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DISCLAIMER 

LEGAL NOTICE This report was prepared by Colorado State University as 

an account of work sponsored by the Factory Mutual Research Institute 

(FMRC). Neither FMRC, members of FMRC, not any person acting on behalf 

of either: 

a. Makes any warranty or representation, expressed or implied with 

respect to the accuracy, completeness, or usefulness of the 

information contained in this report, or that the use of any 

information, apparatus, method or process disclosed in this 

report may not infringe privately owned rights; or 

b. Assumes any liability with respect to the use of, or for dam-

ages resulting from the use of, any information, apparatus, 

method, or process disclosed in this report. 
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To determine, through utilization of wind tunnel experi-
ments, the effects of water spray curtains on the dilu-
tion of Liquified Natural Gas plumes. 

A Liquified Natural Gas (LNG) spill would result in a 
cold LNG vapor plume. This negatively buoyant plume 
could be diluted utilizing water spray curtains at or 
near the spill location. There is a need for determin-
ing how these spray curtains interact with an LNG plume, 
the optimal configurations, and the resultant dilution 
factors achievable under various wind speeds and LNG 
boiloff rates. 

A large data base on the interaction of LNG plumes with 
water spray curtains was obtained. The wind tunnel 
experiments included variations of wind speeds, boiloff 
rates, spray configurations, dike heights, and spray 
nozzle pressures. The effects of the variation of these 
parameters on LNG plume dispersion were obtained. A 
comparison between wind tunnel and field tests was also 
made. 

Wind tunnel tests were performed at a scale of 1:100 and 
1:5 to determine the accelerated dispersion of any LNG 
plume as a result of interactions with water spray cur-
tains. An LNG plume is heavier than air at boiloff con-
ditions and is anticipated to remain negatively buoyant 
for most conditions until it is adequately dispersed. 
The negatively buoyant plume can be simulated in the 
wind tunnel by using an isothermal heavy gas of specific 
gravity equal to that of LNG at boiloff. The measured 
results should be modified to account for the difference 
in moles of cold gas vs. the moles of isothermal gas. 
The water spray curtains were situated around the source 
spraying either upwards or downwards and heavy gases 
were introduced into the wind tunnel via a constant area 
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source mounted flush with the wind tunnel floor. Gas 
concentration samples were collected downwind of the 
area source under various conditions. These samples 
were analyzed using a gas chromatograph and from this 
data, the plume structure was determined. 
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1.0 Introduction 

Water spray curtains could provide an effective rapid dilution 

mechanism for low lying dense gas clouds. Natural gas is commonly 

liquified and stored at cryogenic temperatures. A dense gas dispersion 

situation occurs upon rupture of a storage tank or a spill in a process 

area. Since for most atmosphere conditions the cold liquified natural 

gas (LNG) cloud will remain negatively buoyant for significant time 

intervals, a ground level hazard may exist due to the gas flammability. 

Physical simulation of scaled situations where water spray curtains and 

dense gas clouds interact provides design information for possible cur-

tain installations and calibration data to be used to validate or 

develop numerical or analytical models. 

The Gas Research Intitute (GRI) has sponsored an effort to deter-

mine how well water curtains can mitigate actual spill conditions and 

has contracted Factory Mutual Research Corporation (FMRC) to oversee 

implementation of this effort. Colorado State University (CSU) was 

selected by FMRC to do the spill simulation in the Enviromental Wind 

Tunnel of the Fluid Dynamic and Diffusion Laboratory. FMRC provided the 

test programs to be performed at CSU pending discussion between CSU and 

FMRC regarding implementation feasibility, parameter variations, etc. 

The purpose of this report is to present the data taken in CSU's 

Environmental Wind Tunnel. The data is provided for subsequent analysis 

to determine how well water spray curtains act as LNG cloud dilution 

mechanisms. This report is structured as follows: Section 2 is a 

theoretical discussion of plume dispersion modeling at the wind tunnel 

scale. Section 3 describes data acquisition and analysis techniques. 

Section 4 outlines the test program undertaken and Section S is a brief 

discussion of results obtained. The data is presented in Appendices A 
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and B. Appendix A contains the results of two simulations of field size 

water curtain/cold co2 cloud trials conducted by the (British) Health 

and Safety Executive (HSE). Appendix B contains concentration data for 

different spray geometries, source and water flow rates and other spill 

parameters. 
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2.0 MODELING OF PLUME DISPERSION 

To obtain a predictive model for a specific plume dispersion prob-

lem one must quantify the pertinent physical variables and parameters 

into a logical expression that determines their interrelationships. 

This task is achieved implicitly for processes occurring in the atmos-

pheric boundary layer by the formulation of the equations of conserva-

tion of mass, momentum, and energy. These equations with site and 

source conditions and associated constituitive relations are highly 

descriptive of the actual physical interrelationship of the various 

independent variables (spill size or spill rate, space and time) and 

dependent variables (velocity, temperature, pressure, density, etc.). 

These generalized conservation statements subjected to the typical 

boundary conditions of atmospheric flow are too complex to be solved by 

present analytical or numerical techniques. It is also unlikely that 

one could create a physical model for which exact similarity exists for 

all the dependent variables over all the scales of motion present in the 

atmosphere. Thus, one must resort to various degrees of approximation 

to obtain a predictive model. At present, purely analytical or numeri-

cal solutions of plume dispersion are unavailable because of the classi-

cal problem of turbulent closure (Hinze, J. 0. (1975)). Such techniques 

which rely heavily upon empirical-analytical-numerical solutions have 

been combined into several different predictive approaches by Pasquill 

(1974) and others. The estimates of dispersion by these approaches are 

often crude; hence, they should only be used when the approach and site 

terrain are uniform and without obstacles such as fences, buildings or 

vortex generators. Boundary layer wind tunnels are capable of physi-

cally modeling plume processes in the atmosphere under certain restric-

tions. These restrictions are discussed in the next few sections. 
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2.1 PHYSICAL MODELING OF THE ATMOSPHERIC BOUNDARY LAYER 

The atmospheric boundary layer is that portion of the atmosphere 

extending from ground level to a height of approximately 100 meters 

within which the major exchanges of mass, momentum, and heat occur. 

This region of the atmosphere is described mathematically by statements 

of conservation of mass, momentum, and energy (Cermak, J. E. (1981)). 

The general requirements for laboratory-atmospheric- flow similarity may 

be obtained by fractional analysis of these governing equations (Kline, 

s. J. (1965)). This methodology is accomplished by scaling the per-

tinent dependent and independent variables and then casting the equa-

tions into dimensionless form by dividing by one of the coefficients 

(the inertial terms in this case). Performing these operations on such 

dimensional equations yields dimensionless parameters commonly known as: 

Reynolds number 

Bulk Richardson 
number 

Rossby number 

Prandtl number 

Eckert number 

Re 

Ri 

Ro 

U L Iv 
0 0 0 

[(AT) IT ] (L /U2
)g 

0 0 0 0 0 

U /L n 
0 0 0 

Pr = v I ( k Ip c ) o o o p
0 

Ee= u2tc (AT) 
o Po 0 

Inertial Force 
Viscous Force 

Gravitational Force 
Inertial Force 

Inertial Force 
Coriolis Force 

Viscous Diffusivity 
Thermal Di ffusivity 

For exact similarity between different flows which are described by 

the same set of equations, each of these dimensionless parameters must 

be equal for both flow systems. In addition to this requirement, there 

must be similarity between the surface-boundary conditions. 

Surface-boundary condition similarity requires equivalence of the 

following features: 
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a. Surface-roughness distributions, 

b. topographic relief, and 

c. surface-temperature distribution. 

If all the foregoing requirements are met simultaneously, all 

atmospheric scales of motion ranging from micro to mesoscale could be 

simulated within the same flow field for a given set of boundary condi-

tions (Cermak, J. E. (1975)). However, all of the requirements cannot 

be satisfied simultaneously by existing laboratory facilities; thus, a 

partial or approximate simulation must be used. This limitation 

requires that atmospheric simulation for a particular application must 

be designed to simulate most accurately those scales of motion which are 

of greatest significance for the given application. 

2.1.1 Partial Simulation of the Atmospheric Boundary Layer 

A partial simulation is practically realizable only because the 

kinematics and dynamics of flow systems above a certain minimum Reynolds 

number are independent of its magnitude (Schlichting, H. (1968); Zoric, 

D. and Sandborn V. A. (1972)). The magnitude of the minimum Reynolds 

number will depend upon the geometry of the flow system being studied. 

Halitsky (1969) reported that for concentration measurements on a cube 

placed in a near uniform flow field the Reynolds number required for 

invariance of the concentration distribution over the cube surface and 

downwind must exceed 11,000. Because of this invariance, exact similar-

ity of Reynolds parameter is neglected when physically modeling the 

atmosphere. 

When the flow scale being modeled is small enough such that the 

turning of the mean wind directions with height is unimportant, similar-
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ity of the Rossby number may be relaxed. For the case of dispersion of 

LNG plume near the ground level the Coriolis effect on the plume motion 

would be extremely small. 

2 To 
The Eckert number for air is equivalent to 0.4 Ma (AT ) where Ma 

0 

is the Mach number (Hinze, J.O (1975)). For the wind velocities and 

temperature differences which occur in either the atmosphere or the 

laboratory flow the Eckert number is very small; thus, the effects of 

energy dissipation with respect to the convection of energy is negligi-

ble for both model and prototype. Eckert number equality is relaxed. 

Prandtl number equality is easily obtained since it is dependent on 

the molecular properties of the working fluid which is air for both 

model and prototype. 

Bulk Richardson number equality may be obtained in special labora-

tory facilities such as the Meteorological Wind Tunnel at Colorado State 

University (Plate, E. J, and Cermak, J. E. (1963)). 

Quite often during the modeling of a specific flow phenomenon it is 

sufficient to model only a portion of a boundary layer or a portion of 

the spectral energy distribution. This relaxation allows more flexibil-

ity in the choice of the length scale that is to be used in a model 

study. When this technique is employed it is common to scale the flow 

by any combination of the following length scales, &, the portion of the 

boundary layer to be simulated; z
0

, the aerodynamic roughness; Ai' the 

integral length scale of the velocity fluctuations, 

wavelength at which the peak spectral energy is observed. 

or A , 
p 

the 

Unfortunately many of the scaling parameters and characteristic 

profiles are difficult to obtain in the atmosphere. They are infre-

quently known for many of the sites to which a model study is to be per-
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formed. To help alleviate this problem Counihan (1975) has summarized 

measured values of some of these different parametric descriptions for 

the.atmospheric flow at many different sites and flow conditions. 

2.2 PHYSICAL MODELING OF LNG PLUME MOTION 

In addition to modeling the turbulent structure of the atmosphere 

in the vicinity of a test site it is necessary to scale the LNG plume 

source conditions properly. One approach would be to follow the metho-

dolgy used in Section 2.1, i.e., writing the conservation statements for 

the combined flow system followed by fractional analysis to find the 

governing parameters. An alternative approach, the one which will be 

used here, is that of similitude (Kline, S. J. (1965)). The method of 

similitude obtains scaling parameters by reasoning that the mass ratios, 

force ratios, energy ratios, and property ratios should be equal for 

both model and prototype. When one considers the dynamics of gaseous 

LNG plume behavior the following nondimensional parameters of importance 

are identified (Halitsky, J. (1969); Plate, E. J. and Cermak, J. E. 

(1963); Hoot, T. G. et al. (1974); Skinner, G. T. and Ludwig, G. R • 

• •• (1978); Snyder, W. H. (1972)). ' 

• 

•• 

Mass Ratio mass flow of LNG plume 
effective mass flow of air 

p WSA s s 
P U A a a a 

= 

It has been assumed that the dominant transfer mechanism is that 
of turbulent entrainment. Thus the transfer processes of heat 
conduction, convection, and radiation are negligible . 

The scaling of plume Reynolds number is also a significant 
parameter. Its effects are fortunately invariant over a large 
range. This makes it possible to scale the distribution of mean 
and turbulent velocities and relax exact parameter equality. 



Momentum Ratio 

Densimetric Froude 
No. (Fr) 

Volume Flux Ratio 
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inertia of LNG plume 
effective inertia of air 

effective inertia of air 
buoyancy of LNG plume 

u2 a 
g(p - p )V 

g a s 

volume flow of LNG plume 
effective volume flow of air 

_!L 
UL2 

To obtain simultaneous simulation of these four parameters at a reduced 

geometric scale it is necessary to maintain equality of the LNG plume 

specific gravity p /p • 
s a 

2.2.1 Partial Simulation of LNG Plume Motion 

The restriction to an exact variation of the density ratio for the 

entire life of a plume is difficult to meet for LNG plumes which simul-

taneously vary in molecular weight and temperature. To emphasize this 

point more clearly, consider the mixing of two volumes of gas, one being 

the source gas, V , and other being ambient air, V • s a Consideration of 

• the conservation of mass and energy for this system yields: 

• The pertinent assumption in this derivation is that the 
gases are ideal and proper t ies are constant. 



~ 
pa -(~: v + s 

PS 

Pa 

vx~:::: v. + 

9 

v + v s s 

+ v a )

-1 

If the temperature of the air, T , equals the temperature of the a source 

gases, T , or if the product, C M, is equal for both source gas and air s p 

then the equation reduces to: 

PS -v + v 
~ Pa s a 

= 
pa v + v s a 

Thus for two prototype cases: 1) an isothermal plume and 2) a thermal 

plume which is mostly composed of air, it does not matter how one models 

the density ratio as long as the initial density ratio value is equal 

for both model and prototype. 

For a plume whose temperature, molecular weight, and specific heat 

are all different from that of the ambient air, i.e., a cold natural gas 

plume, equality in the variation of the density ratio upon mixing must 

be relaxed slightly if one is to model utilizing a gas different from 

• that of the prototype. In most situations this deviation from exact 

similarity is small (see discussion Section 2.3.2). 

Scaling of the effects of heat transfer by conduction, convection, 

or radiation cannot be reproduced when the model source gas and environ-

ment are isothermal. Fortunately in a large majority of industrial 

plumes the effects of heat transfer by conduction, convection, and radi-

ation from the environment are small enough that the plume buoyancy 

remains essentially unchanged . In the specific case of a cryogenic 

• If one were to use a gas whose temperature is different from 
that of the ambient air then consideration of similarity in the 
scaling of the energy ratios must be considered. 
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liquid spill the influence of heat transfer on cold dense gas dispersion 

can be divided into two phases. First, the temperature (and hence 

specific gravity) of the plume at exit from a containment tank and sur-

rounding dike area is dependent on the thermal diffusivity of the tank-

dike-spill surface materials, the volume of the tank-dike structure, the 

actual boiloff rate, and details of the spill surface geometry. A 

second plume phase involves the heat transfer from the ground surface 

beyond the spill area into the plume which lowers plume density. 

