prandtl-KAdrmdn relationship, Eq. 1. In order to evaluate
the shear velocity for the 1952 data on the basis of momentum considerations it
was necessary to go through the same steps as followed with the 1953 data to
determine if the same relationships, that is Figs. 6, 22, and 23, were still
applicable. This work with the 1952 data indicated that the relationship
between Cgp and RX arrived at for the 1953 work was representative of the
1952 work. Therefore the relationship depicted in Fig. 6 was used to evaluate
Uy for both the 1952 and 1953 data on the basis of momentum principles.
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Appendix D
DETAILED MODEL DATA

In this section of the report the detailed non-barrier mndel data for
1953 are presented. All pertinent data concerning the barrier model data for
1953 are presented in Table II, Appendix B. The method of identifying the
data is similsr to that followed in Part I (3).
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Height Forward tunnel Traverse Traverse Quantity
above psychrometer psychrometer wind of water

terrain Tpp-OF Tpy-OF OF op velocity evaporated
Thermo. Thermo. Thermo. Thermo.

Inches  #,1  #51 #2 #52 ft/sec ce
Test No., 1 “Date Augz, 10, 1053 Sta, 1

0,035 B1.2 62.8 75.0 0

0.00;0 75.5 %0

0.045 82.3  63.6 75.6 2

0.050 82.1 63.5 75.8

0.060 82.7 63.2 76.3 129

0.070 82.7 63.3 76.6 65.4

0.080 82.6 63.6 77.0 65.0 193

0.090 83.0 63. 774 65.5

0.100 83.1 63. 77.5 65.5 5.2

0.110 83.5 63.6 77.6 65.5 5.3

0.135 83.7 6.2 78.6 65.0 5.6 250

0.160 8.2 63.6 79.2 65.1 5.9

0.185 8.0 63.6 79.3 65.1 6.2 340

0.210 8L .2 6l .0 79.6 65.5 6.2

0,260 8.5 63,7 80,2 65,2 6.5

0.310 8.1 63.; 80.1 65.0 6.5 Lo2

0.360 8y 63.9 80.7 65.2 6.8

0.l110 84.5 63.] 80.9 6L..9 6.9

0.510 8.1 63.1 81.0 6L .8 6.9 80

0.610 8.1 63.1 81.8 6l .8 7.0

0.710 8.7 63.6 82.3 65,1 7.1

0.910 85.1 6,1 82,9 65.3 7.7 500

1.110 85.1 6l .0 83.7 65.6 7.9

1.360 85.L 6l..0 83.8 65.5 8.3

1.610 85.9 6l.3 8l .l 65.7 8.% 591

1.860 85.8 64,1 85.0 65.7 8.

2.110 85.9 6l .2 85.1 65.8 9.0

2.610 85.9 6lL.3 85.L 65.9 9.0 661

3,110 85.7 6lp.1 85,5 66.C 9.0

3.610 8l1.9 63.0 8.9 65.2 9.1

I .110 85.4 63.9 85.4 65,7 9.7

1} .610 86.L 6.0 86.1 65.9 9.6 750

5.110 86,2 6L .1 85.9 65.9 9.6 796
Test No. 2 Date Aug., 10, 1953 Sta. 6

0.020 86.  6l.1 8.6 70 0

0.030 86.9 6L..9 8.9 70.7

0.0L0 86.1 6l .5 8.7 70,2 53

0.060 86.7 6l .6 85,1 69.5

0.080 86.3 6L..5 85.3 68.9

0,100 86,2 63.9 85.0 6749 .9

0.120 86.2 6l .6 8L..9 68,0 L..9

0.170 86.2 6l 85.1 66,0 5.3 156

0,220 86,2 6lp.1 85.0 65.1 5.8

0.320 86.6 6l .7 85l 66.1 6.0

0.l20 86.2 6l .l 85,2 65,6 6.%

0,620 86,2 6.3 85,1 65.5 6. 250

0.820 86.3 6ly .2 o7 65.4 7.0

1.220 86,2 63.9 85, 65.3 7.5

1.720 85.7 63.4 85.2 6l.8 7.7 315
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Time Helght Forward tunnel Traverse Traverse Quantity
of above psychrometer psychrometer wind of water
day terrain TpAp-°F Taw-CF op op velocity evaporated
Thermo, Thermo. Thermo., Thermo.
Inches #1 - #51  #y2 #52 f£t/sec ce
Test No. 2 (Cont.)
16:25 2,220 85.h 63.6 85,1 65.0 8.5
16:28 3,720 85.3 6l .0 85.0 6.9 8.8
16:30 5,220 85, 6lL.5 85.0 65.h 9.2
16:33 - h18
Test No. 3 Date Aug, 12, 1953 Sta. 1
09:5, 0.920 72.7 59.2 66,8 0
09:5 0.025 59.2
09:57 0,030 8.8
09:58 0,035 73.6 59.1 67t
09:59 0,045 59.6
10:00 0,055 59.6 60.6 38
10:01 0,065 59.9 60.6
10:02 0,075 Th.1 58.8 69.0 60.2
10:04 0,085 59.5 60.1
10:05 0,095 59.5 59.9
10:06 0,120 60,0 60,0 L.8 75
10:07 0.145 h.6 58.8 69.1 59.0 L.9
10:08 0,170 59.2 59.8 5.
10:09 0,195 59.3 60,0 5.5
10:09 0,2,5 59.0 59.6 5.8
10:10 0.295 73.8 59. 72.6 59.9 5.9
10:11 0,345 60,1 60,0 5.9
10:12 0,395 60, 60.1 6.0 120
10:15 0,95 60,0 60,2 6.3
10:15 0,595 7h .5 60, 72.0 60,6 6.7
10:16 0,695 60,7 60,4 7.0
10:17 0.895 59,7 59.7 6.9
10:18 1,095 59.% 59.7 7.0 157
10:20 103&-5 7508 59- 729 5908 7-3
10:21 1.595 59.1 59t3 703
10:22  1.845 59.1 59.1 8.0
10:23 2,035 59.0 59.0 8.0 195
10:25 2,595 75.1 58.9 Thdy 58.6 8.4
10:26 3.095 58-5 5807 807
10:27  3.595 58.2 58.6 8.6
10:28 14,095 58,7 59.0 9.0
10:30 L.595 76.2 57.7 75.2 58.7 9.&
10:30 5,095 56.9 57.7 9. 250
10:32 7,095 58.1 58.5 9.l
10:35 9,095 75.3 58.5 75.2 59.1 9.

10:37 318
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Time Height Forward tunnel Traverse Traverse Quantity
of above psychrometer psychrometer wind of water
day terrain Tpp-OF Taw-OF © velocity evaporated
Thermo, Thermo, Thermo, Thermo,
Inches  #41 #51 __#h2 #52 £t/sec ce
Test No. I Date Aug., 12, 1953 Sta, 2
10:55 0,020 77.1 58.8 70.8 63.1 0
10:57 0,025
10:58 0,030
10:58 0,035 77.4 59.5 70.9 62,6
10:59 0,045
11:00 0,055 38
11:01 0,065
11:02 0,075 78.0 59.3 71,6 61.6
11:03 0,085
11:03  0.095
11:0 0,120 Iy oy
11:05 0,145 78.7 59.9 72.7 60.8 5.0
11:06 0,170 5.2
11:07 0.195 5.% 93
11:08 0,245 5.
11:09 0,295 78,3 59.6 73.3 60,2 6.1
11:10 0,345 6.3
11:10 0,395 6.3 128
11:13  0,)195 6.7
11:1 0,595 78.8 57.3 Th o6 58.9 7.0
11:15 0,495 7.0
11:16 0.895 T2
11:17 1,095 746
11:18 1,345 79t 57.8 76.2 58.5 8.0
11:19 1.595 8.0 207
11:20 1,845 7.9
11:21 2,095 8.1
11:22 2,595 80.7 58.1 78.4 58.5 8.5
11:23 3,095 8.6 250
11:24  3.595 8.7
11:26  L4.595 78.8 57.7 77.8 58.2 9.0
11:27 5.095 9.1 289
11:29 7.095 9.4
11:31 9,095 80.0 57.0 79.0 56.9 9.4 350
Test No, S Date Aug, 13, 1953 Sta, 1
09:07 0,020 75.0 56.3 67.1 59.0 0
09:08 0.025 67.h 58.7
09:10 0,030 67.4 58,6
09:11 0,035 o7 58.4 67.7 58.6
09:12 0.045 67.8 58,5
09:13 0,055 68.6 58.6
09:1, 0,065 68,6 58.6 58
09:15 0,075 75.3 57.2 69,2 58,5
09:16 0,085 69.0 58.6
09:17 0,095 69.5 58.7
09:18 0,120 69.8 58.6 5.8
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Time Height Forward tunnel Traverse Traverse Quantity
of above psychrometér psychrometer wind of water
day terrain Tpp- TAW-OF oF OoF velocity evaporated
Thermo., Thermo, Thermo, Thermo,
Inches #i1 #51 #2 #52 rt/sec ce
Test No, 5 (Cont.)
09:19 0,145 7.8 57.2 69.7 58.6 6.2
09:20 0.170 T70.2 58.3 6.2
09:21 0,195 70.7 58.2 6.5 120
09:22 0,245 70.7 57.9 7.1
09:23 0,295 75.7 56.5 71.1 57.7 7.1
09:2) 0.345 71.5 57.2 7.&
09:25 0,395 71.2 57.2 Te
09:29  0.)495 72.2 57.4 7.5
09:30 0.595 76.2 57.2 72.5 57.3 7.1
09:31 0,695 72.5 57.8 7.8 211
09:32 0.895 73.2 57.8 8.5
o9=gi 1.095 h.2 58.4 8.5
09: 1-3&5 76.6 58.0 73.8 58,2 8.6
09:35 1.595 75.0 58.2 8.6 250
09:36 1,845 75.2 59,0 8.7
09:37 2,095 75.6 57.2 9.1
09:38 2,595 774 56.7 75.6 572 9.9
09:40 3,095 75.6 ST 9.9
09:41  3.595 76.6 ST.4 10.0
09:42 4.095 76.7 572 10.1
09:43 L4.595 78.0 55.5 77.0 56.5 10.1 323
09: 5.095 77.0 56.7 10.1
09:46 7.095 78.2 57.8 10.1
09:48 9,095 78.3 58.5 78.1 577 10.1
09:50 1,06
Test No, 6 Date Aug, 13, 1953 Sta, 2
10:09 0.020 78.9 58.6 T2.0 60,0 0
10:10 0.025 T72.0 60,0
10:11 0,030 71.6 60,0
10:12 0,035 80.3 59.0 72.0 59.8
10:13 0,045 T2.2 60.0
10:13 0,055 72.2 60.0
10:1; 0,065 72.6 60.0
10:1)} 0,075 80.7 58,7 72.7 60, L8
10:15 0,085 72.6 60,
10:16 0.095 72.9 60.2
10:17 0.120 73.1 60,2 5.5
10:18 0,145 81,0 59.5 73.6 60, 5.8
10:19 0,170 73.1 60,1 6.0
10:20 0,195 7h4.0 60.0 6.1 87
10:20 0.2)4-5 7500 5906 605
10:21 0,295 80.6 58.6 7h..5 59.3 6.6
10:22 0.3&5 7503 5900 7.0
10:23 0,395 75.3 59.5 7.1 128
10:25 0.)495 76,2 59.8 7.%
10:26 0,595 81.1 59.1 76.3 59.6 7.
10:28 0,695 77.0 60,5 7.7
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Time Height Forward tunnel Traverse Traverse Quantity
of above psychrometer psychrometer wind of water
day terrain Tpap- Taw-°F op op velocity evaporated

Thermo, Thermo, Thermo, Thermo,
Inches #1 #51 #.2 #52 ft/sec ce

Test No. 6 (Cont.)