It would be desirable to simulate the entire transient spill 

phenomenon in the laboratory including spill of cryogenic fluid into the 

dike, heat transfer from the tank and dike materials to the cryogenic 

fluid, phase change of the liquid and subsequent downwind dispersal of 

cold gas. Unfortunately, the different scaling laws for the conduction 

and convection require markedly different time scales for the various 

processes as the length scale changes. Since the volume of dike 

material storing sensible heat scales as the cube of length whereas the 

pertinent surface area scales as the square of length, heat is 

transferred to a model cold plume much too rapidly within the model con-

tainment structures. This effect is apparently unavoidable since a 

material having a thermal diffusivity low enough to compensate for this 

effect does not appear to exist. Calculations for the full-scale situa-

tion suggest minimal heating of a cold gas plume by the tank-dike struc-

ture; thus it may suffice to cool the model tank-dike walls to reduce 

the heat transfer to a cold model vapor and study the resultant cold 

plume. 

Boyle and Kneebone (1973) released room temperature propane and LNG 

onto a water surface under equivalent conditions. The density of pro-

pane at ambient temperatures and methane at -161°C are the same. Using 
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the modified Froude number as a model law they concluded dispersion 

characteristics were equivalent within experimental error. 

A mixture of 5~ helium and 50l!b nitrogen pre-cooled to 115° K was 

released from model tank-dike systems by Meroney et al. (1977) to simu-

late equivalent LNG spill behavior. It was expected the gross influ-

ences of different heat transfer conditions could be determined; how-

ever, there was no guarantee that these experiments reproduced quantita-

tively similar situations in the field. Since the turbulence charac-

teristics of the flow are dominated by roughness, upstream wind profile 

shape, and stratification one expects the Stanton number in the field 

will equal that in the model, and heat transfer rates in the two cases 

should be in proper relation to plume entrainment rates. On the other 

hand, if temperature differences are such that free convection heat 

transfer conditions dominate, scaling inequalities may exist; nonethe-

less, model dispersion rates would be conservative. 

Visualization experiments performed with equivalent dense isother-

mal and dense cold plumes revealed no apparent change in plume geometry. 

Concentration data followed similar trends in both situations. No sig-

nificant differentiation appeared between insulated versus heat conduct-

ing ground surfaces or neutral versus stratified approach flows (Meroney 

et al. (1977)). 

The influence of latent heat release by moisture upon the buoyancy 

of a plume is a function of the quantity of water vapor present in the 

plume and the humidity of the ambient atmosphere. Such phase change 

effects on plume buoyancy can be very pronounced in some prototype 

situations. Figure 1 displays the variation of specific gravity from a 

spill of liquefied natural gas in atmospheres of different humidities. 

For a LNG vapor plume, humidity effects are shown to reduce the extent 
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Figure 1. Specific Gravity of LNG Vapor - Humid Atmosphere Mixtures 
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in space and time of plume buoyancy dominance on plume motion. Hence a 

dry adiabatic model condition is conservative. 

A reasonably complete simulation may be obtained in some situations 

even when a modified density ratio p /p is stipulated. The advantage s a 

of such a procedure is demonstrated most clearly by the statement of 

equality of Froude Numbers. 

Solving this equation to find the relationship between model velocity 

and prototype velocity yields: 

~S.G.m - 1) 1/2 ( l ) 1/2 
(U ) = --

am S.G. - 1 L.S. 
p 

(U ) 
a p 

where S. G. is the specific gravity, (p /p ), and L.S. is the length 
s a 

scale, (L /L ) . p m By increasing the specific gravity of the model gas 

compared to that of the prototype gas, for a given length scale, one 

increases the reference velocity used in the model. It is difficult to 

generate a flow which is similar to that of the atmospheric boundary 

layer in a wind tunnel run at very low wind speeds. Thus the effect of 

modifying the model specific gravity extends the range of flow situa-

tions which can be modeled accurately. But unfortunately, during such 

adjustment of the model gases specific gravity, at least two of the four 

similarity parameters must be neglected. The options as to which two of 

these parameters to retain, if any, depends upon the physical situation 

being modeled. Two of the three possible options are listed below. 
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(1) Froude No. Equality 
Momentum Ratio Equality 
Mass Ratio Inequality * 
Velocity Ratio Inequality 

(2) Froude No. Equality 
Momentum Ratio Inequality 
Mass Ratio Inequality 
Velocity Ratio Equality 

Both of these schemes have been used to model plume dispersion downwind 

of an electric power plant complex by Skinner (1978), Kothari et al. 

(1979) and Meroney (1974) respectively. 

The modeling of the plume Reynolds number is relaxed in all physi-

cal model studies. This parameter is thought to be of small importance 

since the plume character will be dominated by background atmospheric 

turbulence soon after its emission. But, if one was interested in plume 

behavior near the source, then steps should be taken to assure that the 

model plume is fully turbulent. 

2.3 MODELING OF PLUME DISPERSION FOR PRESENT STUDY 

In the sections above a review of the extent to which wind tunnels 

can model LNG plume dispersion in the atmospheric boundary layer has 

been presented. In this section these arguments will be applied to the 

case of an LNG spill for the present study. 

2.3.1 Physical Modeling of the Atmospheric Surface Layer 

A neutral boundary layer was generated in the Environmental Wind 

Tunnel using spires and a trip at the entrance of the tunnel. The wind 

speeds were referenced to a S m (prototype) height. The aerodynamic 

roughness, z , and power law exponent, a, were specified such that the 
0 

• When this techniques is employed, distortion in velocity 
scales or similarly volume flow rates requires that a correc-
tion be applied to the measured concentration field. 
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boundary layer profile was similar to that expected for a flat suburban 

terrain area. 

2.3.2 Physical Modeling of the LNG Spill Plume 

The buoyancy of a plume resulting from an LNG spill is a function 

of both the mole fraction of methane and temperature. If the plume 

entrains air adiabatically, then the plume would remain negatively buoy-

ant for its entire lifetime. If the humidity of the atmosphere were 

high then the buoyancy of the plume will vary from negative to weakly 

positive. These conclusions are born out in Figure 1, which illustrates 

the specific gravity of a mixture of methane at boiloff temperature with 

ambient air and water vapor. 

Since the adiabatic plume assumption will yield the most conserva-

tive downwind dispersion estimates this situation was simulated. 

Several investigators have confirmed that the Froude number is the 

parameter which governs plume spread rate, trajectory, plume size, and 

entrainment during initial dense plume dilution (Kothari, K. M., Mero-

ney, R. N. and Neff, D. E. (1981); Hoot, T. G. et al. (1974); Boyle, G. 

J. and Kneebone, A. (1973); Bodurtha, F. T., Jr. (1961); van Ulden, A. 

P. (1974)). The modeling of momentum is not of critical importance for 

a ground source released over a fairly large area. 

The use of an isothermal dense model gas such as a mixture of 

ethane and carbon dioxide in place of a cold methane vapor also results 

in a slight distortion of the local dynamic forces acting on equivalent 

plume volumes as the gas mixes. Unfortunately this distortion is not 

conservative, i.e., the thermal capacitance properties of methane result 

in plumes which behave more dense than the model equivalent plume. 

Analytical approximations based on the integral entrainment box model of 

Fay (1980) suggest that buoyancy forces are greater at equivalent time 
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and space positions during adiabatic mixing of methane. Let Fr U(h) 2 

~h g p 
a 

be a local Froude number, where h is local plume depth, U(h) is wind 

speed at plume depth, h, and Ap/p is a local density difference ratio. a 

Then given a power law wind profile U(h) - ha one finds 

Fr LNG vapor = (1+XS)(6+(1-6)9) [ 1+XS-X(l+S)9]2a 
(p(l+XS)+(l+S)(1-p)9) (1-X0)(1+XS) Fr. h 1 1sot erma gas 

where x = mole fraction methane vapor 

R local plume spread 

p 1 - M /M ~ -0.81 a s 

0 = 1 - T IT ~ 0.6 s a 
• • s (Cp /Cp - 1) ~ 0.22 s a 

a= velocity power law exponent ~ 0.2. 

The variation of this Froude number ratio with equivalent mole fraction 

methane is plotted in Figure 2. Nonetheless, over most of the concen-

tration range where buoyancy forces are dominant the variation of Froude 

number is adequately simulated by the isothermal model gas. Indeed, 

volume integrated or box model calculations when corrected for equal 

molar source strengths predict equal or slightly higher concentration 

values at equivalent times. 
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2.3.3 Model Scale Factors 

As discussed previously the dominant scaling criteria for the simu-

lation of LNG vapor cloud physics are the Froude number and the volume 

flux ratio. By setting these parameters equal for model and prototype 

one obtains the following relationships. 

(U ) = (S.G.m - 1 )1/2 (-1-) 1/2 (U ) 
am S.G.p - 1 L.S. a p 

Q (S.G.m - 1 )1/2 (-1 ) 5/2 Q 
m S.G. - 1 L.S. p 

p 

L 
m 

_1_ L 
L.S. p 
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In addition to these scaling parameters which govern the flow phy-

sics, one must also scale the mole fractions (concentrations) measured 

in the model to those that would occur in the prototype. This scaling 

is required, since the number of moles being released in a thermal plume 

are different from the number of moles being released in an isothermal 

plume. To be more precise the relationship between the molar flow rate 

of source gas in the model and the prototype is 

n 
p 

(T IT ) n 
m p @b. o. m 

(2.70)n 
m 

By definition the concentration of LNG vapor is expressed as: 

n l(n + n ) 
s s a 

Substituting model equivalents in the above expression yields 

or 

x p 

x 
p 

(T IT >@b n + n m p .o. s a 

x + (1 - x )(0.37) m m 

n s 
n + n (T IT )@b s a p m .o. 

This equation was used to correct the modeled measurements to those that 

would be observed in the field. 
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3.0 DATA ACQUISITION AND ANALYSIS 

Laboratory measurement techniques are discussed in this section, 

along with conversion methods which provide a basis for interpretation 

of model data in terms of field equivalent quantities. Some of the 

methods used are conventional and need little elaboration. 

3.1 WIND-TUNNEL FACILITIES 

The Environmental Wind Tunnel (EWT) shown in Figure 3 was used for 

all tests performed. This wind tunnel, specially designed to study 

atmospheric flow phenomena, incorporates special features such as adju-

stable ceiling, rotating turntables, transparent boundary walls, and a 

long test section to permit reproduction of micrometeorological behavior 

at larger scales. Mean wind speeds of 0.10 to 12 m/s can be obtained in 

the EWT. A boundary layer depth of 1 m thickness at 6 m downstream of 

the test entrance can be obtained with the use of the vortex generators 

and trip at the test section entrance and surface roughness on the 

floor. The flexible test section roof on the EWT is adjustable in 

height to permit the longitudinal pressure gradient to be set to zero. 

The vortex generators and trip at the tunnel entrance were followed by 

9.2 m of smooth floor for the 1:100 scaled area-source model. 

3 .2 MODEL 

It was decided that the best reproduction of the surface wind 

characteristics would be at a model scale of 1:100. The area model was 

built into a special insert made to fit in the floor of the wind tunnel. 

The insert incorporated an aluminum turntable on which was mounted a 

0.60 m square model dike enclosing a plenum discharging LNG-vapor simu-

lant. The dike heights used were 4, 8, and 16 cm. The insert also 

incorporated a drain for collecting water discharged by the model noz-

zles. The turntable was designed to accept the two nozzle manifolds 
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fabricated a~ FMRC. One manifold was mounted underneath the turntable 

with upward-pointing nozzles inserted through clearance holes in the 

turntable (discharge face flush with top of turntable), and the other 

manifold with downward-pointing nozzles was mounted above the turntable 

on stands attached to the turntable. 

Six different nozzles were used throughout the test program and are 

designated as A, D, E, G, H, and I. Nozzles A, H, and I manufactured by 

Spraco, Inc. were model numbers 19577604, 19437604, and 18171804 respec-

tively. Nozzles D, E, and G made by Spraying Systems Company were model 

numbers 1/4TfD1-31, 1/4TfD1-33, and 1/4Tfl.101. 

The plenum from which the source gas was discharged was divided 

into nine separate but contiguous chambers (Figure 4), and the gas was 

fed into all nine chambers at equal rates. Each of the chambers con-

tained a thin layer of glass beads so that the discharge would be uni-

form over the entire surface. 

Carbon dioxide, with a small amount of ethane (- 1%) for detection, 

was used as LNG-vapor simulant. Concentrations were measured at 42 sam-

ple points around and downstream of the gas discharge (Figure 5): sam-

ples drawn into syringes were analyzed with a gas chromatograph. 

3.3 FLOW VISUALIZATION TECHNIQUES 

Smoke was used to define plume behavior. The smoke was produced by 

passing the LNG-vapor simulant through an oil smoke generator (Fog/Smoke 

Machine manufactured by Roscolab Ltd.). A visible record was obtained 

from pictures taken with a Speed Graphic camera using Polaroid film for 

immediate examination. In addition, color slides were taken with a 35 

mm camera and several runs were recorded on video cassettes. 
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3.4 WIND PROFILE AND TURBULENCE MEASUREMENTS 

The velocity profile, reference wind speed conditions, and tur-

bulence were measured with a Thermo-Systems Inc. (TSI) 1050 anemometer 

and a TSI model 1210 hot-film probe. Since the voltage response of 

these anemometers is nonlinear with respect to velocity, a multipoint 

calibration of system response versus velocity was utilized for data 

reduction. 

The velocity standard was that depicted in Figure 6. This con-

sisted of a Matheson Model 8116-0154 mass flowmeter, a Yellow Springs 
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thermistor, and a profile conditioning section constructed by the CSU 

Engineering Research Center shop. The mass flowmeter measures mass flow 

rate independent of temperature and pressure, the thermistor measures 

the temperature at the exit conditions. The profile conditioning sec-

tion forms a flat velocity profile of very low turbulence at the posi-

tion where the probe is to be located. Incorporating a measurement of 

the ambient atmospheric pressure and a profile correction factor permits 

the calibration of velocity at the measurement station from 0.1-2.0 m/s. 

During calibration of the single film anemometer, the anemometer 

voltage response values over the velocity range of interest were fit to 

an expression similar to that of King's law (Sandborn, V. A. (1972)) but 

with a variable exponent. The accuracy of this technique is approxi-

mately ~ 2 percent of the actual longitudinal velocity. 

The velocity sensors were mounted on a vertical traverse and posi-

tioned over the measurement location on the model. The anemometer 

responses were fed to a Preston analog-to-digital converter and then 

directly to a HP-1000 minicomputer for immediate interpretation. The 

HP-1000 computer also controls probe position. A flow chart depicting 

the control sequence for this process is presented in Figure 7. 

3.5 CONCENTRATION MEASUREMENTS 

The experimental measurements of concentration were performed using 

gas-chromatograph and sampling systems (Figure 8) designed by Fluid 

Dynamics and Diffusion Laboratory staff. 

3.5.1 Gas Chromatograph 

The (Hewlett-Packard Model 5710A) gas chromatograph with Flame Ion-

ization Detector (FID) operates on the principle that the electrical 

conductivity of a gas is directly proportional to the concentration of 
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Figure 8. Photographs of (a) the Gas Sampling System, and 
(b) the HP Integrator and Chromatograph 
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charge particles within the gas. The ions in this case are formed by 

the effluent gas being mixed in the FID with hydrogen and then burned in 

air. The ions and electrons formed enter an electrode gap and decrease 

the gap resistance. The resulting voltage drop is amplified by an elec-

trometer and fed to the HP 3380 or HP 3390A integrator. When no 

effluent gas is flowing, a carrier gas (nitrogen) flows through the FID. 

Due to certain impurities in the carrier, some ions and electrons are 

formed creating a background voltage or zero shift. When the effluent 

gas enters the FID, the voltage increase above this zero shift is pro-

portional to the degree of ionization or correspondingly the amount of 

tracer gas present. Since the chromatograph used in this study features 

a temperature control on the flame and electrometer, there is very low 

drift of the zero shift. In case of any zero drift, the HP 3380 or 

3390A, which integrates the effluent peak, also subtracts out the zero 

drift. 

The lower limit of measurement is imposed by the instrument sensi-

tivity and the background concentration of tracer within the air in the 

wind tunnel. Background concentrations were measured and subtracted 

from all data quoted herein. 

3.5.2 Sampling System 

The tracer gas sampling system consists of a series of fifty 30 cc 

syringes mounted between two circular aluminum plates. A variable-speed 

motor raises a third plate, which in turn raises all 50 syringes simul-

taneously. A set of check valves and tubing are connected such that 

airflow from each tunnel sampling point passes over the top of each 

designated syringe. When the syringe plunger is raised, a sample from 

the tunnel is drawn into the syringe container. The sampling procedure 

consists of flushing (taking and expending a sample) the syringe three 
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times after which the test sample is taken. The draw rate is variable 

and generally set to be approximately 6 cc/min. 

The sampler was periodically calibrated to insure proper function 

of each of the check valve and tubing assemblies. The sampler intake 

was connected to short sections of Tygon tubing which led to a sampling 

manifold. The manifold, in turn, was connected to a gas cylinder having 

a known concentration of tracer gas. The gas was turned on and a valve 

on the manifold opened to release the pressure produced in the manifold. 

The manifold was allowed to flush for about 1 min. Normal sampling pro-

cedures were carried out to insure exactly the same procedure as when 

taking a sample from the tunnel. Each sample was then analyzed for 

tracer gas concentration. Any sample having an error of greater than $2 

percent indicated a failure in the check valve assembly and the check 

valve was replaced or the bad syringe was not used for sampling from the 

tunnel. 

3.5.3 Test Procedure 

The test procedure consisted of: 1) setting the proper tunnel wind 

speed, 2) releasing a metered mixture of source gas (specific gravity of 

1.5) from the release area source, 3) activating the spray curtains at 

the proper pressure, 4) withdrawing samples of air from the tunnel at 

the locations designated, and 5) analyzing the samples with a Flame 

Ionization Gas Chromatograph (FIGC). Photographs of the sampling system 

and gas chromatograph are shown in Figure 8. The samples were drawn 

into each syringe over a 300 s (approximate) time period and consecu-

tively injected into the FIGC. 

The procedure for analyzing air samples from the tunnel is as fol-

lows: 1) a 2 cc sample volume which was drawn from the wind tunnel and 

collected in a syringe is introduced into the Flame Ionization Detector 
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(FID), 2) the output from the electrometer (in microvolts) is sent to 

the Hewlett-Packard 3390 or 3390A Integrator, 3) the output signal is 

analyzed by the integrator to obtain the proportional amount of hydro-

carbons present in the sample, 4) the record is integrated, and the 

ethane concentration is determined by multiplying the integrated signal 

(µv-s) by calibration factor (ppm/µv-s), 5) a summary of the integrator 

analysis (gas retention time and integrated area (µv-s)) is printed out 

on the integrator at the wind tunnel, 6) the integrated values and asso-

ciated run information were tabulated on a specially designed form, 7) 

the integrated values for each tracer are entered into a computer along 

with pertinent run parameters, and 8) the computer program converts the 

raw data into mean concentration. The calibration factor was obtained 

by introducing a known quantity, of tracer into the FIGC and 

recording the integrated value, I, in µv-s. 

X (ppm) 
The calibration factor is 1 ~ ) µv-s 

Calibrations were obtained at the beginning and end of each measurement 

period. 
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4.0 TEST PROGRAM 

The goal of the test was to determine the effects of water spray 

curtains near the source on the dispersion of a modeled Liquified 

Natural Gas (LNG} plume. 

4 .1 PRE AND POST " SMALL-SCALE" FIELD EXPERIMENTS 

The first series of tests (Runs 1-58) were performed to model a 

hypothetical spill at a scale of 1:100 from a 60 m x 60 m area sur-

rounded by a 4 m dike. These tests also served as a qualitative pre-

test series for subsequent small-scale experiments performed by Factory 

Mutual Research Corporation (FMRC) and Lawrence Livermore National 

Laboratory (LLNL} at the Gas Training Facility of the Massachusetts Fire 

Fighting Academy, (Table 1}. (In this table, a "scale ratio" of 20 

means that the associated test was designed as a reduced scale model of 

spill into a 60 m x 60 m dike - the actual spill area was 3 m x 3 m. 

The parameter, n , refers to the number of sprays per side of the diked 

area. The quantity U is the mean wind speed.} Tests 1-58, then, were w 

designed to cover a wide range of wind speed and spill configurations 

(see Table B-1}. 

Once the FMRC/LLNL field experiments were completed, a short post-

field series of tests (Runs 59-61) were performed to reproduce the exact 

conditions which existed during Test 13 of the Field Test Sequence. 

These tests were run at a linear scale ratio of 1:5. 

The wind tunnel simulation of field Test 13 indicated no-spray 

ground level concentrations near 70% and concentrations with spray of 

20%. These values are considerably higher than the values of approxi-

mately 8% and 4% respectively, that were measured in the field. These 

low field test values may have been caused by highly unstable atmos-
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Table 1 
Selected Small-Scale Spill Tests Performed by 

LLNL and FMRC on the Basis of Runs 1-58 

• Approx. 
Test Spray Scale Nozzle u 

Number (Up,Down) Ratio Config. w n (m/ s) 

9 Up 20 ,·- 7 4.5 
10 Up 1 ~Qj 7 
12 Down 1 7 2.5 
13 Down 1 4 0.5 
18 Up 20 7 4.5 
19 Up 20 7 3.0 
23 Up 1 7 1.8 
24 Up 1 7 2.7 
33 Up 1 7 1.8 
37 Up 1 d·· 4 1.4 
41 Up 1 4+3 1.6 

• Referred to full scale in case of Scale Ratio = 20 

pheric conditions existing during the field tests that were not repro-

duced in the tunnel. Alternatively, the differences may have been 

caused by unsimulated vertical velocities reached at the field area 

source due to accelerated boiloff over the evaporation pad. 

4.2 HEALTH AND SAFETY EXECUTIVE FIELD TEST SIMULATION 

Additional full scale dispersion experiments with water curtains 

made elsewhere were sought which could be simulated in the wind tunnel 

to check the modeling method. A field series test was performed by the 

(British) Health and Safety Executive (HSE) in 1981 using cold co2 vapor 

(-78°) at an estimated spill rate of 1.1 kg/s from a point source. Two 

of these tests were selected for simulation in the wind tunnel (at a 

scale ratio of 1:28.9) to verify the wind tunnel method for studying 

spray dispersion. The two tests, HSE 41 and HSE 46, were selected 

because of availibility of model nozzles, practicality of scaling 
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ratios, and apparent quality of the data. Test results and plan views 

of the test arrangement showing relative wind direction, gas source, 

spray nozzles and sampling points are given in Appendix A. 

4.3 WATER SPRAY CURTAIN DESIGN TEST SERIES 

Since HSE Run 46 was satisfactorily replicated in the wind tunnel 

(see Section 5.2), a test series (Runs 62-107) was designed by FMRC to 

examine downwind concentration profiles resulting from variations in 

source strength, mean flow velocities spray configurations and separa-

tion geometries. These tests were performed to determine the maximum 

mitigation expectations assuming a large quantity of water at high pres-

sures was available. 

Since previous tests were performed using unobstructed area sources 

and with a constant dike height of 4 cm (4 m full scale), a test series 

(Runs 108-153) was investigated to examine the performance of the more 

favorable spray configurations in the presence of different sized tanks 

with correspondingly scaled dikes. Wind tunnel results are summarized 

in Appendix B. 
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5.0 DISCUSSION OF RESULTS 

The primary purpose of this report is to summarize data and test 

methodologies resulting from wind tunnel simulations of full scale LNG 

spills. Although an extensive discussion of the data will be prepared 

by the FMRC staff, an overview of the more significant results follows. 

5.1 PRE SMALL-SCALE FIELD EXPERIMENT WIND TUNNEL RUNS 

A test series (Runs 1-58) was specified by FMRC and CSU personnel 

to establish downwind concentration profiles due to changes in spray 

configurations, spray directions and flowrates, and wind velocities. 

These tests served as a precursor to small-scale tests conducted by the 

Massachusetts Firefighting Academy and LLNL. 

The data resulting from the no-spray condition gave expected plume 

behavior. The plume was broad, flat and symmetric about the center line 

which ran downwind from the source. Figure 9a shows the comparison 

between lateral concentration measurements at a scaled distance of 90 

meters downwind from the source both with and without sprays. The plume 

maintained a symmetric character about the centerline although concen-

• trations reduction factors (FD) of 1.35 in the case of upward sprays, 

2.80 for downward sprays and 4.67 in the case of mixed downward and 

upward sprays were measured, indicating that spray curtains csn signifi-

cantly reduce downwind LNG concentrations • 

• Reduction Factor (FD) defined by Moore and Rees (1981) as ratio 
of concentrations without the spray to with the spray active. 
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Small scale field results conducted by F.MRC and LLNL (Figure 9b) 

indicated equivalent concentration reduction factors of typically 2.0 

when the spray curtain was activated. Surprisingly concentrations did 

not exceed 20C!h even when the spray was inactive. Further wind-tunnel 

tests (Runs 59-61) were conducted which replicated field Run 13 at a 

scale of 1:5. The laboratory results for equivalent wind speed, source 

strength and water spray conditions still produced concentration magni-

tudes and reductions commensurate with previous wind tunnel data. 

Re-examination of prior field and model studies rescaled to field 

Run 13 conditions suggest that the concentrations measured in the 

laboratory are consistent with prior field and model results. Reduction 

of weather data by LLNL indicates a highly unstable stratification 

existed during Run 13 which could not be replicated in the wind tunnel 

and perhaps accounted for the disparity in the data sets. Alterna-

tively, accelerated boiloff over the evaporation pad may have generated 

unsimulated vertical velocities which may have lofted the plume (see 

FMRC 1st Quarterly Report, July 1982, Contract No. 5080-352-0386). 

Analytical calculation as specified by Moore and Rees (1981) for 

the effect of downward directed sprays on the gases emitted by a line 

source equivalent to the wind tunnel source flowing over a 4 cm dike 

predicted dilution factors of about 2.05 which are consistent with those 

measured in the laboratory. 

5.2 HSE FIELD TRIALS 

HSE Runs 46 and 41 were simulated in the wind tunnel at a scale 

ratio of 1:28.9. In the field, the wind speeds at 1.25 m (Figure 10) 

for HSE 46 were reported to average 2.9 m/s during an initial no-spray 

interval (0-3 min), and 1.7 m/sec during the subsequent (3-5 min) spray 

interval. Using an equivalent scaled velocity corresponding to 2.9 m/s 
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(Run 6, Table A-1), the wind tunnel results did not reproduce the field 

conditions, the lateral spread of the field vapor plume being greater. 

When the wind speed was reduced to the equivalent of 1.7 m/s (Run 10) 

the model reproduced the no spray conditions quite well. Linear and 

logarithmic scatter diagrams of concentrations measured at equivalent 

scaled points produce correlations, r, of 0.87 and 0.97 respectively 

(Figure 11). Figure 12 shows the comparisons between vertical concen-

tration profiles recorded in the field and at equivalent locations in 

the laboratory. Reduction of the effective field wind speed was justi-

fied by subsequent HSE tests which employed simultaneous wind measure-

ments at two locations. These measurements showed significant unex-

plained differences in velocity readings between otherwise similar loca-

tions of the order used here. 

Laboratory vapor concentrations measured during spray operation 

(Run 11) agreed quite well with field data as shown in Figure 13. 

The average wind speed recorded for HSE 41 was about 3.2 mis for 

the no-spray and spray intervals (Figure 14). The wind field appeared 

very turbulent, and the wind speed varied by ±0.5 m/s during test inter-

vals. In addition wind direction shifted up to 20° during the no spray 

measurement period and 40° during the active spray period. Th~ no-spray 

case was not reproduced well in the laboratory (Run 1), the resulting 

model plume being too narrow. Hence, the model data for HSE 41 (Runs 1-

5) is inconclusive. It should be noted, however, that a simple mass 

balance performed over field measurement stations for HSE 41 fails to 

agree with the estimated source strength provided for the run. Earlier 

model experiments performed by Neff and Meroney (1982) suggest that HSE 

41 source and wind field conditions should indeed result in a narrow 

plume geometry. 
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5.3 SPRAY OPTIMIZATION AND BUILDING INTERACTION SERIES 

A final test series {Runs 108-153) was specified after examining 

all previous runs in order to ascertain the optimal spray conf igura-

tions, directions and pressures. 

Included in this test series were model LNG storage vessels of 

varying sizes placed at the center of the area source. Dike heights 

were adjusted to maintain an entrapped vapor volume between the vessels 

and vapor barriers equal to 1 1/2 times the stored volumes. Plume 

bifurcation was noted with these conditions in agreement with similar 

tests performed by Kothari, Meroney, and Neff (1981). Interaction of 

the spray curtains with the bifurcated plumes essentially mixed the 

plume cross-section to the same low levels. 
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APPENDIX A 
WIND TUNNEL DATA OF HSE RUNS 41 AND 46 SIMULATIONS 



47 

APPENDIX A - Wind Tunnel Results of HSE Runs 41 and 46 

The field trials performed by the (British) Health and Safety Exe-

cutive and designated by HSE 41 and HSE 46 were modeled at the scale 

ratio of 1:28.9 at the Enviromental Wind Tunnel facility of Colorado 

State University. Source gas flow rates, downwind water curtain place-

ment, wind speeds and water pressure were varied as shown in Table A-1. 

Runs 1-5 simulated HSE 41 conditions while 6-13 simulated HSE 46. The 

source gas used in all runs to simulate the cold co2 plume was comprised 

of 6SC!b C02 , 31% Freon-11, and 1% Ethane (used as a tracer), thus having 

the proper specific gravity value (i.e. 2.35) of cold co2 field plume. 