10:29 0.895 77.6 60.5 T.7 181
10:29 10095 ’ 77.6 60.1 708

10:30 1.345 80.6 59,0 78.3 60,0 8.2

10:31 1.595 78.3 60.2 8.

10:31 1,845 79.1 60,2 8.5

10:32 2.095 79.3 60.5 9.1 219
10:33 2.595 81.2 60,1 79.7 60.6 9.3

10:34  3.095 80.6 61.3 9.2

10:35 3,595 81.2 61.0 9.y

10:36 14,095 81.7 61.7 9.7

10:37 L.59%5 82.l 60,2 81.7 61,1 9.8

10:38 5,095 81.5 62,0 10,0 250
10:41  7.095 ; 81,5 60,0 10,4

10: ﬁi 9.095 82.3 59.3 82,0 62.2 10,2

10: 332

Test No. 7 Date Aug. 13, 1953 Sta, 3

11:01 0,020 83.9 61.9 80.3 63.2 o]
11:02 0,025 80.5 62,6

11:03 0,030 80.5 62.7

11:0, 0,035 8.2 61,0 81,0 62 .0

11:05 0,045 80,7 62.3 L1
11:06 0,055 81.3 62.3

11:07 0,065 81.2 62.6

11:08 0,075 85.6 61.3 81.L 62.6

11:09 0,085 81.5 61.8

11:09 0,095 81.9 61.8 79
11:10 0.120 81.9 61.9 6.2

11:10 0,145 8.6 61.1 81.9 610 6.y

11:11 0.170 81.9 61.3 6.3

11:12 0,195 82.0 61.5 6.6

11:12 0.245 ‘ 83.2 61.6 6.7

11:13 0,295 85.3 61.3 82.8 61.4 7.1

11:1  0.345 82.7 61.5 7.0 133
11:15 0,395 82.8 60,7 7.0

11:16 0,495 83.6 61,0 7.5

11:20 0,595 85.7 60,2 83.7 60,1 7.8

11:21 0.695 83.6 60,1 7.8

11:22 0,895 83,8 60.3 749 219
11:23 1,095 8.2 60.3 8.

11:23  1.345 86.0 59,6 8l.2 60.9 8.5

11:25 1,595 8.8 60,5 8,6

11:26 1.845 85.2 60,0 9.2

11:27 2,095 85.8 59,6 9. 250
11:28 2,595 86.8 61.3 85,9 60.8 9.3

11:29 3,095 87.0 éo.u 10,0

11:30  3.595 85.8 60,4 10,0
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Time Helght Forward tunnel Traverse Traverse Quantity
of above psgchrometer psychrometer wind of water
day terrain Tpp-°F TAw-°F op op velocity  evaporated
Thermo. Thermo, Thermo., Thermo,
Inches #1 _#51 #h2 #52 ft/sec ; cc
Test No. 7 (Cont.)
11:31  L.095 85.8 60,0 10,0
11:32 L.595 87.2 61.0 87.0 60.9 10,0 353
11:33 5,095 87.7 61.0 10.0
11:35 7.095 « 87.3 61.8 10,0
11:37 9,095 87.8 60.8 87.6 60,7 10,0
11:39 130
Test No, 8 Date Aug, 17, 1953 Sta, 1
9:48 0,020 6.1 58.2 63.1 60,0 0
9:53 0,025 63.1 58.7 62.7 59.9
9:54 0,030 63.5 58,7 62.9 60,0
9:55 0,035 63.5 58.% 62.7 60,1
9:56 0,045 63,2 58, 63.1 60,1
9:57 0.055 63.4h 58.3 62,8 59,8
9:58 0,065 63.5 58,9 63,2 60,0
9:59 0,075 6L .0 57.9 63.6 59.9
10:00 0,085 6li.5 58,6 63.2 60,0 33
10:01 0,095 6ly. 58,2 63.3 59.7
10:02 0,120 63, 58,8 63,2 59.7 .8
10:05 0,19 6l .5 59.2 6.0 60,1 5.5
10:06 0,245 6l .6 59.2 6l 0 60.3 5.5
10:07 0-295 6)4-0)-‘- 5900 6’4-01 600 507
10:08 0.345 6L .1y 58.7 63.6 59. 5.8
10:09 0.395 6l1.9 59.6 6l .1 60,3 5.8
10:10 195 6l .5 58, 6l .2 60.1 6.0
10:11 0,595 6l .0 59,0 6l .0 59,8 6.2 65
10:13 0,695 65.7 60,0 6l .6 60,8 6.5
10:1 0.895 6l .9 58.7 6l .8 60, 6.6
10:16 1.345 64,5 59.1 6l .5 601 Tt
10:17 1,595 6l .y 59.1 6.5 60.0 7.5
10:18 1.845 6l .9 58.7 6l .9 60,0 7.8
10:19 2.095 65,8 59,0 65,8 60.3 8.1
10:20 2,595 65.5 58.8 65.1 60.0 8.5
10:21 3,095 65.8 59,0 65.9 60.5 8.8
10:22 3,595 . 59.5 6.8 60, 8.9
10:23 4,095 66,2 59.3 65,8 60,7 9.% 108
10:25  4.595 65.1  59.b 65 1t 60.L 9.
10:28 5,095 65.0L 59.5 65 .l 60,5 9.8
10:30 7,095 65.0 . 65.0 60,1 9.8
10:33 9,095 65.7 58.8 65.7 59.9 9.8 5
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Time Height Forward tunnel Traverse Traverse Quantity
of above gchrometer psychrometer. wind of water
day terrain Tpp-"F o on velocity evaporated
Thermo. Tﬁermo. Thermo. Thermo,
Inches #1 #51 &2 _#5o ft/sec ce
Test No. 9 Date Aug, 17, 1953 Sta, 2
10:50 0,020 66.2 60,0 65,8 61.5 0
10:51 0,025 66,8 60,2 65.6 61,2
10:52 0,030 66.9 60,0 65.5 61.3
10:53 0,035 67.4 60,1 66,2 61.8
10:5L 0,045 6742 60,2 66,3 61.8
10:55 0,055 63,0 60,0 66.5 61.7
10:56 0,065 68,5 60,1 66.5 61.5
10:57 0,075 67,9 60.7 56,3 62,0
10:59 0.085 68,5 50,3 66,5 61.8
11:00 0,995 68,5 60,5 56,7 61.9
11:01 0,120 68,1 60.1 66, 61.8 Lo
11:02 0,145 67.2 60,2 65, 61. 1.9
11:03 0,170 66.9 60,8 65,8 61.7 5.2
11:04  0.195 66.9 59.4 66,2 61, Sy 37
11:05  0.245 67.6 60.1 66,3 61, 5.5
11:06 0,295 67.1 59.9 65.8 61.6 5.8
11:07  0.345 68.1 60,0 66,1 61.b 5,8
11:08 0,395 67.1 59.8 66.5 61.8 5.9
11:08 0,95 6701 60.1 66,2 61.6 6.0
11:11  0.595 67.2 60,0 66,8 61.6 6.
11:12  0.595 68,2 6o.u 67.1  61.5 6.1
11:13 0.895 68,5 60,8 67.7 62.1 7.0
11:14 1,095 68,1 60,1 67.8 61.8 7.0
11:19  1.345 69.3 60.5 68.04 61.8 7.1
11:20 1.595 67.2 59.9 67.2 61.8 7.5
11:21 1.8345 67.5 60, 67 .5 61.3 7.5 ol
11:23 2,095 671 60,1 671 61. 749
11:2 2.595 67.9 59. 8 6749 61.2 8.2
11:25  3.095 6749 597 6749 61.2 8.9
11:26 3.59% 68,1 59.7 68,3 61,2 8.9
11:27  L.095 68.5 60,0 68.5 61.8 8.9
11:28 1,595 68,5 60, 68,6 61.6 8.9
11:29 5,095 68,1 60, 68,1 62.14 8.9 122
11:32  7.095 71.5 61.9 72.5 6l .0 8.9
11:35 9,095 705 61.3 70,2 62.9 9.0
11:36 16
Test Yo, 10 _Date Aug, 17, 1953 Sta. It
14:00 0,020 72.1 61.8 72.7 63.9 0
14:01 0,025 72.6 6149 70,8 63.9
1:02 0,030 7240 61.8 70.5 6l,.,0
14:03 0,035 72.1 61.9 70.5 63.9
:0L 0,045 71.9 61,6 70.8 6l;.0
14:05 0,055 72.0 62.0 70,6 63.8
1:06 0,065 72.4 61,8 70.8 63,7
1)p:08 0.075 72.5 61,8 70,8 63.9
14:10 0,085 72.1 62,0 70.9 63,9
14:11 0,095 72.5 62,6 70.5 6lL.3 45
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Height Forward tunnel Traverse Traverse Quantity
above psychrometer psychrometer wind of water
terrain Tpp- Taw=°F op op velocity evaporated

Thermo. Thermo,.
¥ol1

Thermo, Thermo,
Inches #l1 # ;

Lb/sec

cC

Test No., 10 (Cont.)

Y12 0.120 72.3 62.7 70.8 6.2 1.1
113 0.145 72.5 62.0 71.1 6l.1 1.3
1y:15 0.195 71.9 62,2 71.5 63.8 1.9
Y16 0,25 72, 62'3 71. 63.6 3.2
117 0,295 T2 61, T1.7 63.7 5.0
17 0345 - 72.0 61,9 72.0 63,6 6.0
1218 0,395 - 72.2 62,2 72,1 63.6 6.
118  0,)495 72.1 62.2 72.1 63.6 6.5 82
120 0,59 T1.7 62,0 71.7 63.3 6,8
Y21 0,69 T1.7 62,0 71.6 63, 6,6
m:z«z 0.895 1. 62.0 71.6 63.5 705
123 1,095 71.5 61,8 71.5 63.5 7.6
w:ZB 1032'»5 71.’.'- 62.0 71.2 6303 7.6
1425 1.59 71.3 62,1 71.3 63,0 8.2
11;.:25 108 7103 62.2 7103 6301 807
126 2,095 T1.2 62,0 T1i.1l 63.4 8.6
14227 2,595 T1.3 61,7 71.3 63.1 8.6
1:28 3,095 T1. 62,0 71.3 63.5 8.6 135
229  3.595 71, 62,3 T1.7 63.3 8.7
14:30 .09 72,0 62.5 72.0 63,6 8.7
14:30  4.595 T1.7 62,0 71 63.1 8.9
14:31 5,095 T1.7 62, T1.7 63,2 8.9
U233 7.095 72.1 62,3 72.1 62.9 9.1
135 9,095 69.3 62,5 72.0 63.6 9.0
1236 189
‘ Test No, 11 Date Aug., 17, 1953 Sta, 5
0.020 73.3 63.6 73.3 65.0 0
0.025 73.8 63. 3.4 65.5
0.030 731 63.2 73.1 65.3
0,035 73.1 63.7 73.1 65.5
0,045  73.6 63.6 73.5 65,5
0.055 73.1 6l1.0 73.1 65.3
0,065 73.3 64,0 73.3 65,3
0,075 73.0 63.4 73.0 65.3
0.085 72,6 63,7 72.6 65.0
0,095 72.7 63.5 72.7 65.0
0.120 73.1 63.6 73.1 6&.2 3.0 68
0.1%5 73.0 6l ,0 73.1 6l .0 3.
0.170 72.7 63.8 72.7 6l .1 3.5
0.195 73.1 6l.0 73.3 6l .0 3.9
0.245 73.5 64,0 73.5 64,0 L.6
«295 73.9 6ly.1 73.9 6.0 L6
o' 5 73"+ 63.8 73. 63.8 l‘.a
0.395 74..0 6l.1 74,0 6.1 5.2
0.495 73.6 64.0 73.6 6.1 5.3
0,595 73.6 63.3 73.5 63.3 5.6 113