A.1.0 HSE 41 

A plan view of HSE 41 is shown in Figure A-1. Wind directions 

relative to the source, spray curtain orientation, and sampling loca-

tions are shown. Locations of the sampling points and corresponding 

field transducer designations are detailed in Table A-2. Run 1 had the 

wind approaching at 45° to the normal of the model spray curtain line 

which contained four nozzles 10.4 cm above the floor spaced 11.75 cm 

apart and pointed 45° forward of vertical downward. Upon noting the 

narrow nature of the plume, the wind direction was moved 7° counter 

clockwise as shown in Figure A-1. Locations A to 0 indicate points 

where concentrations were measured only in the wind tunnel, primarily to 

determine the lateral extent of the plume. 

The source used during all thirteen simulations is shown in Figure 

A-2. 

Table A-3 summarizes the data obtained from Runs 1-5 along with a 

comparison with the values obtained in the field. 
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A.2.0 HSE 46 

A plan view of Runs 6- 13 is shown in Figure A-3. For Run 6, the 

wind approached 21° to the normal of the model spray line curtain. The 

model spray curtain was comprised of 20 nozzles pointed vertically down 

and spaced 5.66 cm apart. As in HSE 41, the nozzle height (discharge 

face) was adjusted to 10.4 cm above the tunnel floor. Runs 7-13 were 

performed with the wind direction changed by 7° as shown in Figure A-3. 

Details of the sampling point locations and corresponding field trans-

ducer designations are given in Table A-4. 

Concentration results obtained in the wind tunnel for Runs 6-13 

along with the corresponding field values are summarized in Table A-5. 

Figure A-4 shows the wind field correlations between averaged field 

data and wind tunnel data. 



20 Spray Nozzles 

+· 
~ 
\ 

Wind Direction 

Run 6 
Run7-13 -

p• • ··Q' 
eR' 

1.. ~1 
10 m Full Scale 
( 35cm Model) 

s• • 
T' • 

v• • 

u' • 

Figure A-3. Plan View of HSE Run Number 46 

•A 
•B 

• w• ec 
•D 
•E 
•F 
•G 

tn 
•H I-

•I 

•J 
•K 
•L 
•M 
•N 
•O 



-E -
N 

3.0 

2.0 

52 

Average Wind Velocity Profiles 

• 
u _ • = 0.06 mis z0 = 6.5 mm 
U10 

CSU Wind Tunnel Data 

u. = 0.06 8 u,o zo= 4.3 mm 

• 

Figure A-4. Average Wind Velocity Profile Comparison Between BSE 
Field and CSU Wind Tunnel Data 



53 

Table A-1 
Specifications for HSE Runs Numbers 41 and 46 

• Run Source Gas Set-up Wind Wind Water 
Number Flow Rate Configuration Speed Direction Pressure 

(cc/s) (cm/s) ( 0) (psig) 

1 87 Figure A-1 63 3S2 0.00 

2 87 Figure A-1 63 34S o.oo 
3 142 Figure A-1 63 34S o.oo 
4 142 Figure A-1 63 34S 4.SO 

s 87 Figure A-1 63 34S 4.SO 

6 87 Figure A-2 SS 323 0.00 

7 130 Figure A-2 SS 316 0.00 

8 108 Figure A-2 SS 316 0.00 

9 108 Figure A-2 32 316 6.64 

10 87 Figure A-2 32 316 o.oo 
11 87 Figure A-2 32 316 6.64 

12 261 Figure A-2 SS 316 0.00 

13 261 Figure A-2 32 316 6.64 

• At 4.33 cm height 
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Table A-2 
Sampling Locations for HSE Run Number 41 

Model Field 0 
Map Transducer R( cm) Z(cm) R(m) Z(m) 

( 0) 

Location (Field Designation) 

A 114. 7 0.00 32.8 o.o 144.3 
B 111.4 0.00 31.8 0.0 147.8 
c 108.5 o.oo 31.0 o.o 151.4 
D 106.1 o.oo 30.3 0.0 155.3 
E 104.1 0.00 29.8 0.0 159.3 
F 102.7 0.00 29.4 o.o 163.5 
G 101.9 o.oo 29.1 0.0 167.7 
H 101.6 o.oo 29.0 0.0 172.0 
I 101.9 0.00 29.1 0.0 176.3 
J 102.7 o.oo 29.4 o.o 180.5 
K 104.1 o.oo 29.8 0.0 184.7 
L 106.1 0.00 30.3 o.o 188.7 
M 108.5 0.00 31.0 o.o 192.6 
N 111.4 0.00 31.8 0.0 196.2 
0 114.7 0.00 32.8 0.0 199.7 

Pl T15 49.6 0.35 14.2 0.1 101.6 
P2 T31 49.6 1. 73 14.2 0.5 

Ql T32 94.7 0.35 27.1 0.1 91.5 
Q2 T37 94.7 1. 73 27.1 0.5 

R1 T34 67.7 0.35 19.3 0.1 
R2 T28 67.7 0.69 19.3 0.2 
R3 T25 67.7 1.04 19.3 0.3 
R4 T17 67.7 1. 73 19.3 0.5 130.7 
RS T23 67.7 3.46 19.3 1.0 
R6 T19 67.7 5.19 19.3 1.5 
R7 T05 67.7 8.65 19.3 2.5 
RS T21 67.7 10.38 19.3 3.0 

Sl T06 62.1 0.69 17.7 0.2 151.4 
S2 T08 62.1 1.38 17.7 0.4 

Tl T29 93.8 0 .35 26.8 0.1 
T2 TlO 93.8 1. 73 26.8 0.5 118.1 
T3 T04 93.8 3.46 26.8 1.0 

Ul T18 103.5 0.35 29.6 0.1 115.1 
U2 Tll 103.5 1. 73 29.6 0.5 

Vl T33 83 .1 0.35 23.7 0.1 131.5 
V2 T35 83 .1 1. 73 23.7 0.5 

w TOl 92.1 1.04 26.3 0.3 146.3 

NOTE: R is radial distance of sampler from source location. 
z is vertical distance of sampler from ground. 
0 is angle from source to sampler location measured from north. 
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Table A-3 
Concentration Data for HSE Run Number 41 

Map Run Number Field Transducer Data 
Location 1 2 3 4 5 W/0 Spray W/Spray 

A o.oo o.oo 0.02 0.00 0.00 
B o.oo 0.06 0.15 0.00 0.00 
c 0.05 0.39 0.92 0.02 o.oo 
D 0.00 0.98 1.34 0.06 0.00 
E 0 .35 2.70 2.85 0.12 o.oo 
F 3.61 2.52 3.62 0.51 0.51 
G 2.55 3.90 4.99 0.24 0.33 
H 1.49 3.68 4.23 0.23 0.00 
I 3.37 0.86 1.82 0.54 0.59 
J 1.69 0.11 0.24 0.59 0.68 
K 0.86 0.00 0.03 0.70 0.77 
L 0.33 0.00 0.00 0.77 0.74 
M 0.11 0.00 0.00 0.67 0.51 
N 0.08 0.00 0.00 0 .36 0.00 
0 o.oo 0.00 o.oo 0.05 0.00 

Pl o.oo 0.00 o.oo 0.00 0.00 2.7 0.22 
P2 

Ql o.oo 0.00 0.00 0.00 o.oo o.o 0.30 
Q2 

R1 0.00 0.00 o.oo 0.00 o.oo 3.3 
R2 o.oo 0.00 0.00 0.00 0.00 3.7 0.60 
R3 o.oo 0.00 0.00 0.00 0.00 2.1 0.80 
R4 o.oo 0.00 o.oo 0.00 0.00 0.8 0.00 
RS 0.00 o.oo 0.00 0.00 0.00 0.5 0.60 
R6 o.oo o.oo 0.00 0.00 0.00 o.o 0.00 
R7 0.00 0.00 o.oo 0.00 0.00 o.o 0.00 
RS 0.00 o.oo o.oo 0.00 o.oo o.o 0.30 

Sl 0.06 1. 73 2.11 0.05 o.oo 1.6 0.50 
S2 0.11 1.16 1.64 0.09 o.oo 1.0 0.50 

Tl o.oo o.oo 0.00 0.00 0.00 1.7 
T2 o.oo 0.00 o.oo 0.00 0.00 0.9 0.20 

U1 o.oo 0.00 o.oo 0.00 0.00 1.3 0.60 
U2 

Vl o.oo 0.00 0.00 0.00 0.00 3.0 0.90 
V2 

w o.oo o.oo 0.00 0.00 0.00 1.2 1. 70 

NOTE: Concentration data recorded as mole percent. 
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Table A-4 
Sampling Locations for HSE Run Number 46 

Model Field 0 
Map Transducer R(cm) Z(cm) R(m) Z(m) 

( 0) 
Location (Field Designation) 

A 114. 7 0.0 32.8 0.0 115.3 
B 111.4 0.0 31.8 o.o 118.8 
c 108.5 o.o 31.0 o.o 122.4 
D 106.1 o.o 30.3 0.0 126.3 
E 104.1 o.o 29.8 0.0 130.3 
F 102.7 0.0 29.4 o.o 134.5 
G 101.9 o.o 29.1 0.0 138. 7 
H 101.6 o.o 29.0 o.o 143.0 
I 101.9 0.0 29.1 o.o 147.3 
J 102.7 o.o 29.4 0.0 151.5 
K 104.1 o.o 29.8 0.0 155.7 
L 106.1 0.0 30.3 o.o 159.7 
M 108.5 o.o 31.0 0.0 163 .6 
N 111.4 o.o 31.8 0.0 167.2 
0 114. 7 o.o 32.8 o.o 170.7 
P' T29 13.3 3.5 3.8 1.0 59.6 
Q' T10 7.6 1. 7 2.2 0.5 106.2 
R' T19 13.7 0.3 3.9 0.1 185.0 

81 I T05 36 .3 0.3 10.4 0.1 86.7 
82 I T35 36.3 1. 7 10.4 0.5 

T1 I T08 40.7 0.3 11.6 0.1 117 .4 
T2' T11 40.7 1. 7 11.6 0.5 
T3 I T33 40.7 3.5 11.6 1.0 
T4' T44 40.7 4.2 11.6 1.2 

U' T17 53.6 0.3 15.3 0.1 137.1 

V1' T04 64.0 0.3 18.3 0.1 
V2' T06 64.0 0.7 18.3 0.2 
V3 I T03 64.0 1.0 18.3 0.3 
V4' T21 64.0 1. 7 18.3 0.5 116.8 
VS' T18 64.0 2.4 18.3 0.7 
V6' T27 64.0 3.5 18.3 1.0 
V7' T23 64.0 10.4 18.3 3.0 

W1' T37 86.7 0.7 24.8 0.2 
W2' T28 86.7 1. 7 24.8 0.5 116. 7 
W3 I T32 86.7 4.2 24.8 1.2 
W4' T31 86.7 6.9 24.8 2.0 

NOTE: R is radial distance of sampler from source location. 
z is vertical distance of sampler from ground. 
0 is angle from source to sampler location measured from north. 



Table A-5 
Concentration Data for HSE Run Number 46 

Map Run Number Field Transducer Data 
Location 6 7 8 9 10 11 12 13 W/O Spray W/Spray 

A 0.00 0.74 0.21 0.77 2.73 0.44 
B o.oo 2.09 1.28 o. 77 2.55 0.57 
c 0.00 2.85 2.12 0.78 2.17 0.56 
D 0.00 3.12 3.06 1.12 2.61 0.85 
E 0.17 3.00 2.66 1.09 2.90 0.92 
F 1.33 3.59 3.18 1.09 3.58 1.01 
G 2.Sl 3.00 2.66 0.97 3.86 0.97 
n 3.38 2.88 2.66 0.67 4.33 0.76 
I 3.92 2.49 2.09 0.67 4.29 0.57 
J 3.56 1.42 0.48 0.62 4.03 0.54 
K 2.91 0.09 0.00 0.59 3.68 0.47 
L 2.46 0.06 o.oo 0.48 - 0.53 
M 1.87 0.00 0.00 0.29 3.00 0.41 
N 0.26 0.00 0.00 0.14 1.97 0.29 
0 0.00 0.00 o.oo 0.14 1.15 0.30 
p• 
Q' 
R' 0.36 0.03 0.00 - 9.60 6.81 1. 76 S.46 11. 7 13.8 

Sl' o.oo 0.00 0.00 1.00 7.80 0.63 0.08 2.24 4.8 1.9 
82' (Jl 

'-I 

TI' 0.05 5.91 6.52 1. 70 6.27 0.92 4.40 3.04 5.5 1.2 
T2' 0.00 4.05 4.54 1.07 2. 78 0.70 3.13 2.58 1.0 0.8 
T3. 0.00 4.36 4.21 0.77 0.53 0.48 1.85 2.15 0.6 1.4 
T4' 0.00 4.02 3.41 0.79 0.27 0.41 1.57 1. 75 0.2 0.5 

u· 4. 71 5.56 S.56 1.36 6.32 1.22 4.24 2.48 4.7 1.6 

Vl' o.oo 4.99 S.33 0.70 5.08 0.74 3.40 2.36 3.S 0.9 
V2' 0.00 4. 70 4.83 1.24 4.37 0.70 3.04 2.27 3.8 1.2 
V3' 0.00 4.26 4.06 1.10 3.28 0.50 2.76 2.11 2.3 0.7 
V4' 0.00 3. 71 3.06 0.89 1.91 0.56 2.49 1.91 1.6 0.6 
VS' 0.00 3.20 2.21 0.79 0.91 - 2.42 1. 75 o.s 0.5 
V6' o.oo 2.45 1.30 0.59 0.29 0.42 2.34 1.46 0.2 0.2 
V7' 0.00 o.os o.oo 0.08 0.00 0.14 0.17 0.36 0.0 0.2 

Wl' 0.00 3.70 3.01 1.00 3. 71 0.67 2.61 1.90 2.9 1.3 
W2' 0.00 2.46 1. 75 0. 77 1. 76 0.54 2.43 1. 72 1.1 0.6 
W3' 0.00 0.59 0.14 0.47 0.23 0.39 2.20 1.36 0.3 0.6 
W4' 0.00 0.14 o.oo 0.30 0.15 0.32 1.45 0.94 0.2 0.6 

NOTE: Concentration data recorded as mole percent. 
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APPENDIX B 
WIND TUNNEL DATA OF SPRAY CURTAIN RUNS 
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Appendix B - Wind Tunnel Results of Water Spray Curtain Simulations 

The following is a compilation of the plume concentration at the 

locations shown on the grid map (Figure 5) specific to runs 1-153. The 

concentrations measured in the wind tunnel are also converted to field 

equivalent concentrations. Table B-1 is a summary of the parameters 

corresponding to each run. The information provided in the table 

includes the run number, the dike height, presence of a tank on the area 

source (none, small, medium or large}, the spray configuration as refer-

enced to Figure B-1, the direction of the sprays, the spacing between 

nozzles (L }, the normal distance from the spray curtains to the dike n 

wall (L }, the height of the spray nozzle (H }, the spray nozzle type, s s 

wind velocity used in the tunnel as well as the field equivalent velo-

city, the model and field source gas flow rates, and the water pressure 

used during the simulations. 