Time Height Forward tunnel Traverse Traverse Quantity
of above psgghrometer psychrometer wind of water
day terrain Tpp- T OF OF velocity evaporated

Thermo, Tﬁgrmo. Thermo, Thermo,

Inches #l41 #51 #l2 #52 ft/sec ce
5:1,0 o°23; o 17 8 63.6 3.8 63.6 5.8
1 : - 30 L ) 7 L ] 30 L
15:41 1,095 73.8 63,0 73.8 63.0 6.5
15:42 1,345 7hel 6,0 h.1 6l .0 6.6
15:43 1,595 7349 6.0 73.9 6L.0 7.0
153’.]1.(. 108,.].5 739 61]..1 73.9 6)-]--1 T7
15:1% 2,095 4.0 6l.0 7440 6l..0 7.6
15zl 2.595 73.6 63.9 73.5 63.8 7.8
15:1&6 3.095 7306 6&-01 7306 6’4..1 8.2
15:46 3,595 h .2 63.1 The2 63,2 8.3 167
15:48 095 49 63.6 L9 63,6 8.3
15:49 14.595 4.8 62.7 . 62.7 8.7
15:50 5,095 7l.8 63.0 o8 63.0 8.9
15:52 7.095 75.9 63.1 75.9 63.0 8.7
15:54 9,095 76.1 63.6 T6.2 63.6 8.7
15:55 233
Test No, 12 Date Aug, 18, 1953 Sta, 1
10:40 0,030 73.6 62.1 66.0
10:41 0,040 73.5 62.3 65
10:) 0.060 73.3 62.7 66,
10: 0.080 73.5 62. 66.0 63.0
102} 0.100 74,0 62, 66.7 62.8
10:50 0,220 4.0 62.4 67.6 62,11 0.30
10:58 0,620 7h .6 61,7 70,3 61,8 1.2
11:01 1,220 The7 62,3 T1.L 61.6 1.6
11:03 1,720 4.9 62.0 72.3 1. 1.8
11:0p 2,220 75.0 61.8 72.6 61.3 2.2
11:05 3,720 75. 61,7 h.1 61,7 2.4
11:06 5,220 75.0 61.8 The 1, 2.3
11:10 7.220 753 61,8 The5 61.8 2.2
11:12 9,220 75.1 61.8 h.? 61.8 2.2
11:13 3
Test No. 13 Date Aug 18, 1953 Sta, 2
13:58 0,020 h.2 59,5 72.1 66,0 0
13:59 0,030 4.0 59.6 70.0 66.8
1:01 0,060 he2 59.2 69.4 65,7
1:02 0,080 73.9 59.0 69.9 6L..9
14:03 0.100 73.8 59.9 70,0 6.0

1y:0h 0,120 73.7 59,0 69.7 6.0
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Time Height Forward tunnel Traverse Traverse Quantity
of above psychrometer gsychrometer wind of water
day terrain Tpp- Tpw-°F F OF velocity evaporated
Thermo. Thermo. Thermo. Thermo.
#ly1 # ce
Test No. 13 (Cont)
14:06 0,170 73.7 59.0 69,9 63.2 0.31
1:07 0.220 73.4 59.1 70.4 62,8 0,38
14:09 0,320 73.2 59.1 69.9 62.7 0.55
1!'.:11 0.20 7361 58 2 T0.7 62.2 0.93
1213 0,620 73.0 58.9 70,8 61.h 1.2
1:17 1,220 72.5 59.8 71.3 61.1 2.2
1218 1,720 72.2 59.2 72.2 60, 2.4
19 2,220 72.6 58,9 72.6 59. Z'ﬁ
m=22 3.720 7206 5906 7206 59.9 2e
U2y, 5.220 72,8 59.3 72.8 59.8 2.4
14:27  7.220 72.8 59.3 72,8 60,0 2.t
Uyp:29 9,220 72.5 59.1 72.5 59.8 2.y
1230 67
Test No. 1 Date Aug. 18, 1953 Sta. 3
U 0,020 73.5 59.3 71.8 61.8 0
143 0,030 75.5 59.7 73.0 60,8
iy:4l  0.040 75.9 59.1 73.0 60.9
U:h5 0,060 76.0 60,1 72.1 61.8
U6 0,080 76.1 60.7 73.1 61.8
14:49 0,120 76.5 62.0 73.4 62,0
11;.350 0.170 7603 62, 7263 62,7 0,30
151 0,220 76.5 61, 72.6 62.9 0.31
152 0,320 76.3 60,7 73.5 62,0 0.36
1y:53 0,420 76.9 60,9 73.9 61.2 1,0
125 0,620 76. 60,5 7h .0 60,5 1.0
14:55 0,820 76. 59.6 4.6 60.l 1.2
15:00 1,220 77.0 61,0 75.5 61,0 1.6
15:02 1,720 77.2 61,1 76.2 61,0 2.2
15:03 2.220 77.2 60.5 754 60,5 2.2
15:06 3,720 76.5 60 .1t 76,0 60,5 2.3
15:08 5,220 76.2 60,} 76.2 60,4 2.3
15:10 7.220 76.6 61.3 76.6 61.3 2.3
15:12 9,220 76.6 61.h 76.6 61.4 2.3
15:1 8y
Test No. 15 Date Aug, 18, 1953 Sta. It
15:2 0,020 75.3 60,6 71.1 6l .9 0
15:27 0,040 7542 60.9 71.3 6l.h
15:28 0,060 75.2 60.5 71.6 6.3
15:28 0,080 75.2 60.h 7243 63.
15:29 0,100 75.2 59.7 72.2 62,

15:31 0.120 75.2 59.5 72.1 62.5
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Time Height Forward tunnel Traverse Traverse Quantity
of above psychrometer B;ychromoter wind of water
day terrain Typ- Taw=-°F oF velocity  evaporated
Thermo., Thermo, Thermo, Thermo,
Inches ﬁl ~ #51 #y2 #52 £t/sec ce
Test No. 15 (Cont)
15:32 0.170 5.4 59.6 72.6 61,
15:33 0,220 75.4 60.5 72.6 60,8 0.30
15:34 0,320 75 .lg 60,0 73.5 60.h 0.%9
15:35 0,420 4. 61.2 73.5 61.2 0,82
15:36 0,620 4.8 61,2 73.6 61,2 1.2
15237 0,820 7’-'-.6 61 3 73-5 61,3 1.6
15338 1.220 7ll-o7 6103 7306 6103 107
153!...1 1,720 71&-% 61 9 73.0 61 9 2-!‘-
15:43 2.220 4. 61.9 73.3 61.9 2:3
15:45 3,720 73.8 61,8 73.7 61,8 2
15:47 5.220 73.1 62, 73.1 61,8 2.y
15:48 7.220 73.3 61. 73.2 61.8 2.3
15:49 9.220 73.4 62,6 73.4 62,6 2.3
15:50 58
, Test No, 16 Date Aug, 18, 1953 Sta. 6
16:01 0,020 71.8 60,9 72,8 0
16:03 0,030 72. 60,9 72,8 65.2
16:04 0,040 724 61.h 73.0 65.3
16:08 0,080 72.1 61.3 7249 6.y
16:09 0,100 72.7 61.5 73.0 63.5
16:09 0,120 72.5 61.3 72.6 6.5
16:11 0,170 72.1 61.5 72.2 62,8 0.30
16:15 0,220 71.6 61, 72.2 6243 0.66
16:16 0,320 72.1 61, 72.1 61,6 0.82
16:19 0,420 71.6 61,6 71.6 62,6 0,90
16:20 0,620 71.5 60,5 71.5 61,6 1.6
16:22 0,820 72.4 61,6 72.4 61.6 1.4
16:23 1,220 72.5 61.3 72.5 61.4 2.1
16321'. 1.720 72.6 62.0 72.3 62.0 2.2
16:25 2,220 72.7 61.9 72.7 61,9 2.2
16:27 3,720 T72.9 60,l; 729 60, 2.2
16:29 5,220 73.1 59.3 73.0 59.3 2.2
16:30 7,220 73.3 60,0 73.3 60,0 2.2
16:31 9,220 73.3 60,0 73.3 60.C 2.2
16:32 77
Test No, 17 Date Aug, 19, 1953 Sta, 1
9:53 0,020 6749 58,2 6l .l o}
9:55 0,030 68,0 58,0 6.7
9:56 0,040 68.0 58.3 6.7
9:57 0,060 68,0 58.1 65,2
9:59 0,080 69,0 58.6 65.7 59.6
10:00 0,100 68.7 58,3 65,2 59.4 1.5
10:01 0,120 68,7 58.3 65.5 5943 1.8
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Time Helght Forward tunnel Traverse Traverse Quantity
of above psychrometer g;ychrometer wind of water
day terrain Tpp- Taw=°F op velocity evaporated

™o, rmo, Thermo, Thermo.
Inches _  # _ _ 7 #l #, s,

Test No. 17 (Cont)

10:02 0,170 68,6 58.1 65.7 59.2 2.2

10:03 0,220 68.6 58.2 66.04 59.1 2.3

10:0 0.320 68.6 58,3 66,3 58,8 2.7

10:0 0.20 ga.; gg.é 2;.2 gg.i g.g

10:09 0,620 9e 2 . . .

10:10 0;820 69 06 59 03 68 ol 59 03 302

10:11 1,220 69,2 58,7 67.9 58.7 3%§

10:12 1.720 69 03 59 <0 68.2 59 0 3.

10:13 2,220 69.0 58,8 68,2 58,8 3.8

10:16 3,720 69., 59.1 69.1 59,0 ho3 56

10:18 5.220 69 .5 SB 08 69'5 58 9 l‘--3

10:20 7.220 69.3 59,2 69.5 59.2 L.5

10:21 9,220 69.3 59.2 69.3 59,2 L5

10:22 89
Test No, 18 Date Aug, 19, 1 Sta. 2

10:33 0,020 69.1 58.9 65.9 59.9 o

10:35 0,030 69.9 59.1 66,1 60,0

10:36 0,.0L0 69,8 58,7 66.3 60,1

10:37 0,060 70,1 58.8 66.3 60,2

10:38 0,080 70.6 59,0 66,1, 60,0

10:39 0,100 703 58.7 66,3 60,0 1.3

10:41 0,120 70'5 58.9 66.3 60,0 1.%

10:42 0,170 69. 58.6 67.0 60.3 2.

10:43 0,220 70.3 59.2 67.3 60,0 2.4

10:&& 0.320 71.0 59.5 68.0 60,2 2.4 31

10:h 0.]120 71.0 59,1 67.6 60.0 2.7

10:49 0,620 70.7 59 .5 68.L 60,1 3.1

10:51 0,820 1.4 59,7 69,0 60,2 3.2

10:53 1,220 71.3 60.1 69.1 60,1 3.6

10:55 1,720 70.8 59.4 70.4 59 .8 3.5

10:56 2,220 70,8 59.5 70.3 59.5 3.7

10:58 3,720 71.1 60,0 71.1 60,0 ol

11:00 5,220 70.8 59,1 70.8 59.3 L.

11:02 7.220 71, 59,2 71.5 60,6 h-%

11:03 9,220 71. 59.1 71.h 59.1 4.

11:04 104
Test No, 19 Date A 19, 1 Sta

11:14 0,010 72.9 58.6 70,2 60.L o

11:15 0,020 73.5 59.6 70.8 60,5

11316 0-030 72 07 59 9 70. 60 03

11:17 0,050 73.4 60.1 70. 60.7

11:18 0,070 73.5 5949 71 60,8

11:19 0,090 73.4 59.5 70.4 60,0

11:20 0,110 73.0 58.6 70.5 59 .8 1.5
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Time Height Forward tunnel Traverse Traverse Quantity
of above psg;hrometer psychrometer wind of water
day terrain T,,- T oF OF veloclity evaporated

Thermo., Thermo. Thermo, Thermo.
Inches 1 2 2 ft/sec ce

Test No. 19 (Cont)

11:21 0,160 72,9 59.8 70,8 60,1 2.0
11:22 0,210 73.7 60.1 71.8 60. 2.1
11:23 0.310 7349 60,0 72.2 60. 2.2
11:25 0.410 7h.6 60.Y 72.8 60,6 2.
11:26 0.610 4.3 60,1 72.6 60,5 2.7
11:27 0,810 75.1 60,1 73.8 60,8 3.0
11:28 1,210 4.3 60,2 73.4 61, 3.1
11:29 1,710 75.2 60,3 The3 61,3 3.2 Lo
11:30 2.210 73.8 60, 73.8 61.6 3.5
11:31 3,710 4.6 59.2 72. 61.0 L.l
11:33 5.210 Tho5 60.4 73. 62.6 4.2
11335 70210 75.2 6100 7502 6300 l‘-.l
11:36 9.210 75.8 61,2 75.8 63.8 k.1
11:37 80
Test No, 20 _Date Aug, 21, 1953 Sta, 1
9:27 0,010 9 58.6 63.2 0
9:28 0,020 22.2 59.0 6&.0
9:30 0,030 65.0 58.7 63.7
9:31 0,050 65.3 59,0 63.6
9:33 0,070 65.9 59,0 6l .5
9:35 0,090 65.7 58.6 63.8
9:39 0,160 65.3 58.8 6l .l 7.9
9:41 0.210 65.3 58.7 6l.1 8.1 35
9:43 0.310 65.9 59.0 6l .6 8.2
9sl4ly 0,410 66,7 59.2 65.3 8.7
9:447 0,610 6743 59.5 66,0 9.3
9:50 0,810 66,7 59.8 65.3 9.3
9:52 1,210 67.6 59.5 66.2 10,3 75
9:53 1,710 66,9 59.4 66,2 12.0
9:52 2.210 66,3 59.2 65.9 12,5
9:5 3.710 66,8 59.5 66,2 12.8
9:59 5.210 67.8 60.1 67.6 13.0
10:02 7.210 68.1 60.7 68.1 13.4
10:03 131
Test No, 21 Date Aug. 21, 1953 Sta, 2
10:18 0,020 68.6 61.3 65.8 61.7 0
10:19 0,030 68.9 60, 66,0 62,0
10:20 0,040 67.1 61.0 654 61.8
10:22 0,060 68. 61.5 66,2 62.3
10:24 0,080 69.9 61,7 66,6 62,2
10:25 0,100 68,2 61.2 66, 61.8 6.8
10:27 0.170 69.5 61.8 66.9 61,8 8.2
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Time Height Forward tunnel Traverse Traverse Quantity
of above psychrometer psychrometer wind of water
day terrain T D-gF Taw- op o velocity evaporated
ermo. Tﬁermo. Thermo, Thermo.
Inches ﬂ;_ #51 ; : ft/sec ee
Test No. 21 (Cont)
10:27 0,220 69,0 61.7 67.2 61,7 8.3
10:28 0,320 69, 62,2 67.7 62,2 8.9 23
10:31 0.%20 69, 61.7 67.7 62,0 9.3
10:33 0,620 69.9 61.h 67.2 61.h 9.7
10: 0.820 68, 61, 68.1 62,0 10,0
10:3 1,220 69.8 61.5 68.6 61.6 11,2
10:37 1.720 68,8 61,6 68.8 62,0 11.5
10:38 2,220 69.4 61.9 69.2 61,8 12,5
10:40 3,720 70.9 62,5 70.9 62,1 12,8
10:42 5,220 70, 62,7 T70.7 62.7 13.4
10:45 7.220 69,9 62,5 69.9 62,5 13.
10:46 82
Test No, 22 Date A 21, 1 Sta
10:55 0,020 71.3 62.0 69.5 62.6 0
10:56 0,030 72.5 62,2 70.1 62.4
10:58 0,040 69,9 62.3 69,8 62,5
10:59 0,060 71.2 62,6 T0.4L 62,6
11:00 0,080 71.3 63.1 70.3 63.1
11:01 0,100 70.5 63,1 70.2 63,1 7.5
11:01 0,120 71,0 63.0 70.8 63.0 8.0
11:02 0.170 72.2 63,0 T1.7 63.0 8.7
11:03 0,220 T72.9 62.7 71.0 62,2 8.2
11:0 0.320 7007 6205 7003 6207 903
11:0 0.420 71.L 62.8 71.3 62.7 9.5
11:07 0.620 T1.7 62.3 71.6 62,3 10.0
11:08 0,820 72.1 62.1 70.7 61.9 10.5
11:09 1,220 70.7 61.9 71.3 62.8 12,0
11:13 3.720 72.7 62.1 72.1 63.5 13.5
11:15 5,220 72.0 62.2 T2.1 62.7 13.
11:16 T7.220 72.2 62,7 72.2 62,7 13.
11:17 8y
Test No, 23 Date Aug 21, 1953 Sta. It
11:26 0,020 T72.6 62.3 70.4 0
11:27 0,030 72,0 61,7 70.3
11:28 0.0%O 72.2 62,2 71.1
11:29 0,060 T2.5 62,0 70.9
11:30 0,080 72,6 61,7 71.2
11:31 0,100 72.2 61.7 70.8 62,7 2.3
11:32 0,120 71.6 61,8 70.3 62.5 2.4
11:33 0,170 71.8 62,0 70.8 62,2 2.9
11:34 0,220 72.5 62,7 72.0 63.1 3.3
11:3% 0.320 72.6 62.1 714 62.7 7.5 35
11:3 0.420 72.0 62.3 71.2 62.3 10.1
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Time Height Forward tunnel Traverse Traverse Quantity
of above psgychrometer psychrometer wind of water
day terrain Tpp- T velocity evaporated

Thermo. ermo, Thermo. Thermo,
. Inches 1 #51 2 f£t/sec ce

Test No. 23 (Cont)

11:37 0,620 72.1 61.4 714 62,5 10,3
11:38 0,820 71.6 62.3 1.4 63.0 11.3
11:41  2.220 72,2 61.8 71.6 62.1 12.7
11:43 3.720 72.2 62,2 72.2 62,6 13.0
11:4), 5,220 72.1 61.8 72.0 62,7 13.5
11:45 7.220 71.7 61,0 71.7 62,6 13.5
11:46 108
Test No, 2l Date Aug, 21, 1953 Sta, 6
11:5] 0,020 71.9 61,7 71.9 62,6 0
11:5 0.030 72.2 61,8 71.6 62,5
11:57 0,040 71.8 61.7 71.5 62.6
11:57 0,060 71. 61,9 71.5 62.6
11:58 0,080 72.1 61,8 71.0 62.
11:59 0,100 71, 61,3 71.6 62. 7.2
12:00 0,120 71,6 61,8 71.7 62,7 7.5
12:01 0,170 72,2 61,8 71.6 62.6 8.6
12:02 0,220 71.6 61,9 71, 63,1 8.4
12:03 0,320 72.2 62,2 71.3 63.0 9.3 33
12:05 0.220 71.7 61.8 71.7 63.1 9.5
12:06 0,620 71.7 61,8 71.7 62,9 9.
12:07 0.820 71.6 62.3 71,2 63.; 10.2
12:09 1,720 71.2 61.3 71, 62,8 11,
12:10 2,220 1.4 61,6 71, 62.8 12,0
12:14 5.220 71,6 61.h 71.5 63.2 13.5
12:15 T7.220 T1.7 62,7 71.7 63.6 13,5
12:16 11}
Test No, 25 Date A 1 Sta, 1
9:26 0,040 73.0 59,5 67.7 58.2
9:27 0,050 730!‘- 60,5 6805 59,1
9:28 0,070 73.0 59.2 68.5 57.8
9:29 0,090 73.2 60,6 68.8 58.3 48
9:31 0.110 72.7 61.5 68,9 59.0 10.1
9:33 0,130 73.1 62.7 69.4 58.8 10,1
9:34 0,180 73.8 62,2 70.3 58.6 11.5
9:35 0,230 73.0 62,8 69.6 58,7 11.7
9:38 0.430 73.0 60,9 70. 60,0 12.3
9:39 0,630 73.L 61.0 71.6 60.l 12,7
9:40 0,830 73.5 61.5 71.9 60,9 13.6
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Time Height Forward tummel Traverse Traverse Quantity
of above psgchrometer psychrometer wind of water
day terrain op OopF velocity evaporated

Tﬁnrmo . 'l'germo « Thermo., Thermo,
Inches #52 rt/sec ce

Test No, 25 (Cont)

9:41  1.230 4.7 61, 72.6 61. 1.6

9:42 1,73Q 4.6 61, 73.6 61, 15.2 181

9:45 2.230 4.0 61,7 72.8 61.4 15.7

9:47  3.730 73.8 60.9 72.7 62.7 17.8

9:49 5.230 73.4 60.5 73.4 62,2 18.0 250

9:51 7.230 74..0 60,3 4.0 62.5 18.0

9:52 279
Test No, 26 Date Aug, 2, 1953 Sta, 2

10:07 0,030 75.7 61.3 69.8 604 0

10:08 0,040 7.8 61,0 69.8 60,1

10:09 0,050 75.2 61.5 70,0 60.L

10:10 0,070 Th .9 61,6 70.5 60,5

10:11 0,090 76,0 61.8 70.3 60.8

10:12 0.110 75.7 61.8 71.2 60,6 11.6

10:13 0.130 75.7 61.9 71.3 60,6 11.8 {4

10:1} 0.180 75.6 61,7 72.3 61.1 12.0

10:15 0,230 75. 61.8 71.8 61.1 12.5

10:16 .330 75.6 61,8 72.2 61,0 12,8 86

10:19 % 76 03 62 oll- 73 ol 61 .5 1305

10:20 © 76.1 62.1 73.8 61.2 13.