The tanks that were used during the latter runs are described by 

Figure B-2. Typical average wind velocity and local turbulence intensi-

ties are summarized in Figures B-3 thru B-6. 

As previously noted, the runs summarized in this section involved 

plume releases with variations in spray geometries, spray pressures, 

source flow rate, wind velocities, and with or without a tank present on 

the area source. 
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Table B-1 
Run Specifications 

Field Model 
Dike Wind Wind 

Run Height Spray Spray L L H Nozzle Velocity Q Velocity Q AP 
Number (cm) Tank Configuration Direction n s s Type 3P m 

(cm) (cm) (cm) (m/s) (m /s) (cm/s) (cc/s) (~sig) 

1 4 No - - - - - - 2.2 181.S 22 181S 
2 4 No - - - - - s.o 181.S so 181S 
3 4 No - - - - - 8.0 181.S 80 181S 
4 4 No A Down 29.8 14.7 14.2 A 2.2 181.S 22 181S S.20 
s 4 No A Down 29.8 14.7 14.2 A s.o 181.S so 181S S.20 
6 4 No A Down 29.8 14.7 14.2 A 8.0 181.S 80 181S S.20 
7 4 No - - - - - - 2.2 89.8 22 898 
8 4 No A Down 29.8 14.7 14.2 A 2.2 89.8 22 898 S.20 
9 4 No - - - 2.2 3S1.4 22 3S14 

10 4 No A Down 29.8 14.7 14.2 A 2.2 3S7.4 22 3S14 S.20 
11 4 No B Down 14.9 14.7 14.2 A 2.2 181.S 22 181S S.20 
12 4 No c Down 1.S 14.7 14.2 A 2.2 181.S 22 181S S.20 
13 4 No c Down 1.S 14.7 14.2 A 2.2 3S1.4 22 3S14 S.20 
14 4 No D Down 14.9 14.7 14.2 A 2.2 181.S 22 181S S.20 
lS 4 No D Down 14.9 14.7 14.2 A s.o 181.S so 181S S.20 
16 4 No D Down 14.9 14.7 14.2 A 8.0 181.S 80 181S S.20 
17 4 No E Down 14.9 14.7 14.2 A 2.2 181.S 22 181S S.20 
18 4 No E Down 14.9 14.7 14.2 A s.o 181.S so 181S S.20 CJ") 

00 
19 4 No E Down 14.9 14.7 14.2 A 8.0 181.S 80 181S S.20 
20 4 No F Down 14.9 14.7 14.2 A 2.2 181.S 22 181S S.20 
21 4 No F Down 14.9 14.7 14.2 A s.o 181.S so 181S S.20 
22 4 No F Down 14.9 14.7 14.2 A 8.0 181.S 80 181S S.20 
23 4 No G Down 14.9 14.7 14.2 A 2.2 181.S 22 181S S.20 
24 4 No G Down 14.9 14.7 14.2 A s.o 181.S so 181S S.20 
2S 4 No G Down 14.9 14.7 14.2 A 8.0 181.S 80 181S S.20 
26 4 No A Up 29.8 14.7 0.0 A 2.2 181.S 22 181S S.00 
27 4 No A Up 29.8 14.7 0.0 A s.o 181.S so 181S S.00 
28 4 No A Up 29.8 14.7 0.0 A 8.0 181.S 80 181S S.00 
29 4 No A Up 29.8 14.7 0.0 A 2.2 89.8 22 898 s.oo 
30 4 No A Up 29.8 14.7 0.0 A 2.2 3S1.4 22 3S14 S.00 
31 4 No B Up 14.9 14.7 0.0 A 2.2 181.S 22 181S s.oo 
32 4 No c Up 1.S 14.7 o.o A 2.2 181.S 22 181S s.oo 
33 4 No c Up 1.s 14.7 0.0 A 2.2 3S1.4 22 3S14 S.00 
34 4 No D Up 14.9 14.7 0.0 A 2.2 181.S 22 181S S.00 
3S 4 No D Up 14.9 14.7 o.o A s.o 181.S so 181S S.00 
36 4 No D Up 14.9 14.7 0.0 A 8.0 181.S 80 181S S.00 
37 4 No E Up 14.9 14.7 0.0 A 2.2 181.S 22 181S s.oo 
38 4 No E Up 14.9 14.7 0.0 A s.o 181.S so 181S S.00 
39 4 No E Up 14.9 14.7 0.0 A 8.0 181.S 80 181S S.00 
40 4 No F Up 14.9 14.7 0.0 A 2.2 181.S 22 181S S.00 



Table B-1 
Run Specifications (Con't ) 

Field Model 
Dike Wind Wind 

Run Height Spray Spray L L H Nozzle Velocity Q Velocity Q AP 
Number (cm) Tank Configuration Direction n s s Type 3P m 

(cm) (cm) (cm) (m/s) (m /s) (cm/s) (cc/s) (l!si11) 

41 4 No F Up 14.9 14.7 0.0 A s.o 181.S so 1815 S.00 
42 4 No F Up 14.9 14.7 o.o A 8.0 181.S 80 1815 S.00 
43 4 No G Up 14.9 14.7 o.o A 2.2 181.S 22 181S S.00 
44 4 No G Up 14.9 14.7 0.0 A s.o 181.S so 1815 S.00 
45 4 No G Up 14.9 14.7 o.o A 8.0 181.S 80 181S S.00 
46 4 No B Up/Down 14.9 14.7 14.2 A 2.2 181.S 22 181S s.oo 
47 4 No - - - - - - 2 . 2 181.S 22 1815 
48 4 No B Down 14.9 14.7 14.2 A 2.2 181.S 22 1815 S.00 
49 0 No - - - - - - 2.2 181.S 22 1815 
so 0 No - - - - - - 2.2 181.S 22 1815 
Sl 4 No B Down 14.9 14.7 14.2 A 2.2 181.S 22 181S 9.90 
52 4 No B Down 14.9 14.7 14.2 A 2.2 181.S 22 181S 19.30 
54 4 No B Up 14.9 14.7 0.0 A 2.2 181.S 22 181S 19.10 
59 4 No A Down 29.8 14.7 12.1 D .S @ .2Sm 138.1 22 6217 21.SO 
60 4 No A Down 29.8 14.7 24.4 E .S @ .2Sm 138.1 22 6217 21.SO 
61 4 No - - - - - - .s @ .2Sm 138.1 22 6217 
62 4 No - - - - - - 3.0 100.0 30 1000 
63 4 No J Down 14.9 14.7 14.2 A 3.0 100.0 30 1000 4.72 01 

l..O 

64 4 No J Down 14.9 14.7 14.2 A 3.0 100.0 30 1000 18.90 
6S 4 No J Down 14.9 4.9 14.2 A 3.0 100.0 30 1000 4. 72 
66 4 No J Down 14.9 4.9 14.2 A 3.0 100.0 30 1000 18.90 
67 4 No J Down 14.9 21.0 14.2 A 3.0 100.0 30 1000 4.72 
68 4 No J Down 14.9 21.0 14.2 A 3.0 100.0 30 1000 18.90 
69 4 No J Down 22.4 14.7 22.0 G 3.0 100.0 30 1000 S.00 
70 4 No J Down 22.4 4.9 22.0 G 3.0 100.0 30 1000 S.00 
71 4 No J Down (4S 0

) 22.4 21.0 22.0 G 3.0 100.0 30 1000 S.00 
72 4 No J Up 14.9 14.7 0.0 A 3.0 100.0 30 1000 4.72 
73 4 No J Up 14.9 14.7 0.0 A 3.0 100.0 30 1000 18.90 
74 4 No J Up 14.9 4.9 o.o A 3.0 100.0 30 1000 4.72 
75 4 No J Up 14.9 4.9 o.o A 3.0 100.0 30 1000 18.90 
76 4 No J Up 22.4 14.7 o.o G 3.0 100.0 30 1000 S.00 
77 4 No J Up 22.4 4.9 o.o G 3.0 100.0 30 1000 s.oo 
78 4 No J Down (4S 0

) 14.9 21.0 14.2 A 3.0 100.0 30 1000 10.00 
80 4 No - - - - - - 3.0 100.0 30 1000 
81 4 No - - - - - - 2.2 100.0 22 1000 
82 4 No B Down 14.9 14.7 14.2 A 2.2 100.0 22 1000 4.70 
83 4 No B Down 14.9 14.7 14.2 A 3.0 100.0 30 1000 4.70 
84 4 No K Down (4S 0

) 14.9 21.0 14.2 A 3.0 100.0 30 1000 9.80 
SS 4 No K Down (4S 0

) 14.9 21.0 14.2 A 3.0 100.0 30 1000 18.90 
86 4 No H Down (4S 0

) 14.9 21.0 14.2 A 3.0 100.0 30 1000 18.90 
87 4 No K Down (4S 0

) 14.9 21.0 14.2 A 2.2 100.0 22 1000 9.80 



Table B- 1 
Run Specifications (Con ' t) 

Field Model 
Dike Wind Wind 

Run Height Spray Spray L L H Nozzle Velocity Q Velocity Q AP 
Number (cm) Tank Configuration Direction n s 5 Type 3P m 

(cm) (cm) (cm) (m/ s) (m /s) (cm/s) (cc/s) (psig) 

88 4 No K Down (45 ° ) 14.9 21.0 14.2 A 2.2 100.0 22 1000 18.90 
89 4 No B Up 14.9 14.7 o.o A 2.2 100.0 22 1000 18.90 
90 4 No B Up 14.9 14.7 o.o A 3.0 100.0 30 1000 18.90 
91 4 No - - - - - - 2.2 216.6 22 2166 
92 4 No K Down (45 ° ) 14.9 21.0 14.2 A 4.5 100.0 45 1000 
93 4 No K Down (45 ° ) 14.9 21.0 14.2 A 4.5 100.0 45 1000 9.80 
94 4 No K Down (45 °) 14.9 21.0 14.2 A 4.5 100.0 45 1000 18.90 
95 4 No - - - - - - 6.0 100.0 60 1000 
96 4 No K Down (45 ° ) 14.9 21.0 14.2 A 6.0 100.0 60 1000 9.80 
97 4 No K Down (45 ° ) 14.9 21.0 14.2 A 6.0 100.0 60 1000 18.90 
98 4 No - - - - - - 8.0 100.0 80 1000 
99 4 No K Down (45 ° ) 14.9 21.0 14.2 A 8.0 100.0 80 1000 2.80 

100 4 No K Down {45°) 14.9 21.0 14.2 A 8.0 100.0 80 1000 18.90 
101 4 No B Up 14.9 14.7 0.0 A 4.5 100.0 45 1000 18.90 
102 4 No B Up 14.9 14.7 0.0 A 6.0 100.0 60 1000 18.90 
103 4 No B Up 14.9 14.7 0.0 A 8.0 100.0 80 1000 18.90 

-.....i 
104 4 No - - - - - - 2.2 181.5 22 1815 - 0 
106 4 No H Down 14.9 21.0 14.2 A 3.0 100.0 30 1000 9.80 
107 4 No L Down 7.5 13.2 14.2 A 3.0 100.0 30 1000 4.70 
108 4 No B Up 14.9 14.7 0.0 A 3.0 100.0 30 1000 6.70 
109 4 No B Up 14.9 14.7 o.o A 3.0 100.0 30 1000 9.70 
110 4 No B Up 14.9 14.7 0.0 A 3.0 100.0 30 1000 13.60 
111 4 No B Up 14.9 14.7 0.0 A 3.0 100.0 30 1000 19.10 
112 4 No B Up 14.9 14.7 o.o A 3.0 100.0 30 1000 26.90 
113 4 s - - - - - - 3.0 100.0 30 1000 
114 4 s B Up 14.9 14.7 0.0 A 3.0 100.0 30 1000 19.10 
115 4 No - - - - - - 3.0 50.0 30 500 
116 4 No B Up 14.9 14.7 0.0 A 3.0 50.0 30 500 19.10 
117 4 No - - - - - - 3.0 70.7 30 707 
118 4 No B Up 14.9 14.7 o.o A 3.0 70.7 30 707 19.10 
119 4 No - - - - - 3.0 141.4 30 1414 
120 4 No B Up 14.9 14.7 0.0 A 3.0 141.4 30 1414 19.10 
121 4 No - - - - - - 3.0 200.0 30 2000 
122 4 No B Up 14.9 14.7 0.0 A 3.0 200.0 30 2000 19.10 
123 8 M - - - - - - 3.0 100.0 30 1000 
124 8 M B Up 14.9 14.7 0.0 A 3.0 100.0 30 1000 19.10 
125 16 L - - - - - - 3.0 100.0 30 1000 
126 16 L B Up 14.9 14.7 0.0 A 3.0 100.0 30 1000 19.10 
127 4 No B Up 14.9 14.7 0.0 I 3.0 100.0 30 1000 7.40 
128 4 No B Up 14.9 14.7 0.0 I 3.0 100.0 30 1000 10.30 
129 4 No B Up 14.9 14.7 o.o I 3.0 100.0 30 1000 14.50 



Table B-1 
Run Specifications (Can't) 

Field Model 
Dike Wind Wind 

Run Height Spray Spray L L H Nozzle Velocii:y Q Velochy Q AP 
Number (cm) Tank Configuration Direction n s s Type 3P m 

(cm) (cm) (cm) (m/s) (m /s) (cm/s) (cc/s) (,2sisl 

130 4 No B Up 14.9 14.7 0.0 I 3.0 100.0 30 1000 20.50 
131 4 No A Up 29.8 14.7 o.o I 3.0 100.0 30 1000 28.9u 
132 4 No A Up 29.8 14.7 o.o I 3.0 100.0 30 1000 40.8u 
133 4 No A Up 29.8 14.7 o.o I 3.0 100.0 30 1000 51.50 
134 4 No K Down (45 °) 14.9 21.0 14.2 A 3.0 100.0 30 1000 6.9u 
135 4 No K Down (45 °) 14.9 21.0 14.2 A 3.0 100.0 30 1000 9.70 
136 4 No K Down (45 °) 14.9 21.0 14.2 A 3.0 100.0 30 1000 13.40 
137 4 No K Down (45 °) 14.9 21.0 14.2 A 3.0 100.0 30 1000 18.90 -....J 
138 4 No K Down (45°) 14.9 21.0 14.2 A 3.0 100.0 30 1000 26.70 ~ 