10:21 O 830 76.7 61.8 74 .8 62.0 15.2

10:22 1.230 76.4 62. 7h.h 61,3 15.8

10:23 1,730 76.1 62, 75.5 62.7 16.0 131

10:25 2.230 76.7 63,5 76.3 63.5 17.0

10:27 3.730 76.6 63.0 76.5 63,2 18.4

10:29 5,230 76.4 63.2 76.4 6l,0 19.5 173

10:30 7.230 77.0 63.5 17.1 6.9 19.0

10:31 206
Test No, 27 Date Aug, 2, 1953 Sta, 3

10:)3 0,040 78.8 63.2 76.6 6.8 0

10:45 0,050 78.2 63.6 76.7 6l .6

10:46 0,060 78.5 63.1 76.5 6lL.7

10:48 0,080 79.3 63.6 7744 65.0

10:49 0,100 78.6 63,6 77.0 6lL.6 11.7 35

10:50 0,120 78.4 6.1 77.0 65.0 11.9

10:51 0,140 78.4 6.0 77.0 65.4 11.9

10:52 0,190 775 63,7 771 65.% 12.0

10:53 0,240 78.3 6l 775 65. 12.8

10:53 0,340 78.8 6.2 78.1 66,0 13,5 76

10:55 0.1ho 79.3 65,0 78.8 66,3 13.8

10:57 0,640 79.7 .6 78.1 66,9 14.7

10:58 0,840 78.8 6l1.2 78.4 66,2 15.5

10:59 1,240 79.4 65,1 79.3 66,8 16,2 122

11:00 1,740 79.3 6.6 79.3 66,8 17.0
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Time Height Forward tunnel Traverse Traverse Quantity
of above psgchrometeBF psychrometer wind of water
day terrain Tap-'F w op op velocity evaporated
Thermo . Tharmo e Thermo., Thermo,
o8 #51 #.2 #52 ft/sec ce
Test No. 27 (Cont)
11:02 2.240 79.7 6l .9 79.7 67.6 12,7
11:04  3.740 79.7 6l .9 797 67.2 18,5
11:05 5.240 80.5 65.0 80.5 67.8 19.0 174
11:07 7.240 79.8 65.h4 79.8 67.9 18.8
11:08 216
Test No, 28 Date Aug. 29, 1953 Sta. L
11:20 0,030 85.% 67.1 77.0 o}
11:21 0,040 85, 66,8 77.6
11:23 0.070 82. 66,3 78.1
11:2f 0,090 80,6 66.7 e 66.7
11:25 0.110 82,2 67.3 78.7 67.3 3.2
11:26 0,130 82.3 67.1 78. 67.1 3.6 32
11:27 0,180 82.3 67.0 78. 67.0 %.5
11:27 0,230 82.4 67.0 80,5 67.0 o7
11:28 0,330 82.3 67.2 80,2 67.3 10.8 65
11:31  0.430 82.5 66.3 79.5 66.3 13,0
11:32 0,630 81.9 66,1 80, 66,1 13.8
11:33 0,830 82.3 66,3 80,5 66,2 12.&
11: 1,230 82.3 66,0 80,6 66.1 16.0
11:3 1,730 83.5 67.2 81.6 67.1 16.8 131
11:38  2.230 82.9 67.5 81.7 67.5 16,9
11:40 3.730 82.8 68,9 82.8 68.9 17.0
1142 5,230 82.9 68,2 83.0 69.8 18.0 193
1l:h)y  7.230 83.2 67.7 83.2 70.0 18.0
11:45 242
Test No. 29 Date Aug, 27, 1953 Sta. 1
14:07 0,010 82,3 65.3 .3 0
14:08 0,020 82.2 65.3 7ﬁ.u
14:09 0,030 82,2 65,1 .3
14:10 0,050 81.9 6l .9 h.ly 69.9
14:11 0,070 82.4 65.1 76.1 69.];
1;:13 0,090 82.3 65,1 75.0 69.0
i1y 0,110 82,2 65.0 75.3 68.8 0.25
14:15 0.160 81.9 65.3 76,2 68,5 0.t
16 0,210 81.9 65.5 7643 68, 0.55
14:18 0,310 81.9 65.2 775 67.0 0.86 35
121 0.%10 81.9 65,0 78.8 66.8 1.1
1Wy:22 0,610 81.9 65.2 79.7 66.2 1.3
14:23 0,810 81.9 6lL..9 80.3 65.7 1.9
1&:2% 1,210 81.8 65,1 80,6 65.1 2.5
1Y:2 1,710 81.9 6l..9 81.0 6.9 2.6
127 2.210 81.8 65,2 81.0 65,2 2.8
14:29 3,710 81.9 65.3 81.1 65.4 2.8
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Time Height Forward tunnel Traverse Traverse Quantity
of above ps chz"omei;e'gF psychrometer wind of water
day terrain T D-XF Taw- op of velocity evaporated
ermo., 8IMmo. Thermo., Thermo.

Inche #l  #o1 #2  #52 ft/sec _ce _
Test No. 29 (Cont)

1431 5,210 81.7 65.3 81.1 65.3 2.8

14:32 6,710 81.4 65.54 81.2 65. 2.8 70

Lyl 107

Test No, 30 Date Aug, 31, 1953 Sta, 6

15:32 0,010 91.9 70.8 86.3 72.4 0

1533‘.‘. 0,020 92,0 6901 82.? T2.7

15:35 0,030 91.3 69.5 86.3 71.8

15:36 0,050 91.% 69.6 86.3 69.5

15:37 0,070 90, 69,7 86,5 69.7

15:39 0,090 91.5 70,0 86.6 68.2

15:40 0,110 91,8 70.5 87.1 67.7

15:41 0,160 91.9 70.3 87.0 66,2

1;:&& 0.213 gl.g ;1.% gg.g gg.; 0.26 %

15: 0-31 1. 1. . . 0.37

15:47 0.210 92.3 72.2 87.5 65.9 0.60

15:50 0,610 92.3 73,0 88.1 65.6 1.3

15:52 0,810 91,6 Th 9 88.6 65.9 1.5

15:5 1.210 92.3 7902 89.!{- 6507 1.9

16:0 1.710 92,8 69,0 89.4 65.7 2.0

16:08 2,210 92,2 68,6 90,4 65,9 2.1

16:10 3,710 92, 68,7 90,7 66. 2.0

16:13 5.210 90, 68,2 90 66, 2

16:15 6,710 90.3 67. 90, 67. 2.4

16:16 226

16:26 281

Test No, 31 Date Bept, 21, 1953 Sta, 6

14:15 0,010 66,0 51,0 65.6 52,5 o}
0,020 65,6 S51.h 65.9 52.8

12y 0,030 65.1 51,5 66.7 52.7 58
0,050 65.9 51.3 66,7 52.8
0.070 67.0 52.1 66,7 52.7
0.090 6742 51,5 66,5 52.7
0,110 67.2 51.3 66,7 52.7 L.

1:31 0,160 67.3 8.1 67.1 53.1 4.6 112
0.210 66,7 50.4 66.5 52,6 L.7
0.310 67.5 51.3 67.8 53.1 5.0

hh1 o410 66,7 51.% 66,7 52.7 S.g 168
0.610 66.3 50. 66,3 52.5 S.
0.810 66,0 50.5 65,9 52.3 6.0

U6 1,210 65,9 50.4 65.9 52.5 6,6 207
1,710 65,8 50.3 65,8 52.7 7e2
2.210 650 50,2 66.6 52.8 73

14:53 3,710 677 51.8 68,1 53.7 7.9 250
5.210 67 50,8 67.1 53.2 8.0

Uy:58 6,710 6549 50.4 65.8 53.7 8.1 276
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Time Height Forward tunnel Traverse Traverse Quantity
of above psgghrometegp psychromeger ;1ngt of wat:rd
Tan~- T oF P veloc evaporate
day terraln Tﬁgrmo. Tﬁg;mo. Thermo, Thermo, 7 P
Inches ﬁ&l #51 #1.2 #52 f£t/sec ce
Test No. 32 Date Sept, 22, 1953 Sta, 6
12:14 0,020 84.1 57.2 80.1 58,2 0
0,030 8l L 58.1 80,0 58,8
O. %0 84.7 57.9 80.6 58.7
12:18 0,060 84.2 58.1 80,7 59.1 L2
0.080 8L.1 57.3 80,4 58.2
0,100 8.6 58,2 80.7 59.2 3.8
0,120 8.5 58.2 81.2 59.3 .0
12:22 0,170 8l1.5 58,2 81,1 59.2 o3 79
0.220 85.4 58.7 81.0 59.5 L.7
0,320 85.3 58.6 81.2 59.9 L.9
12:26 o.%zo 8l .6 58.3 81.9 59.9 S.h 120
12:30 0,620 85.2 58.3 81,7 Sl 161
0.820 85.2 57 .6 81,2 5.9
1,220 85.5 57.2 82.4 6,2
12:34 1,720 85.5 57 .6 82.5 6.6 200
2.220 86.6 57.6 8.1 T.0
12:38 3,720 8L..9 58.6 8.2 7.9 240
12:41 5.220 86,2 58,3 8.5 8.0 250
12:42 6,720 85.6 57.9 8.5 8.1 280
12:46 320
Test No, 33 Date Sept. 22, 1953 Sta., 1
13:23 0,030 86.6 579 78,0 59.8 0
13:25 0,040 85.4 57.8 78.3 59.2
13:30 0,070 8.7 57.6 78.2 59.0
13:31 0,090 8.8 58,0 78.8 59.h 96
13: 0,110 86,2 57.8 78,6 59.1 3.9
13:3 0,130 86.5 58.2 79.5 59. L0 135
13:38 0,180 87.1 58,0 79.9 59.3 h.3
13:39 0,230 86,8 58.3 80.L 59.5 4.5
13:41 0.330 86,7 58.1 81.3 59.3 L.6
13:42 0.230 87.1 58.5 81.3 59.2 5.0 182
13: 0.630 87.7 58.2 82.3 59.9 5.6
Dl ome e =n o 23
13: 1.23 3 . o o o 0
13:1}9 1.730 8700 5805 8’-‘-07 60, 6-3
13:50 2,230 86. 58,0 85.7 60,2 6Ji
13:53 3,730 87.3 S7.8 85.0 59.7 T ol 30
13:55 5.230 87.2 58.8 87.0 60, Te 33
13:57 6,730 87.6 58,6 87.4 60, TeT
13:58 365
Test No. 3 Date Sept. 22, 1 Sta. 2
14:15 0,020 87.7 58.1 79.3 60,3 0
1416 0,030 87.7 58,2 79.7 60,2
1’.],317 0.0’.},0 88.0 5803 7905 6003
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Time Height Forward tunnel Traverse Traverse Quantity
of above psgchrometer psychrometer wind of water
day terrain Tap-°F Tyyw=-°F op oF velocity evaporated
Thermo, Thermo, Thermo, Thermo,
Inches  #41  #31 __ #h2  #52 ft/sec ce
Test No. 34 (Cont)
14:18 0,060 87.5 58.3 79.3 60,7 31
14:19 0,080 88.1 58.6 197 60,6
14220 0,100 88,0 58.8 80,7 60.3 3.7
Y21 0.120 88.8 58.6 81.1 60.8 L. 49
1h:22  0.170 87.9 59.0 80.7 60,7 .6
123 0,220 88.7 59.4 80.8 60,8 .6
14:2, 0,320 88.6 59.1 81.8 60.4 4.6 76
24 0,420 89.2 59.0 82.3 61,2 5.4
1:27 0,620 88.0 59.0 81.9 60.6 5.1 120
U:29 0.820 88.3 59.2 8.3 60,5 5.8
1230 1,220 87.8 59.0 8y.7 60, 5.8
UYy:32 1,720 88.L4 59.0 86.1 60, 6.6 175
1Yys33  2.220 88.1 58.9 86,1 60,6 6.7
U235  3.720 88. 59.6 86.6 61.3 7.5 205
14:37 5.220 88, 59.4 87.0 61.8 7.5 227
1,:38 6,720 89.1 59.4 88.8 61.8 7.7
14:39 250
Test No. 35 Date Sept, 23, 1953 Sta. 6
11:22 0,050 797 50.3 17.3 0
11:2% 0,060 79.4 49. 77.1 36
11:2 0,070 79.3 u9. 77.0 65
11:28 0,090 78.8 9.1 76.7 96
0.110 79.3 49.5 7. 6.1
11:30 0.130 79.2 49.7 76. 6.2 130
0.150 79.2 49.1 77.1 6.7
11:32 0,200 79.6 49.7 77. 7.3 159
11:3% 0,250 79.6 49.9 77.0 7.5 192
11: 3 0.350 80.3 50.1 77.6 T.7 22l
11:38 0.450 79.6 49 .5 774 8.6 230
11:40 0,650 79.6 L49.6 779 8.8 286
11:42 0,850 80.2 50.1 77 .9 9.2 312
1.250 79.7 50.5 779 10,0
11:&% 1.750 79.7 50.1 78.4 10.1 342
11z 2.250 79.7 50.2 78.0 11.1 372
11:48 3,750 79.6 50.3 78.3 1.1 4,03
11:50 5,250 79.5 49.6 79.1 15,0 L37
11:52 6.7%0 79.4 50.4 79.2 .1 465
11254 Loy
Test No. 36 Date Sept. 23, 1953 Sta, 1
12:23 0,030 81.0 50.4 75.0 0
12:25 0,040 80,2 50.3 Th.3 33
12:27 0.050 80.3 49.6 7u.g 66
12:29 0,070 80.6 50,0 7. 95
12:31 0,090 80.7 50,7 75.7 123

0.110 8o, 50.7 75.1 6.4



110

T1ime Height Forward tunnel Traverse Traverse Quantity
of above pnghrometeg sychrometer wind of water
day terrain gF‘ oF velocity evaporated
Tﬁemo o Tﬁe r™Mmo. Thermo. Thermo,

Inches #41 #51 #y2 #52 ft/sec ce
Test No, 36 (Cont)

12:33 0,130 80.6 50,7 75 6.9 150
0.180 80,6 50.8 75.% 7.2

12:35 0,230 79.9 50.5 75.8 Te3 179

12:37 O, 330 79.8 50.L 76.2 7.9 211

12:39 O, ’g 80.6 51.3 7740 8.2 21,3

12:41 30 19.7 51.h 779 8.4 250

12:42 o .830 80,3 50,1 78.1 9.0 285

12:u% 1,230 80,6 50,2 797 9.0 310

122 1,730 81.3 50.8 78.4 10,0 338

12:48 2,230 80,6 50.5 79.1 10,0 366

12:50 3,730 80,9 50.9 80,0 14.0 398

12:52 5,230 81.3 50,9 81.0 1.1 h27

1225, 6.730 81.6 51.3 81.1 15.1 456

12:5 482

Test No. 37 Date Sept. 23, 1953 Sta, 2

13:20 0,040 80,7 50,0 7.8 0

13:22 0,050 81.0 50.l 75.1 35

13:2 0,060 80,7 50.5 Th. 63

13:2 0.080 81.h 50,0 75.7 89
0.100 81.1 50.5 76.2 6.2

13:28 0,120 81.0 50,6 7546 6.7 119
0.140 81.h 50.4 75.3 7.2

13:30 0,190 81.3 51.3 76.2 7.5 149

13:32 0,240 81,0 51.1 7547 8.3 178

13:3} 0,340 81.0 50.1 75.4 8.7 206
0.%'40 81.2 51.0 77.0 9.0

13:36 0,640 81.0 51.3 78.1 10.0 233

13:38 0,840 81.0 51,0 78.8 10.0 250

13:40 1,240 81,0 50.5 79.5 10,0 294

13:42 1,740 81.9 50.9 19.7 11.1 322

13:&% 2.240 81.1 50.9 79.7 11.1 346

13:46 3,740 80.2 50.7 80.2 1.5 375

13:48 5.240 82.1 50,7 81.9 15.0 2

13:50 6,740 81.5 50.5 81.5 15.9 437

Test No., 38 Date Sept. 23, 1953 Sta. 6

12 0,020 81.5 51,5 80,6 0

1y 0.030 82,2 50,8 79.8

121 0.0440 81.9 50,7 80.5

1217 0,060 80.9 50.9 80,0

1:18 0,080 81.5 51.1 80,5 62

14:19 0,100 81.8 51.3 80.2 6.3

1:20 0,120 81.7 51.4 80.5 7.0

1y:21  0.170 81.9 50,7 80,6 7.0 102

122 0,220 81.9 50.7 80.5 7.2

1:23  0.320 80.9 50.7 80.7 7.5 135
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Time Height Forward tunnel Traverse Traverse Quantity
of above psgchrometer psychrometer wind of water
day terrain Taw-°F op op velocity evaporated

Thermo, Thermo, Thermo. Thermo,
T : 1 #2 2 ft/sec ce

Test No. 38 (Cont)

1&:2% 0.420 80.7 50.8 80,2 7.5
12 0,520 81.3 51.8 80, 8.2 194
1h:28 0.820 80.9 50.6 80.1 9.0
1:29 1,220 80,6 51.2 79.9 9.3
130 1,720 80.7 50,9 80,0 10,0 248
W31 2,220 81.1 50,8 80.6 12.0 276
1433 3.720 81.3 51.3 81.2 13,0
14235 5.220 81.1 50.8 81.3 14,0 328
14:37 6,720 81,2 50,6 81.2 1.0
14238 355
Test No. 39 Date Sept. 2, 1953 Sta. 6
13:20 0,100 79.5 52,0 76.5 55.2 4.8 0
13:24 0.150 78.8 52.8 743 55.5 7.8 69
13:27 0.200 78.7 51.9 76.9 55.6 9.1 121
13:29 0,300 78.8 5.7 77.8 S5 10,0 158
13:31 0,400 78.4 5h.8 772 5.9 10.7 191
13:33 0,500 78.9 52.1 773 Sh.9 11 235
13:35 0,800 78.7 51.6 78 55,0 12,2 250
13:37 1,200 78.7 52.0 78.3 55.3 12,8 310
13:39 1,700 78.9 52.3 77.1 555 1.0 9
13:41 2,200 79.3 51.} 78.2 5%.9 15.0 385
13:43  3.700 78.5 51.9 78.4 56.6 15.5 L2l
13:45 5.200 77.5 51.9 78.3 55.9 16,5 463
13:47 6.700 77.6 52,2 77.9 58.1 16.5 500
Test No. LO Date Sept. 24, 1953 Sta. 1
14:07 0,100 78.7 51.7 4.8 7.1 0
14:09 0,150 79.0 51.1 73.4 8.5 h2
14:11 0,200 79.3 51.7 75.0 9.4 75
14:13 0,300 78.8 51.3 74.8 10.% 115
0.600 78.1 51, 76.1 11.6
14:17 0.800 79.9 50, 77.5 11,9 190
14:19 1.200 78.6 51.); 76.5 13.4 225
121 1,700 78.8 50,9 78.2 13.9 250
1223 2,200 78.8 50.9 77.8 14,3 306
1y:25  3.700 78.8 51.8 78.% 15,3 340
1327 5.200 79.0 51,2 78 16.7 378
1229 6,700 79.3 51,.lL 78.4 16,7 L1y
131 ys52
Test No, 41 Date Sept. 24, 1953 Sta, 2
1:48 0,050 78.6 51.8 73.9 52,2 0
14:50 0,100 78.8 51.7 73.9 55.0 9.8 30
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Time Height Forward tunnel Traverse Traverse Quantity
of above psg;hrometer psychrometer wind of water
day terrain Tpp- Taw-°F op velocity evaporated
Thermo. Tﬁamo. Thermo, Thermo.
Inches #41 #51 2 #52 ft/sec ce

Test No. 41 (Cont)