139 4 s K Down (45°) 14.9 21.0 14.2 A 3.0 100.0 30 1000 18.9u 
140 4 No K Down (45°) 14.9 21.0 14.2 A 3.0 50.0 30 500 18.9u 
141 4 No K Down (45°) 14.9 21.0 14.2 A 3.0 70.7 30 707 111.9u 
142 4 No K Down (45 °) 14.9 21.0 14.2 A 3.0 141.4 30 1414 18.90 
143 4 No K Down (45°) 14.9 21.0 14.2 A 3.0 200.0 30 2000 18.9u 
144 8 M K Down (45°) 14.9 21.0 14.2 A 3.0 100.0 30 1000 18.9u 
145 16 L K Down (45°) 14.9 21.0 14.2 A 3.0 100.0 30 1000 18.9u 
146 4 No K Down (45°) 14.9 18.2 10.2 I 3.0 100.0 30 1000 7.20 
147 4 No K Down (45°) 14.9 18.2 10.2 I 3.0 100.0 30 1000 10.10 
148 4 No K Down (45°) 14.9 18.2 10.2 I 3.0 100.0 30 1000 14.30 
149 4 No K Down (45°) 14.9 18.2 10.2 I 3.0 100.0 30 1000 20.30 
150 4 No I Down (45°) 14.9 21.0 14.2 A 3.0 100.0 30 1000 18.90 
151 4 No I Down (45°) 14.9 18.2 10.2 I 3.0 100.0 30 1000 10.10 
152 4 No H Down (45°) 14.9 21.0 14.2 A 3.0 100.0 30 1000 18.90 
153 4 No H Down (45°) 22.4 34.0 24.0 H 3.0 100.0 30 1000 29.60 
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RUN NIJMRER • 1 CONFI~URATION • -

NO WATER SPRAY 
MODEL FLOW RATE • 1815.0 CC/SEC 
PROTOTYPE FLOW RATE • 90.8 GM/CSEC(M)(M)) 
MODEL VELOCITY •Z2.0 CM/SEC AT ' CM 
PROTOTYPE VELOCITY • 2.2 M/SEC ~T 5 M 

SAMPLE 
POINT 

4 
5 
6 
7 
B 
Q 

10 
11 
12 
13 
14 
15 
16 
17 
18 lQ 
20 
21 
22 
23 
24 
25 
26 
27 
26 
2Q 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

MEAN 
CONCENTRATION 

PERCENT 
(MOOE L> 

.o .o .o 
1.4 

18.Q 
21.7 
10.2 
13.1 
16.5 zz.q 
30.1 
41.6 
45.8 
45.3 

.9 

.1 .o o.o 
47.2 
40.5 
29.6 
22.R 
15.3 
12.1 
7.7 

22.1 
20.1 
3.4 .o o.o o.o 

20.9 
lti.Q 
15.4 
16.6 
12.2 
11.4 
1.0 

.3 .o o.o 
11.4 

MEAN r nNCENTRA TION 
PF.RC ENT 

( PPOTIJTYPf') 
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RUN NUMBER • 2 CONFIGURATlON • -

NO WATER SPRAY 
MODEL FLOW RATE • 1815.0 C~/SEC 
P~OTOTYPE FLOW RATE • 90.8 GM/(SECfM)(M)) 
MODEL VELOCITY •50.0 CM/SEC AT 5 C~ 
PROTOTYPE VELOCITY • 5.0 M/SEC AT 5 H 

SAMPLE 
POINT 

4 
5 
6 
7 
8 q 

10 
11 
lZ 
13 
14 
15 
16 
17 
16 lQ 
20 
21 
22 
Z3 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
3q 
40 
41 
42 
43 
44 
45 

MEAN 
CONCENTRATION 

PERCENT 
(MOOE U 

o.o o.o o.o o.o o.o 
.1 .o o.o 

10.0 
15.e 
lZ.e 
15.Z 
16.3 
16.3 

3.0 
.4 .o .o 

17.4 o.o 
13.5 
16.3 

Q.3 .o .o 
q.4 
6 • ., 
l.R 

.3 .o q.z .o 
7.6 
6.4 
1.1 
5.6 
5.2 
2.1 

.3 

.1 o.o 
5.4 

MF.AN 
CONCENTPATJON 

PERCENT 
(PROTOTYPFl 

o.o o.o o.o o.o o.o 1.e .o o.o 
23.2 
33.7 
28.4 
3?..7 
34.5 
~4.5 1.e 
1.1 .o .c 

36.3 o.o 
29.b 
34.5 
21.7 

.1 .o 
21.0 
1Q.15 
4.7 .e 

.1 
21. 5 .o 
18.l 
15.5 
18.4 
13.9 
12.A 
'j. 5 

• R 
• 2 

0 • () 
13.3 
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PUN NUMSfR • ~ CON~J\,URATJON • -

NO WATER SPRAY 
MODEL FLOW RATE • 1815.0 CC/SEC 
PROTOTYPE FLOW RATE• 90.8 \,~/fSEf(M)(M)) 
MODEL VELOCITY •80.0 C~/SEr AT 5 r~ 
PROTOTYPE VELOCITY • a.o ~/SEC AT 5 M 

SAMPLE 
POINT 

4 
5 
6 
7 
~ 
9 

10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

MEAN 
CONCENTRATION 

PERCENT 
(MODE U 

.o .o .o .o 

.4 

.5 .z 

.3 

.4 

.A 
4.4 
6.2 
6.8 
6.9 
4.7 
3.1 

.6 .o 
6.1 
5.8 
1.7 

.5 

. 3 .z o.o 
4 . 6 
4.5 
3.4 
2.0 o.o o.o o.o 
4.1 
3.9 
3.7 
3.2 
3.0 
2.4 
1.2 o.o o.o 
2.9 

fl'EAN 
CONCENTPATJON 

P EIH~ ENT 
CPRnTOTYPE) 

.o .o .o .o 
1.1 
1.3 

.6 

.9 
1.1 
2.2 

11.0 
1!i.1 
lb.5 
16.7 
11.7 
7.9 
1.5 .o 

15.0 
14.3 

4 • f-
1. 3 

.9 

.7 o.o 
11.5 
11.4 
~.6 
5.3 o.o o.o o.o 

10.4 
9.P 
9.4 
8.1 
7.8 ,, • 2 
3.? o.o o.o 
7.5 
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RUN NUMBER • 4 CONFIGURATION • A-DOWN 

DOWNWARD WATER SPRAY 
WIND DIRECTION • 01 SPRAY NOZZLES PEP SIDE • 4 
M 0 D EL F L 0 W RAT E • 1815 • a CC I S EC 
PR 0 T 0 TY P E F L 0 W R ATE • 90 • 8 GM I C S E C OU C M ) ) 
MODEL VELOCITY •?2.0 CM/SEC AT 5 CM 
PROTOTYPE VELOCITY • 2.2 ~/SE~ ~T 5 M 

SAMPLE 
POINT 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
l~ 
lQ 
20 
21 
22 
2~ 
24 
25 
26 
27 
28 2Q 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

MEAN 
CONCENTRATION 

PERCENT 
<MOOE L> 

3.1 
1.2 
3.1 
q.7 

15.1 
11.R q.o 

l.Q 
Z.6 

lB.l 
3.2 

23.4 
26.Q 
27.7 
1.7 

.2 .o .o 
24.l 
22.6 
13.4 

Q.8 e.o 
9.2 e.1 

13.9 
12.3 

5.4 
.3 .o .o 

14.2 
12.Q 
12.2 
12.5 
10.6 
10.6 1.e 

1.6 o.o .o 
10.6 

MEAN 
CONCENTPA TION 

PERCFNT 
(PPOTOTYPE) 
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RUN NUMAEP • 5 CQNf:JGllRATJO~ • A-DOWN 

DOWNWARD WATER SPRAY 
WIND DIRECTION • 01 SPRAY NOZZL~S PFR SIDE • 4 
MODEL FLOW RATE • 1815.0 CC/Ser. 
PR 0 T 0 TYPE FL 0 W RATE • 90. 8 GM I < SE C f M ) ( M ) ) 
MODEL VELOCITY •50.0 CM/SEC AT 5 CM 
PROTOTYPE VELOCITY • 5.0 M/SEC •T 5 M 

SAMPLE 
POINT 

4 
5 
6 
7 e q 

10 
11 
lZ 
13 
14 
15 
16 
17 
18 lQ 
20 
21 
22 
23 
24 
25 
26 
27 
28 
i3 
31 3Z 
33 
34 
35 
36 
37 
38 
39 
40 
~l 
43 
44 
45 

"1EAN 
CONCENTRATION 

PERCENT 
(MODEL) 

.1 .o .o 

.1 

.2 

.2 

.1 

.1 

.2 
2.3 

10.7 io.q 
3.6 

12.0 
7.1 3.e 

.1 .o 
3.8 

11.1 
6.9 
2:~ 

.1 

.1 
6.9 
1.0 
3.3 
1.0 

.1 .o 
7.1 
6.0 
6.2 
6.5 
5.1 
5.3 
3.2 .e 

.1 .o 
5.4 

MEAN 
CONCENT~A TYON 

PERCENT 
CPPOTOTYPf) 
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RUN NUMAER • 6 C 0 NJ= I GU PAT I ON • A-DOWN 

DOWNWARD WATER SPRAY 
WINO DIRECTION • 01 SPRAY NOZZLES PEP SIDE • 4 f10DEL FLOW RATE• 1815.0 CC/SEC 
P R 0 T 0 TY P E F L 0 W R ATE • 90 • 8 GM I ( SE C 01) ( M > ) 
HODEL VELOCITY •BO.O CM/SEC AT 5 CM PROTOTYPE VELOCITY • e.o ~/SEC AT 5 H 

SAMPLE 
POINT 

4 
5 
6 
7 e q 

10 
ll 
12 
13 
14 
15 
16 
17 
18 lq 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3e 
19 
40 
41 
42 
43 
44 
45 

MEAN 
CONCENTRATION 

PERCENT 
< f'lODE L> 

.o .o .o 

.1 

.1 

.1 

.1 

.1 

.1 

.2 

.5 
5.0 
3.5 
6.4 
4.8 
3.4 

.1 .o 
3.7 
4.A 
.4 
.1 
.1 
.1 
.1 

3.6 
4.5 
3.5 
2.3 

.6 .o 
3.Q 
3.4 
3.B 
3.8 
3.0 
3.0 
2.1 
1.2 

.4 .o 
2.9 

MEAN 
CONCENTRATION 

PERC F. NT 
( PPOT!'JTYP E> 
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RUN NUMBER • 1 ca Ni: I GllR ATHlN • -

NO WATER SPRAY 
MODEL FLOW RATE • 898.0 er/SEC 
PROTOTYPE FLOW RATE • 44.9 GMlfSEC0001)) 
HODEL VELOCITY •22.0 C~/SEC AT ' rM 
PROTOTYPE VELOCITY • Z.2 M/SEC AT 5 H 

SAMPLE 
POINT 

4 
5 
6 
1 
8 q 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 zq 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

MEAN 
CONCENTRATION 

PERCENT 
(MODE U 

.o .o o.o .o 
e.2 

11.4 
3.6 
6.0 e.e 

13.7 
16.9 
20.9 
22.2 
22.1 .a .o .o o.o 
22.4 
20.7 
16.6 
13.4 

B.3 
5.6 
2.7 

12.1 
11.3 

2.1 o.o o.o o.o 
5.8 
9.1 
8.3 
9.0 5.q 
5.7 
3.0 o.o o.o o.o 
5.8 

Mf!AN 
cnNr.ENTPATJON 

PERCENT 
( PROTIJTYPF) 

.o .o o.o .o 
lQ.4 
25.7 
9.1 

14.B 
20.7 
30.0 
35.4 
41.6 
4 3. 15 
43.4 

2.2 .o .o o.o 
43.EI 
41.3 
34.Q 
29.4 
19.6 
13. i' ., • 0 
27.1 
25.7 
5.4 o.o o.o o.o 

14.2 
21.2 
19.6 
21.1 
14.5 
14.1 
7.6 o.o o.o o.o 

14.4 
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RUN NUMBER • 8 CONFIGURATION • A-DOWN 

DOWNWARD WATER SPRAY 
WIND DIRECTION • 01 SPRAY NOZZLES PEP SIDE • 4 MODEL FLOW RATE • 898.0 CC IS EC PROTOTYPE FLOW RATE • 44.9 GM/(SEC(M)(M)) 
MODEL VELOCITY •2Z.O CM/SEC AT 5 CM 
PROTOTYPE VELOCITY • 2.2 M/SEC AT 5 M 

ME~N '1EAN 
SAMPLE CONCENTRATION CONCENTRATION 

POINT PERCENT PERCfNT 
< fl!OOEL > (PROTOTYPF> 

4 .2 • 5 
5 .1 .3 
6 .1 .4 
7 .3 .e 
8 - -q 3.4 0.e 

10 2.9 7.5 
11 3.3 a.4 
12 3.8 9.7 
13 7.B 18.5 
14 7.8 18.5 
15 7.5 17.9 
16 10.0 ?:l.? 
17 10.7 24. 5 
18 1.6 4.1 
19 .3 .1 
20 .1 .2 
21 .o .o 
22 9.3 Zl.6 
23 6.7 ]6.3 
24 6.7 16.4 
25 1.6 4.2 
26 2.0 5.3 
2. 7 3.5 A.9 
28 3.4 B • fl 
29 6.0 14.7 
30 6.0 14.6 
31 1.9 5.0 
32 .2 .6 
33 .o .1 
34 .o .o 
35 5.9 14.6 
36 5.1 12.7 
37 4.6 11.,, 
38 5.0 12.~ 
39 4.4 11.? 
40 4.-; ll.4 
41 3.7 q.3 
42 .6 1.7 
43 .1 .1 
44 .o .o 
45 4.5 11.2 
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RUN NUMREJI • q CON~TGtlRATJON • -

NO WATER SPRAY 
MODEL FLOW RATE • 3574.0 rr.1si:c 
PROTOTYPE FLOW PATE • 178.7 GM/(SEr(M)(M)) 
MODEL VELOCITY •22.0 CM/SEC AT 5 CM 
PROTOTYPE VELOCITY • Z.2 M/SFC AT 5 M 

SAMPLE 
POINT 

4 
5 
6 
7 
8 
9 

lY 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
Zit 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

MEAN 
CONCENTRATION 

PEPCENT 
010DFU 

37.1 
31.9 
18.7 
30.Q 
46.0 
44.5 
25.0 
2Q.5 
31.4 
36.5 
46.e 
58.6 
59.5 
61.2 

2.4 
.1 .o o.o 

59.3 
55.0 
43.6 
35.0 
31.0 
28.3 
22.9 
37.3 
35.7 
13.6 

.4 .o o.o 
35.6 
30.6 
2e.6 
30.0 
21.9 
21.2 
12.9 

l.Q .o .o 
21.1 

"'EAN cnNCENTPATJON 
PEPCFNT 

( p ~oTnTYP f, 
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RUN NUMBER • 10 CONFir,URATION •A-DOWN 

DOWNWARD WATER SPRAY 
WIND DIRECTION • 01 SPRAY NOZZLES PER SIDE • 4 MODEL FLOW RATE • 3574.0 CC/SEC 
PROTOTYPE FLOW RATE • 178.7 GM/f~EC01J(H)) 
MODEL VELOCITY •22.0 CM/SEC AT 5 CM 
PROTOTYPE VELOCITY • 2.2 M/SEC AT 5 M 

SAMPLE POINT 

4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

MEAN 
CONCENTRATION PERCENT 

f "100E L> 

19.6 
14.9 
11.9 
16.7 
31.2 
23.3 
16.6 
17.0 
18.l 
29.2 
29.2 
27.5 
28.5 
31.9 

4.2 
.2 .o o.o 

32.0 
28.6 
27.6 
23.2 
21.1 
18.3 
H>.6 
20.7 
20.5 
12.0 
1.0 .o .o 

19.8 
17.6 
17.6 
17.8 
13.8 
13. f:i q.a 

2.Q 
.1 .o 

13.4 

MEAN 
CONr.ENTRATION 

PF.RC ENT 
(l»ROTOTYPF) 
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RUN NU'1F\ER • 11 CONFTGl'PATTl'1N • B-DOWN 

DOWNWARD WATER SPRAY 
WIND DIRECTION • 01 SPRAY NnZ7LES PF.R SIDE • 7 
MODEL FLOW RATE • 1815.0 CC/SEC 
p Ra T 0 Ty p E F L 0 w R AT E • 90 • 8 r. M /( s E r ( M )( M ,, 
MODEL VELOCITY •22,0 CM/SEC AT 5 C~ 
PROTOTYPE VELOCITY • 2.2 ~/SF.C AT ~ M 

SAMPLE 
POINT 

4 
5 
6 
7 
8 
C) 

10 
11 
12 
13 
14 
15 
16 
17 
18 iq 
20 
21 
22 
23 
24 
25 
26 
27 
28 
2q 
30 
31 
32 
33 
34 
35 
36 
37 
38 
3q 
40 
41 
42 
43 
44 
45 

MEAN 
CONCENTRATION 

PERCENT 
( Pl!OOE l) 

3.1 
2.4 
2.3 
3.1 
4.2 
3,5 
3.4 
3.0 2.e 

11.2 
10.3 

q.6 
11.7 
11.7 

6.1 
1.4 

.1 .o 
15.7 
14.4 
10.q 

3.0 
4.7 
5.4 
5,7 

10.1 
9,7 
4.1 

.4 

.1 .o 
9.lt 
A.8 e.5 
9.0 
1.1 
6.5 
4.6 
1.9 

.3 .o 
6.3 

~EAN 
CONCF.NTPA TION 

PEPCFNT 
f PPrlTOTYPf) 

~.o 
6.2 
6.1 
7.9 

10.Ei 
9.0 
8.6 1.e 
7.3 

25.4 
23. El 
22. 'JI 
26.4 
26.4 
15.0 
3. fl 

.2 .o 
33.5 
31.3 24,q 
1.6 

11.7 
13.4 
14.0 
23.2 
2?.5 
10.4 
1.0 

.1 

.1 
21.e 
20.7 
20.1 
21.2 
17. l 
15.9 
11.6 
4.9 

.7 .o 
15.~ 
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RUN NUMBER • 12 CON FI Gl'RATJ ON • C-DOWN 

DOWNWARD WATER SPRAY 
WIND DIRECTION • o, SPRAY NOZZLES PEP SIDE • 13 
MODEL FLOW RATE • 1815.0 CC/SFC 
PROTOTYPE FLOW RATE • 90.8 GPo1/(SEC:Cf1)(M)) 
HODEL VELOCITY •22.0 CM/SEC AT 5 CM 
PROTOTYPE VELOCITY • 2.2 M/SEC AT S M 

SAMPLE 
POINT 

4 
5 
6 
7 
8 q 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
?. 3 
24 
25 
26 
21 
28 zq 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

P'IEAN 
CONCENTRATION PERCENT 

('10DEU 

5.0 
2.2 
.2 z.3 

4.4 
3.3 
3.4 
3.2 
2.9 
5.0 
e.6 

10.e 
12.6 
13.2 
1.9 
4.4 
.2 o.o 

10.6 
10.3 e.3 Z.3 
1.6 
1.9 
Z.3 a.a e.9 
3.6 

.4 

.1 o.o 
B.9 
7.9 
7.f> 
B.2 
6.7 
6.6 
5.1 .a 

.1 o.o 
7.1 

PltEAN 
CONCENTPA TION 

PERCENT 
(PROTOTYPE) 
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RUN NU"'0EP • 13 CON FI r.UPA T HlN • C-DOWN 

DOWNWARD WATER SPRAY 
WIND DIRECTION • 01 SPPAY ~~7ZLES PfQ SIOE • 13 
MODEL FLOW RATE • 3574.0 re/SEC 
PROTOTYPE FLOW PATE • 178.7 G~/CSE('fl'1)CM)) 
MODEL VELOCITY •22.0 CM/SEC AT 5 CM 
PROTOTYPE VELOCITY • 2.2 ~ISEC AT ~ M 

SAMPLE 
POINT 

4 
5 
b 
7 
8 q 

10 
11 
12 
13 
14 
15 
16 
17 
18 lQ 
20 
Zl 
22 
23 
24 
25 
26 
27 
28 zq 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

. 42 
43 
44 
45 

P"EAN 
CONCENTRATION 

PERCENT 
( MODF L> 

9.Q 
9.3 
b.3 9.z 

12.1 
8.9 
~.z 
e.~ 
7.4 

15. 2 
15.6 
10.2 
20.2 

9.0 
2.2 .o o.o 

19.e 
14.8 
12.4 
4.3 
5.6 
6.8 
7.4 

15.0 
14.5 

5.6 
.3 
.1 .o 

14.7 
13.3 
13.1 
13.e 
11.2 
10.9 e.o 

2.5 
.1 .o 

11.2 

MEA~' 
t:ONCENTPATION 

PFPCFNT 
( PPnTOTYP f) 

-21.1 
5.7 
.1 o.o 

40.0 
32.0 
27.7 
10.9 
13.e 
16.5 
17.7 
32.3 
~1.5 
13." 

.Q 

. 1 
• l 

31.7 
2Q.~ 
28.Q 
30.2 
25.5 
24 . Q 
19.l 
6.6 1. e .o 

25.3 
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RUN NUMBER • 14 CONFIGURATJl')N • D-DOWN 

DOWNWARD WATER SPPAY 
WIND DIRECTION • o, SPRAY NOZZLES PE~ SIDE • 4+3 
HORSESHOE SHAPE NOZZLE CONFTGURATtON 
l'IODF.L FLOW RATE • 1815.0 CC /SEC 
PROTOTYPE FLOW PATE • 90.8 GM/CSECCM)(M)) 
MODEL VELOCITY •22.0 CM/SEC AT 5 C~ 
PROTOTYPE VELOCITY • 2.2 M/SEC AT 5 M 

MEAN 
SAMPLE CONCENTRATION 

POINT PERCENT 
C MOOE L> 

4 20.6 
5 16.4 
6 7.0 
7 16.5 
8 17.9 
Q 8.9 

10 6.1 
11 4.Q 
12 4.8 
13 2.5 
14 4.6 
15 6.5 
16 o.o 
17 7.9 
18 4.7 
19 2.6 
20 .o 
21 o.o 
22 8.9 
23 6.6 
Z4 5.0 
25 3.2 
26 6.9 
27 7.9 
20 e.1 zq 6.8 
30 6.7 
31 3.1 
32 o.o 
33 .o 
34 .o 
35 6.3 
36 6.0 
37 5.7 
38 6.0 
3q 4.8 
40 4.5 
41 3.3 
42 .a 
43 .o 
44 o.o 
45 4.2 

fl4EAN 
CONCENTOATION 

PERCENT (PROTrlTYPE) 

41.2 
34.6 
17.0 
34.e 
37.0 
20.e 
14.Q 
12.2 
12.0 
6.~ 

11.6 
15.e o.o 
ia.o 
11.P 
6.7 .o o.o 

20.9 
16.0 
12.5 

f\. 1 
16.7 
18.Q 
19. 2 
16. !i 
16.3 e.o o.o 

.1 .o 
1 '5 • 4 
14.f. 
14.l 
14. 7 
12.0 
11.4 

fl. 4 
2.2 

.1 o.o 
10.6 
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PUN NUP1BEP • 15 CONfTGUPATJf'JN • 0-DOWN 

DOWNWARD WATER SPRAY 
WINO DIRECTION • 01 SPRAY NOZ7LES PEP SIDE • 4+3 
HORSESHOE SHAPE NOZZLE CONFJGURATID~ 
MODF.L FLOW RATE• 1815.0 CC/Sf!C 
PROTOTYPE FLOW RATE • 90.8 r,M/(SEr<M)(M)) 
MODEL VELOCITY •50.0 CM/SEC AT 5 CM 
P~OTOTYPE VELOCITY • 5.0 M/SFC AT 5 M 

f'IEAN MEAt-1 
SAMPLE CONCENTRATION CONCENTRATION 

POINT PERCENT PFRt:FNT 
<MOOE U ( PPnTOTYPE) 

4 .5 1.5 
5 .7 1. fl 
6 .4 1.1 
7 .e 2.0 
8 .7 l.R 
9 1.1 18.3 

10 .3 .7 
11 .6 1.7 
12 3.7 Q.4 
13 1.6 4.1 
14 5.0 lZ.4 
15 4.b 11.4 
1~ 4.1 10.4 
17 3.7 9.4 
18 .6 1.7 
19 1.0 Z.7 
20 o.o o.o 
21 o.o o.o 
22 6.7 16.2 
?. 3 7.4 17.Q 
24 6.5 15.Q 
25 1.4 3.B 
26 2.5 6.4 
27 .2 ·' 26 .2 .5 zq 6.0 14.7 
30 6.2 15.2 
31 5.0 12.5 
32 2.s 6.5 
33 .1 .4 
34 o.o o.o 
35 6.3 15.5 
36 5.6 1,.9 
37 5.e 14.3 
38 6.1 14.Q 
39 4.9 12.1 
40 4.8 11.9 
41 2.e 7.3 
42 .7 1.9 
43 .1 .3 
44 o.o o.o 
45 4.6 11.6 
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RUN NUMBER • 16 CONFIGURATION• D-DOWN 

DOWNWARD WATER SPRAY 
WINO DIRECTION • 01 SPRAY NOZZLES PER SIDE • 4+3 
HORSESHOE SHAPE NOZZLE CONFIGURATION 
MODEL FLOW RATE • 1815.0 CC /SEC 
PROTOTYPE FLOW llATE • 90.8 G"'41<SEC'lMl(M)) 
MODEL VELOCITY •80.0 CM/SEC AT 5 CM 
PROTOTYPE VELOCITY • e.o M/SEC AT 5 M 

MEAN 
SAMPLE CONCENTRATION 

PO TNT PERCENT 
(MODE U 

4 .1 
5 .1 
6 .1 
7 .1 
B .1 
9 .1 

10 .1 
11 .1 
12 .1 
13 .1 
14 .4 
15 3.1 
16 4.5 
17 4.9 
18 4.l 
19 2.Q 
20 .4 
21 .o 
22 4.4 
23 2.3 
24 • 3 
25 .1 
26 .1 
27 .1 
28 .1 z9 4.3 
30 4.4 
31 3.6 
32 2.3 
33 • 5 
34 .o 
35 4.0 
36 4.0 
37 3.Q 
~8 3.9 
39 3.4 
40 3.3 
41 2.6 
42 1.3 
43 .4 
44 4.0 
45 3.9 

MEAN 
CONCE~TRATION PFPC£NT 
( PRnTOTYPEl 



88 

RUN NUM!3EP • 17 CONF r GU PAT TnN • E-DOWN 

OOWNWA~D WATER SPRAY 
WIND DIRECTION • 15, SPRAY N~Z7LFS PFR SIDE • 4+3 
HORSESHOE SHAPE NOZZLE CONFTGURATION 
MODEL FLOW RATE • 1815 .0 CC/~~C 
PROTOTYPE FLOW RATE • 90.8 GP#t/ f SEr fH) 01)) 
MODEL VELOCITY •22.0 C~IS~C AT 5 C~ 
PROTOTYPE VELOCITY • 2.2 M/SEC AT ~ M 

SAMPLE 
POINT 

4 
5 
6 
7 
B 
Q 

10 
11 
12 
13 
14 
15 
16 
17 
18 
lQ 
20 
21 
22 
23 
24 
25 
26 
27 
28 2Q 
30 
31 
32 
33 
34 
35 
36 
37 
38 
3Q 
40 
41 
42 
43 
44 
45 

f"EAN 
CONCENTRATION 

PERCENT 
( fo!Ql)E U 

24.5 
23.2 
13.7 
23.6 
?.5. Q 
16.7 
10.2 
10.7 
10.4 

5.2 
4.7 
6. El e.h 
7.9 
1.13 
2.1 .o o.o 
7.5 
7.5 
7.6 
5.2 
7.1 
1.1 
1.~ 
7.8 
7.4 
4.6 

.5 .o .o 
7.2 
7.3 
7.0 
6.8 Q.O 
6.2 
5.0 
1.7 

.1 .o 
5.Q 

MEA~ 
cnNCE~TRATTON 

P FIH'. FNT 
(PROTOTYPE) 
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RUN NUM8ER • 18 CONFIGURATION • E-DOWN 

DOWNWARD WATER SPRAY 
WIND DIRECTION • 151 SPRAY NOZZLfS PER SIDE • 4+3 
HORSESHOE SHAPE NOZZLE CON~IGURATION 
fi'lODEL FLOW RATE • 1815.o CC/SfC 
pp a T 0 Ty p E FL 0 w p ATE • 90 • 8 r-." I ( s Ere M , on , 
MODEL VELOCITY •50.0 CM/SFC AT 5 C~ 
PROTOTYPE VELOCITY • 5.0 M/SEC AT ' M 

MEAN 
SAMPLE CONCENTRATION 

POT NT PEPCENT 
(MODEL) 

4 .1 
5 .1 
6 .1 
7 .1 
8 • 3 
9 11.Q 

10 .1 
11 5.1 
12 6.0 
13 2.0 
14 2.e 
15 4.Q 
16 4.7 
17 4.Q 
18 2.4 
19 1.5 
20 .o 
21 o.o 
22 5.0 
23 4.4 
24 5.0 
?.5 • 2 
26 .1 
27 .o 
28 .o 
2Q 4.5 
30 4.8 
31 4.? 
32 2.5 
33 .2 
34 .o 
35 5.0 
36 4.'!i 
37 4.6 
38 4.e 
3q 4.0 
40 4.0 
41 2.Q 
42 1.0 
43 .2 
44 .o 
45 4.1 