14:52 0,150 78.5 51.5 74.0 55.3 9.9 59
14:5 0,350 78.5 50. 73.9 Sh .l 11.h 132
0,550 79.6 51,3 75.5 Sh.7 12,0
14:58 0,750 79.2 51.8 76.8 5.6 13,0 17h
15:00 1.150 79.7 51.7 77.8 55.7 13.2 200
15:0 3.650 79.7 51.9 79.5 55.9 16,0 326
15:08 5,150 79.4 51.6 79.2 56.8 16.h 361
15:10 6,650 79.2 51.9 79.0 56.8 16.4 389
15:12 L29
Test No. lj2 Date Sept, 24, 1953 Sta, 6
+30 0,050 79.0 52.1 78.3 0
14:32 0,100 79.0 S1.h 78.4 7.9 34
143 0,150 77.5 50,9 7745 9.0 71
11].236 0.250 780’4 5009 7813 10.0 107
0.350 78.7 52,2 78.8 11.1
14:38 0.550 78.2 52.2 78.2 11.h m7
0,750 78.2 52.8 77 .8 11.9
0 1,150 78.7 51, T7.9 13.% 183
1 2.150 79.2 52.2 78.6 1.3 250
TR S S R A
Test No. U3 _Date Sept, 25, 1953 Sta, 6
11:45 0,030 65.8 51,7 63.7 52,0 0
0,040 6l.,0 51.3 63.0 51.7
0,050 64.3 50.3 63.1 51.7
0,070 6l 51.3 63.2 51.6
0.090 65.1 51,0 63.6 51.3 1.3
0.110 65,0 51.3 63.1 51.3 1.% ,
11:54 0.130 65.hL 51.5 63.6 5l1.3 1. 26
0.180 6L.3 50,3 63.3 51.7 2.0
0.230 63.1 50.1 62.7 51.4 2.2
0.330 65.1 50.9 6.0 514 2.6
0.630 66,2 52,2 65.1 52.3 3.1
0.830 66.1 52.0 6l 52.3 3.1
1.230 66.7 52.0 6.1 52.3 3.3
1.730 66.l 52,1 65.1 52.7 3.6
2,230 66.% 52.1 65.3 52.3 .0
12:10 3,730 66. 52.2 65.5 52.6 L.2 78
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Time Height FPorward tunnel Traverse Traverse Quantity
of above psgchrcmeter sychrometer wind of water
day terrain velocity evaporated
ermo . Tﬁermo « Thermo., Thermo.
Tnech # 1 #52 ft/sec ce
Test No. I}3 (Cont)
5.230 68.0 52,2 67.2 52,6 o2
12:18 6.730 66.7 52.2 65.8 53.0 h.2 106
Test No. Ll Date Sept. 25, 1953 Sta, 1
12:38 .030 69.0 53.3 63.6 5349 0
0.040 70.2 53.3 63.6 5.1
0,050 70.3 53.7 63,8 5.2
0.070 71.1 53.7 6l 6 Sh.3
0.090 72.1 53.2 65.4 She2
0.110 69, 53.2 6l .7 54.0 1.6
.130 69. 53.6 65.0 54.0 1.6
0.180 70.7 Sh.1 65.9 Sl . 2,0
12:49 «230 70.7 53.3 65, 5h.0 2.6 32
0.330 71.3 5.2 66, 5.2 2.6
0,430 T1.7 Sl .0 67.1 Sh.l 2.7
.630 70.2 53.7 67.8 53.6 3.1
0.830 71 Sh.1 68.0 Shel 3.1
12:57 1.230 69,1 Shl 6742 Sh.l 3.6 60
1,730 71.h 53.8 68.5 5l .0 b1
2.230 70,2 Sh.1 70.3 Shal 4.0
13:05 3,730 70.8 53.3 69,9 Sl o2 L.3 90
230 h.3 She5 73.1 55.9 k.3
13:11 730 73.0 54.8 72.6 56.2 L.3 111
Test No. L5 Date Sept. 25, 1953 Sta. 2
13:34 0,010 73.5 Sh.3 67.3 55.9 0
0,020 4.0 53.6 67.6 55.0
0.030 73.4 53.6 67.5 55.0
0,050 75.7 Sl 68.1 56,7
0.070 75.7 55.0 68.4 56.3
0,090 75.3 Sh.y 68.0 55.8
13:42 0.110 75.2 5.1 68.5 55.9 1.6 34
0.160 76.3 5h.5 69,2 559 1.9
0.210 4.9 S5 69.6 56,1 2.2
0.310 76.5 5L.0 70.2 551 2.7
0.410 76.0 55.0 70,7 56.3 2.6
010 75.2 Sh.7 71.2 55. 2.7
13:52 0,810 75.7 55.3 72.1 56,2 2.9 75
1.210 h .l 55.0 72.1 56.0 3.3
1.710 4.5 sh..8 73.0 56,0 3.6
2.210 75.6 55.1 h.2 56.3 3.5
13:58 3,710 75.6 55.% 75.0 57.1 3.8 100
5,210 75.8 5%. 75.3 572 .1
14:06 6,710 76.2 56.3 76.7 58.6 L.l 154
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Time Height Forward tunnel Traverse Traverse Quantity
of above g?hrometeg psychrometer wind of water
day terrain op veloclity evaporated
T ermo. Thermo. Thermo. Thermo,
Inches #141 #51 A2 #52 ft/sec ce
Test No, U6 Date Sept. 25, 1953 Sta, 6
Y2y 0,020 7745 56.9 72.9 57.6 o
0,030 77.1 57.2 73.5 57.6
cwe Iy g% mE o gy
0.080 172 56.3 73.3 57.2
14:33 0.100 78.2 57.2 h.ly 57.6 0.34 39
0.120 78.2 56.9 73.4 57.8 0.32
0.170 177 57.3 73.9 57.7 0,62
0.220 77.5 56,7 73.9 57.7 0.86
0.320 e 56.8 7349 57.7 1.1
0.%20 777 56.6 75.3 57.6 1.6
1l . 78.1 56.4 7he2 57.8 1.9 75
0.820 78.8 57.0 76.7 58.2 2.6
1,220 79.2 57.0 75.9 58.1 2.7
1,720 78.9 57.6 76.1 58.8 3.2
2.220 79.0 57.8 775 59.0 3.6
W9 3.720 78.8 57.8 78.3 59.5 3.6 103
, 5.220 78.8 56.L 76.9 58.7 3.6
15 6.720 78.0 56.7 77.9 59.1 3.6 127
Test No. L7 Date Sept. 30, 1953 Sta, 6
11:52 0.030 72.5 55.2 67.9 56.3 0
0,040 71.9 55.0 68,0 56.3
0.050 71.9 S5h.8 68,5 6.
0.070 72.6 55. 68,1 56.
0.090 73.0 55.5 68,7 56,
0.110 73.1 55.8 68.1 .7
0.130 73.0 56,0 68, R
12:04 0.180 73.1 56,0 68, 56.4 0.10 28
0.230 73.1 5549 68.9 56.7 0.19
0.330 72,9 55.9 69.4 56.3 0.49
0.430 73.0 55.1 69.5 3 o.41
0,630 73. 55. 70.4 56.4 1.20
0.830 72.7 55. 70.9 6.2 1.5
1.230 Thel 55. T1.3 56.3 1.8
1.730 Th7 56.0 72.5 56.8 2.2
12:17 2,230 73.4 55.7 72.1 S6.l 2.4 55
3.730 73.0 55.9 72.3 56.3 2.4
5.230 73 0 55.8 71.7 57.2 2.4
Test No. 48 Date Sept. 30, 1953 Sta, 1
12:51 0,040 76.1 57.5 6.9 59.9 0
12:52 0.050 76. 57.6 65,0 60.1
12:54 0,060 75. 57.3 65.1 60.1
12:55 0,080 76.7 57.4 65.6 60.1
12:56 0,100 76.7 574 65 .1y 60.1
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Time Height Forward tunnel Traverse Traverse Quantity
of above psg;hrogeter gsychrometer ;ingt of watzrd
da terrain T,p- velocity evaporate
y Tﬁgrmo. Tﬁg;mo. Thaﬁmo. Thzgmo.
Inches #11 #51 #1y.2 #52 ft/sec ce
Test No. 48 (Cont)
12:57 0.120 76.8 57.% 65.9 60,0
12:58 0,140 76.9 5T 66,2 60,0
12:59 0,190 77.0 57.8 67.3 59.6 0.16
12:59 0.240 77.1 577 68.0 59.3 0.33 26
13:00 0,340 76.9 57.7 68,1 59,1 0.35
13:03  O.Lho 76.1 57.0 69.4 58.5 0.62
13:0 0.6l40 77.5 572 71.9 57.9 1l.h
13:0 0.840 773 57.7 73.1 58,0 1.t
13:07 1.20 773 57.9 73.9 57.9 2.2
13:09 2.240 77.5 S5T.7 75.9 58.1 2.3
13:13  3.740 77«9 58.2 76.7 58.8 2.3
13:16 5.240 78.8 58.2 774 59.3 2.3
13:18.5 6.740 77.9 58,1 77.3 59,5 2.3 51.5
Test No. 49 Date Sept, 30, 1953 Sta, 2
13:36 0,020 78.3 58.9 67.9 61.8 0
0,030 80.6 58.9 68.9 62.0
0,040 80.6 59,5 68.6 62,1
0.060 80.1 59.5 68.5 62.1
0,080 81.2 59.1 69.6 62.0
0.100 81.3 59.0 69.4 61.9
13:47 0,120 80.5 5945 68.1 62. 2l
0.170 81.1 59.5 68,1 62.3
0.220 81.7 59.5 68.1 62,2 0.11
0.320 81.h 59.6 69.0 61.8 0.10
0.l20 81.9 57.7 70.8 61,0 o411
0.620 81.7 57.7 71.0 61,2 0.%1
0.820 82.3 57.5 71.6 59.5 0.68
13:59 1,220 82.8 57.9 72.6 59.8 0.8 L8
1,720 83.2 ST7.9 75.2 59.3 1.0
2.220 82,7 58.3 78.4 59.2 1.5
14:08 3,720 83.0 57.2 80.9 59.0 2.2 73
5.220 83.6 57.5 80.5 59.1 2.2
112 6,720 83,0 56, 82.3 59. 2.3 85
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Thermocouple Run Run

]
g
E
]
£
§

Run

FRumber la 1b-2a 2b 3 3b-la _Lb Sa Sb-6a __ 6b-Ta
1 66.1 67.1 67.5 60,2 60,8 61.2 59.9 59.5 61.3
2 647 65,3 65.5 59.2 59.4 59.4 58.6 .8 59.6
3 6Ll 65.3 65.5 59.1 59. 59. 58.3 57.8 59.g
¢ 653 650 &3 o ses o o2l 88
6 5.3 66.!‘. 66.2 59.? [ 3 60.0 5906 58.8 90
g 6 .? 66.2 66.2 59, 60.0 60,0 0.0 59.0 9T
Se 66. 66.6 59.6 60.0 60.4 60.1 59.1 0.0
9 65,6 66, 66,2 60,0 60.4 60,7 60,5 59,5 60.1
10 65.8 66,2 66.6 59.8 60,2 60.5 60,5 59.5 60,0
11 67.8 68.8 69.4 61,2 61.9 62,8 61, 61,0 62,1
12 58.7 58.7 62.1 55,9 56,0 56.3 56, 57«7 58.6
1 65.7 66.1 66.2 60,1 60.4 60.8 60.3 9.4 60.1
1 66.7 67.6 67.7 60.6 61.1 61,8 60.7 0.3 61.1
15 65.9 66.1 66.2 59;8 60.0 6 06 60.'.(. 59:1 5908
16 4.6 76.6 76.9 67, 69.4 70.7 67.7 9. T0.4
21 68.6 69.8 72.0 61,0 61.2 64.5 61.7 62,2 65,1
22 66.7 67.6 68.1 59.5 60,7 61l.3 59.5 59.3 61.5 63.2
23 6.8 66.0 66,6 59,5 60.0 60.1 59.1 58.3 60.3 61.8
2 65.8 65.8 66,6 59,6 60.4 60,1 9.1 58,3 60,7 61.8
2 66.7 7.3 68,2 60.0 60,9 61.3 59.4 59.3 61.8 61.2
26 6L4.5 «0 65.8 59,1 59.6 59.6 . 58.2 59.8 61,2
2 64.8 65,0 65.9 59.2 59.8 59.7 59.2 58.5 60,2 61.3
2 6h.2 64.9 65., 59,2 59.4 59.2 59,0 58,0 59.4 60.%
b1 79. 85.6 84.0 73,1 78.0 9,8 Zh.l 78.8 82. 88.
he 73.5 85.1 83.1 o2 75.0 0.5 .8 76.3 77.8 86.0
I 79.7 85.9 83.7 73.0 76.5 80,1 73.0 78.9 83.2 89.3
7.4 81.3 81.6 68.L4 71.3 73.9 68.9 72.1 75.3 79.8
75.7 79.0 g902 6803 70'7 7202 6801 7109 . 770
gé 8.7 83.1 hel 72.5 75.1 77.0  72.1 7%.3 7.7 80.5
1 2.3 6h.2 63.2 59.0 60,6 57.7 56.8 57 1.k 61.8
52 68,0 64.5 61.3 9.1 59.3 61.4 62.2
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Thermocouple Run Run Run Run Run Run Run Run Run Run Run
Number 8b=9a 9b 10a  10b=-lla 11b 12a 12b 13a  13b=-lha  1llhb-15a 15b-l1ba
1l 60.8 62.0 6L4.1 6L.2 65.8 61,4 62.7 66,1 66,4 66.9 66.8
2 60.4 61.8 63,7 63,6 65,2 62,2 63,2 65,8 65,5 66,1 66.0

60. 61,3 63.2 63,6 64,5 61.0 62,3 6L4.8 65,0 65.4 65.3
60. 61.9 6&-? 6L.6 65.8 61.8 62,7 65.8 65,8 66.0 66.3
5 60.5 61,2 63, 63,3 64.7 61,0 61,8 65,0 65,2 65.1 65.5
6 60.2 61,2 63.5 63,3 64.5 61,0 61,8 65,0 65.2 65, 65,5
7 60. 60.9 63,5 63, 64.9 60.8 61, 65,0 65,2 65.h4 65.5
8 60, 61,0 63,5 63, 64.9 61,4 61, 65,0 65,2 65.4 65.5
9 60.6 61.1 63,6 63.6 64,9 60,9 61,8 65,0 65,2 65.4 65.5
10 60.6 61.1 63.6 63.6 65.0 60,9 61.7 65.0 65,2 65.4 65.5
11 61.6 62.0 65.2 65.4 66.4 62.0 63.4 66,6 67.0 67.3 67.6
12 57.0 59.0 54.0 61.1 62.0 Sh.l4 55.2 57.8 57.8 58.1 58.0
13 60.5 61.3 64.0 64,0 60,8 60,9 61, 65,1 65,0 67.3 65.4
1 60.9 61.8 64.7 6L.6 65,9 60,9 61.9 65.1 65,3 67.3 65.
1 62.9 60.8 64.0 63,5 64.9 60.9 61.7 65.1 65.3 65.8 65.4
16 6 08 6108 70.1 70.8 72.1 650'4 66.3 68.6 6906 700h 70.3
21 61,8 63.3 65.8 66.0 67.7 63.7 6L4.8 69,0 68,2 69.} 69.4
22 60.7 61.9 64.5 64.8 65.8 62,2 63.2 66,2 65.9 66,5 66.4
23 60.3 61.9 63.3 63,4 64,9 6l.4 62,0 64.8 6L.6 64.6 65.2
2l 60.8 62.1 63,6 63.7 62.9 61,8 62.8 65,1 6L.6 65.0 65.4
25 61.3 62.2 6.2 64.8 66,8 62,5 6L.0 66,8 67.1 67.6 65.5
26 60.5 61.6 64,0 63.8 65.4 62,0 62,8 65.8 65,8 66.3 6L4.6
27 60.2 61.8 63.6 63.4 6L4.5 61,0 62,2 64.8 64.8 65.0 65.0
28 60.2 61.2 63.1 63.1 64.5 61.8 62.5 65.3 65,0 65.4 65.0
41 65.8 73.0 72.6 1.7 77.4 72.5 74.8 74.5 73. 7549 4.
y2 65.8 69.5 T72.9 Tl.h 77.5 71,0 72.2 173.0 71, 75.9 73.
43 66,2 70.8 72,6 T1.7 76. 72.2 7&.3 75.1 72.8 75.9 4.0
hh 65.0 67.6 T71.2 T1.0 73. 66.l4 67. 70. 70.7 T1. 72.0
45 6l.5 66.7 70.8 69.6 72. 67.1 67.8 70, 70.7 72.2 69.4
6 71'2‘ 730’4 77&0 77;5 7803 72.8 7“.0,4 7506 7502 7605 76'3
1 60,5 61.3 62.4 62.2 65.2 61,0 61,1 59. 58.8 62,5 61.9
52 61.2 62.9 644 62.7 65.1 61,0 60,9 62, 60.4 62.0 64.5
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Thermocouple Run Run Run Run Run Run Run Run Run = Run
Number 16b 17a 1@—18: 18b-19a _ 19b 20a 20b-21a 21b-22a 22b-23a 23b-2

1 66.8 60.5 61.2 61.8 62.4 59.6 60.6 62.0 62,6 63.1
2 66.2 59.7 60.4 61.1 61.7 59.1 60.4 62.3 63.3 62.9
3 64.8 59.3 60.0 60.5 60.9 59.1 60.2 61.5 62.2 62.4
i 66,2 60.1 60.6 61,3 61.8 .5 60. 61.8 63.1 63.2
5 65.6 60.1 60. 60.8 61.1 5 60.1 61.3 61.9 62.1
7 65.6 60.0 60.)4 60 8 61.1 5 9.5 60.0 61 0 61‘7 62.3
8 65.6 60,0  60.) 60,8 61.1  59.5 59.9 61.0  61. 62.3
9 65.6 60,2 60.4 60.8 61.1 59.6 61,0 61. 62.3
10 65.6 60.1 60. 60.8 61.1 59.7 59.9 61.0 61.8 62.3
11 67.9 61,0 61. 61.9 62.7 60.1 60.8 61.9 62,8 63.6
12 58,6 8.2 58.2 61.9 57.7 58.8 59.8 61.0 61,9 60.0
13 65.6 60.0 60,2 60.8 61,0 59.7 60. 61.2 62.3 60.
1l 65.6 60.9 60.5 61.6 61,8 60,3 60, 61.8 62,7 63,
1 66.0 60.0 60.} 60.5 61.1 0.0 59.8 60.8 63.7 62.1
16 70.6 65,1 66,3 67.0 67.6 5.0 66.0 66.6 67.6 68,1
21 69. 62.0 62.2 63, 6}4.0 0.5 61.} 62,6 63.6 6l4.5
22 66, 60.6 60.8 61, 62.4 60.1L 60.9 62.6 63.0 64.5
23 64.9 60.0 60.3 60.7 61.h 59.4 60.4 62.0 62.6 62.7
2l 65.1 60.0 60. 61.1 62.0 59.3 60.% 62.0 62,6 62.7
25 67.9 61.1 1. 60.2 63.5 60 61. 62.8 63.6 60.3
26 66.8 60.4 60.4, 61,2 6l.0 59.6 60.4 61. 62.6 62,6
27 65.0 59.9 60.4 60.0 61.3 59.2 60.3 61. 62.6 62.2
28 65.0 59.9 60.0 60.8 60.9 59 2 60,2 61.4 62,1 62.2
y2 73.0 67.9  69.4 71.5 3 6u.9 65.% 70.8  72.9  T2.4
73.4 68.2 69.4 172.0 4.8 65.1 . 70.8 3. .
L 71.7 65.4 66.3 68,1 69.4 64.0 65.9 68,0 e 70.
l 71.7 65, 66,3 67.6 69,0 63.4 65.% 67.6 69.4 69.
6 76.0 70.6 70.5 72.7 3.4 70.0 69. 73.6 The9 75,
1 59.0 o3 58. 59.5 60.4 58,6 60.9 62,1 63,0 61.8
52 9.4 58.7 59.0 60.8 62.0 6L4.6 66.9 62.3 63.3 63.1
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oct

Thermocouple Run Run Run Run
Number 25a 25b-26a 26b-27a 27b-28a

g

RE

61.2 63.6

1l 58.6 59.6
2 59.0 60.1 62,6 65,5
58.1 59.0 61.4 63.3
58.9 59.7 62.0 6L4.2
58.3 59.0 60.7 62.3
6 58.3 58.7 60.7 62.1
T 58.6 58,7 60.2 61,6
8 58.9 58.7 60.2 61,6
9 59.1 58.7 60.2 61.6
10 59.1 59.1 60,2 61.6
11 59.6 60.1 61.8 63.3
12 55.3 59.5 61.1 60,0
1 58.7 59.5 60.4 62.1
1 59.4 59.8 61.3 62.8
15 59.1 59.1 60.4 61.7
16 66.3 6.73 68.4 69.1
21 59¢ 61.1 ) 6302 66.
22 62,7 63.7 65.7 68.6
23 58.0 59.7 62.0 6L4.5
2 57.8 59.1 61.3 63.5
2 60.9 63.6 65.9 68.2
26 55.7 58.7 0.8 62.7
27 58.1 59.2 61.3 63.4
28 57.6 58.8 60.4 62,
41 70.8 Th.5 76.7 80,2
L2 68.2 173.7 77.0 79.1
70.7 The3 77.0 79.6
63.2 69.9 72.6 75.8
67. 700).[ 7206 720
L6 69.9 72.9 4.8 76.1
51 67.1 61.5 64.0 65.6

52 69.0 60.L 65.1 77.2
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Thermocouple Run Run Run Run Run Run Run Run Run
Number 32a 32b  33a 33b-34a  34b 35a  35b-36a  36b-37a _ 37b-38a
1 61.8 63,6 65.1 66.}4 67.7 59.2 60.2 61.4 61.8
2 6l.2 64.0 65.8 67.2 68,3 6&.2 67.5 69.0 T0.14 55-%
3 62.3 63.6 65.9 67.3 67.8 59.6 61.2 61.7 62,1 52.
g 6l.2 62.7 65,0 66,2 64.9 60.8 62.3 63,2 62.5 56,8
58.2 59.1 59.8 60.5 61.0 55.5 55.5 56,2 56.4 56.1
6 56.7 58.6 59,2 60.0 61,0 55.5 55, 56.2 56.5 55.8
7 56.8 58.6 59,2 60,0 60.8 56,0 55, 56.3 56. 56.1
8 56.7 ©58.6 59,2 60.0 60,8 56,2 55,9 56.4 56.6 56.1
9 57.7 658.6 59,2 60.0 60,8 56.6 56,2 56'8 57.1 56,1
10 ST.4 58.3 9.5 60.0 60.8 56,6 56,0 58, 57.2 56.6
11 60.L 61. 3.9 64.9 65.9 59.2 59.7 61.7 61.6 58.3
12 55,9 57.3 54.0 55,9 61.7 53.8 55.8 62.1 gg.é 51,0
1l 58.6 0. 61.9 63.3 64.5 56.2 56.2 ST.7 1 55.8
1l 59.1 60.4 61.9 63.0 63.9 58,6 59, 61,8 63.3 SZ.S
15 57.7 58.3 59.5 60,2 60, S56.4 56.3 56.8 57.3 56.6
16 64.8 65.9 o7 67.8 69.0 67.3 67. 69.0 70.2 69.3
21 65.9 67.7 Ti.2 72.1 72.5 65.8 67.2 69.4 69.% 62.&
22 62.3 u.l 66&9 . 6900 6302 6,.],08 67.5 670 5 Qo
23 60.0 61.3 62.4 63.4 6.5 59.4 59.9 61.3 62,2 55.1
2l 61,0 62,3 63.7 62.& 65.6 60,0 61,0 62.4 62,7 56.2
25 63.1 gg.u 66.9 o7 69.1 61,0 61.7 6&.0 6ly.6 58,
26 57.8 .7  59.4 60.0 60.8 5L4.5 5L.6 55.5 55.8 55.3
5 @3 o5u ool gn @r ool mE B %]
ﬁ% 80.1 B85.8 86.2 86,3 87.7 T79.6 81.3 81.2 81.9 77.5
h3 81‘,.9 86'5 86. 87.7 88.5 7906 . 8100 81'2 80.5 7901
Ll 73.6 75.8 77.2, 77.9 79.6  72.9 7h4.8 76.1 81.8 73.2
2 e wi wiwnd b pAEs mh o 17
gé 5%,1 58.1 55.7 o2 58,2 50.1 50,5 50.3 51.0 52,2
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Run
L 7o~ 8a

Run
47a

Run
46b

g

Run

b-L5a

Run

a
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Run Run Run
a

Run Run
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Run
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Thermocouple Run Run
Number _L4B8b-i9a  49b
1l 62.0 6.9
2 59.4 60.5
3 59.5 60.5
Ly 59. 60.5
1 59.6 61.3
6 59.4 61.3
7 59.1 61.3
8 59.3 61.0
9 590 61.u
10
11 60.9 63.9
12 59.3 61.3
13 59.1 61.4
i1y 59.6 61.7
15 5941 61.5
16 65.1 68.5
21 63.7 67.0
22 60,2 61.
23 59‘6 60.
2 60,2 61.5
2 61.8 63.3
26 60.0 61.5
2 59.6 60.3
12;1 2.8 83‘%
h2 Zg.o 78.7
43 9.7 8L4.4
in 68.3 73.1
68.8 73.1
) 76.1 79.6
52

€21
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