111eo1 
CONCENTPA TYON Pf PC ENT 
( PPOTOTYPFJ 
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RUN NUMBER • lQ C 0 N FI r, UR AT 1' nN • E-DOWN 

DOWNWARD WATER SPPAY 
WINO DIRECTION • 151 SPRAY NOZ?LES PER SIDE • 4+3 HORSESHOE SHAPE NOZZLE CON~TGURATION 
P4 0 D EL F L 0 W RAT E • 1815 • O CC I S F. C P ~ 0 TOT Y PE FL 0 W RATE • 90 • 8 r, M I ( SE r. ( M ) ( M ) ) 
MODEL VELOCITY •80.0 CM/SFC AT 5 C~ PROTOTYPE VELOCITY • e.o M/SFC AT ~ M 

MEAN MEOI 
SAMPLE CONCENTRATION cnNCE"'TPA TJON 

POINT PEPCENT PF.RCFNT 
(MODE U (PPOTOTYPE) 

4 .2 .6 
5 .2 .6 
b .1 • ? 
7 .2 .5 
8 .z • 'i q • 2 .4 

10 .1 .~ 
11 .1 • 3 
12 .1 ·" 13 1.5 4.0 
14 2.4 !>. 3 
15 3.8 q.p 
16 4.5 11.3 
17 4.0 10.2 
18 3.6 Q.1 
19 2.4 6.3 
20 .2 .4 
21 .o .o 
22 3.6 9.2 
23 2.6 t:i.7 
24 .4 1.0 
25 .1 • 'Z 
26 .1 .3 
27 .1 .2 
28 .1 .2 zg 3.9 9.Q 
30 3.6 Q.? 
31 3.0 7.7 
32 2.0 5.~ 
33 . 5 1.4 
34 .o .o 
35 3.1 a.o 
36 3.6 9.1 
37 3.4 a.7 
38 3.1 7.9 
39 3.1 7.9 
40 3.0 7.6 
41 2.4 6.2 
42 1.4 3.6 
43 .4 1.2 
44 .o .1 
45 2.7 6.9 
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RUN NUMBER • 20 CONFIGURATION • F··DOWN 

DOWNWARD WATER SPRAY 
WINO DIRECTION • 45, SPRAY NOZZLES PER SIDE • 4+3 
l • SHAPE NOZZLE CONFIGURATION 
MODEL FLOW RATE • 1815.0 CC/SEC 
PROTOTYPE FLOW RATE • 90.8 Gf'4/(SEC(P1)(P1)) 
~ODEL VELOCITY •22.0 CM/SEC AT 5 Cf'4 
PROTOTYPE VELOCITY • Z12 ~/SEC AT ' M 

MEAN 
SAMPLE CONCENTRATION 

POINT PE~CENT 
(MODEL> 

4 12.7 
5 16.2 
6 9.4 
7 24.4 
B 25 .6 
9 9.8 

10 1.1 
11 7.0 
12 7.6 
13 8.P 
14 7.3 
l' 5.8 
16 5.8 
17 5.6 
lB 1.0 
19 • 2 
20 o.o 
Zl O.O 
22 7.6 
23 8.6 
24 6,Q 
25 7.3 
26 e .1 
27 B,2 
28 7.9 
~q 5.5 
30 5.7 
31 4.0 
32 • 7 
33 .o 
34 o.o 
35 5,8 
36 5.1 
37 5.2 
38 5.5 
3Q 4.8 
40 4.5 
41 3.4 
42 1.2 
43 .1 
44 o.o 
45 4.1 

1'4EAN 
CONCENTPATION 

PEPCENT 
( PPOTOTYP E> 
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RUN NUP18EP • 21 CONFfr,URATION • F·DOWN 

DOWNWARD ~ATEP SPPAY 
WIND DIRECTION • 451 SPRAY Nn77LFS PER SIDE • 4+3 
L • SHAPE NOZZLF CONFIGURATI~N 
MODEL FLOW RATE •1815.0 CC/SF.C 
PROTOTYPE FLOW RATE • 90.8 GM/fSEC(l1)(M)) 
MODEL VELOCITY •50.0 CM/SF.C AT 5 C~ 
PROTOTYPE VELOCITY • 5.0 M/SF.C AT ~ ~ 

~EAN 
SAMPLE CONCENTPATION 

POINT PERCENT 
(MODE l) 

4 .2 
5 .2 
6 .1 
7 o2 
8 .2 
q • 2 

10 .1 
11 .1 
12 3.2 
13 3.8 
14 4.0 
15 2.1 
16 10.3 
17 3.6 
18 7.q 
lq l.l 
20 .o 
21 o.o 
22 3.5 
23 3.3 
24 4.5 
25 4.El 
26 .1 
27 .o 
28 .o 
29 4.5 
30 5.3 
31 2.5 
32 •A 
33 .1 
34 o.o 
35 5.7 
36 3.8 
37 4.7 
38 5o0 
39 3.3 
40 3.9 
41 2.3 
42 .B 
43 .2 
44 o.o 
45 3.9 

Mf0·1 

CONCENT~A TION 
PERCFNT 

(PROTOTYPF) 
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RUN NUMBER • 22 C 0 N FI G ll R AT I ON • F -DOWN 

DOWNWARD WATER SPRAY 
WIND DIRECTION • 45, SPRAY NOZZLES PER SIDE • 4+3 
l • SHAPE NOZZLE CONFIGURATtnN 
MODEL FLOW RATE • 1815.0 CC ISF.C 
PROTOTYPE FLOW PATE • 90.8 GMl<SEC'.01)(M)) 
MODEL VELOCITY •80.0 CM/S~C AT 5 CM 
PROTOTYPE VELOCITY • e.o "'SEC AT 5 M 

MEAN 
SAMPLE CONCENTRATION 

POINT PERCENT 
(MODE U 

4 .1 
5 .1 
6 .o 
7 .1 
8 .1 
q .o 

10 .o 
11 o.o 
12 .o 
13 2.1 
14 2.q 
15 2.2 
16 3.6 
17 5.6 
lA .4 
19 3.7 
20 .1 
21 0 .o 
22 3.9 
23 z.q 
24 3.2 
25 1.8 
26 .o 
27 .o 
28 .o 
29 3.4 
30 3.7 
31 2.a 
32 1.7 
33 .4 
34 .o 
35 3.4 
36 3.1 
37 3.2 
38 3.2 
39 2.5 
40 2.5 
41 l.Q 
42 1.0 
43 • 4 
44 .o 
45 2.4 

MEAN 
CnNCENTPATION 

PERCFNT (PROTOTYPE) 
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RUN NU11BER • 23 CONFJr,u1uTJ[1N. G-DOWN 

DOWNWARD WATER SPPAY 
WINO DIRECTION • 151 SPRAY N077LES PER SIDE • 4+3 
L • SHAPE NOZZlf CONfIGUPATf[1N 
f'IODEL FLOW RATF • 1815.0 CC/SEC 
P R 0 T 0 TY P E F L 0 W P ATE • 90 • 8 r, ~ I ( SE (' 01 )( "4 )) 
MODEL VELOCITY •22.0 CM/SFC AT 5 C~ 
PROTOTYPE VELOCITY • 2.2 M/SEC AT ~ M 

MEAN 
SAMPLE CONCENTRATION 

POINT PERCt::NT 
(MOOE U 

4 24.B 
.5 24.8 
6 11.5 
7 16.B 
8 1.q 
9 4.9 

10 4.7 
11 4.3 
12 3.6 
13 1.7 
14 4.0 
15 5.1 
16 10.3 
17 13.2 
18 7.0 
19 2.1 
20 o.o 
21 o.o 
22 15.6 
23 18.9 
24 16.l 
25 13.0 
26 17.9 
27 18.0 
28 15.9 
29 B.6 
30 9.4 
31 3.4 
32 .6 
33 .o 
34 o.o 
35 9.2 
36 7.5 
37 s.1 
38 8.9 
39 1.0 
40 7.3 
41 5.4 
42 • 9 
43 .o 
44 o.o 
45 7.3 

f"EU·1 

Cl'lNCENTPATJON 
PEPCfNT (Pr;iQTOTYPf) 

47.1 
47.1 
26.l 
35.3 
18.9 
1?.. 3 
11.7 
10.e 

Q.2 
4.3 

10.2 
12.7 
23.1 
29.0 
16.P 

5.5 o.o o.o 
3~.2 
38.6 
34.1 
28.8 
37.2 
37.3 
33.8 
20.3 
21.Q a.e 
1. 7 .o o.o 

21. 5 
18.0 
19.2 
21.0 
11. 0 
17.5 
13.4 

2.3 
.1 o.o 

17.5 
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RUN NUMBER • 24 C 0 NF I GU PAT I ON • G-DOWN 

DOWNWARD WATER SPRAY 
WINO DIRECTION • 15, SPRAY NOZZLFS PER SIDE • 4+3 L • SHAPE NOZZLE CONf IGURlT!ON 
frnDEL FLOW RATE • 1815.0 CC /SfC 
PROTOTYPE FLOW PATE • 90.8 G"4/(SECP1)(M)) 
MODEL VELOCITY •50.0 CM/SfC AT 5 CM 
PROTOTYPE VELOCITY • 5.0 ~/SFC AT 5 M 

SAMPLE POINT 

4 
5 
6 
7 
8 q 

10 
11 
12 
13 
l It 
15 
16 
17 
18 1q 
20 
21 
22 
23 
Zit 
25 
26 
27 
28 2Q 
30 
31 
32 
33 
34 
35 
36 
37 
313 
3Q 
40 
41 
42 
43 
44 
45 

MEAN 
CONCENTRATION 

PERCENT 
(MODE l) 

.4 

.4 

.2 

.3 

.2 

.2 

.1 

.1 
3.0 
2.1 
3.1 
€1 • i; 
1.0 
q.3 
3.1 
1.0 .o o.o 
q.6 

13.3 
11.3 5.q 

.2 

.2 

.2 
6.2 
~.a 
3.7 

.Q 

.1 .o 
b.q 
5.6 
5.q 
6.4 
4.8 
5.0 
2.1 

.1 

.1 .o 
4.q 

~EA~1 

C!"lNCENTRA TION 
PF.RC ENT 

(PPOTOTYPf) 
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RUN NUMBER • 25 CONFIC.ltPATHJN • G-DOWN 

DOWNWARD WATER SPRAY 
WIND DIRECTION • 151 SPRAY N~77LFS PER SIOE • 4+3 
L • SHAPE NOZZLE CONFIGURATIO~ 
"110DEL FLOW RATE • 1815.0 CC /SFC PROTOTYPE FLOW RATE • 90.8 r,~/(SEr(M)(M)) 
MODEL VELOCITY •80.0 CM/SEC AT 5 CM 
P~OTOTYPE VELOCITY • e.o ~/SEC AT 5 M 

SAMPLE 
POINT 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 ze 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
41t 
45 

MEAN 
CONCENTRATION 

PERCENT 
(MODE U 

.2 

.2 

.1 

.1 

.1 

.1 

.1 

.1 

.1 
1.5 
2.B 
5.0 
5.1 
4.7 
1.3 
2.1 

.1 o.o 
3.9 
3.2 
3.8 

.2 

.1 

.1 

.1 3.e 
3.6 
2.9 1.e 

.3 o.o 
2.9 
3.4 
3.3 
2.9 
2.9 2.e 
2.1 
1.1 

. 3 .o 
2.4 

MEAN 
CONCF.NTPATTON 

PF.PCFNT 
(PPnT'1TYPE) 
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RUN NUMBER • 26 CONFIGURATION • A-UP 

UPWARD WATER SPRAY 
WIND DIRECTION • o, SPPAY Nn7ZLE$ PER SIDE • 4 
MODEL FLOW RATE • 1815.0 CC/SEC 
PflOTOTYPE FLOW RATE • 90.8 GM/fSEC01)ffll)) 
MODEL VELOCITY •22.0 CM/SEC AT 5 CM 
PROTOTYPE VELOCITY • 2.2 MISEC AT 5 M 

SAMPLE 
POINT 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 lq 
20 
21 
22 
?. 3 
24 
25 
26 
27 
28 
2q 
30 
31 
32 
33 
34 
35 
36 
37 
38 
3Q 
40 
41 
42 
41 
44 
45 

MEAN 
CONCENTRATION PERCENT 

f fli!ODE l) 

MEAN 
CONCENTfU TYON 

PERCENT 
(PROTOTYPE> 



98 

RUN NUl'1AER • 27 CON FI GllR AT J nN • A-UP 

UPWARD WATER SPRAY 
WIND DIRECTION • o, SPRAY NOZZLE~ PFP SIDF • 4 
M 0 D E L F L 0 W RATE • 1815 • 0 Cr: I S F C 
PPDTOTYPE FLOW PATE • 90.8 r."'/fSfr01)(~}) 
MODEL VELOCITY •50.0 CM/SFC AT 5 CM 
PPOTOTYPE VELOCITY • 5.0 M/SFC AT ~ M 

SAMPLE 
POINT 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
~~ 
44 
45 

MEAN 
CONCENTRATION 

PEPCENT 
(MODE ll 

.o .o o.o .o .o .o .o .o 
6.4 
1.6 

10.5 
13.1 
12.2 
14.l 
1.1 

.7 

.1 o.o 
14.2 
1,.2 
11.2 
10.Q 
10.5 .o .o 

9.2 
8.9 
1.6 

.5 

.1 .o a.1 
1.0 
6.2 
7.3 
4.6 
4.3 
1.6 

.6 

.2 .o 
4.5 

"'EAN C!JNCENTPATION 
PF.PC ENT ( PPOTnTYP F) 

.o .o o.o .o .o .o .o .c 
19.Q 
4.l 

24.0 
29.0 
27.3 
30.7 
3.0 
1.9 

.? o.o 
30.B 
32.7 
25.4 
24.8 
24.1 

.1 .o 
21. '5 zo.q 
4.2 
1.2 

.4 .o 
20.4 
16.B 
15.1 
17.5 
11.6 
10.q 

4.3 
1.5 
.~ .o 

11.3 
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RUN NUMBER • 28 CONFIGURATION • A-UP 

UPWARD WATER SPRAY 
WINO DIRECTION • 01 SPRAY NOZZLES PER SIDE • 4 HOD El FLOW RATE • 1815 .o CC/SEC 
PROTOTYPE FLOW RATE • 90. 8 GM I (SEC ( H) ( M) ) 
HODEL VELOCiTY •80.0 CM/SEC AT 5 CM 
PROTOTYPE v LOCITY • e.o M/SEC AT ' H 

P1EAN MEAN 
SAMPLE CONCENTRATION CONCENTRATION POINT PERCENT PERCFNT 

(~ODEU ( Pl10TnTYPE) 

4 .o .o 
5 .o .o 
6 o.o o.o 
7 .o .o 
B .o .o 
9 .o .o 

10 .o .o 
11 .o .o 
12 .o .o 
13 .5 1.3 
14 2.3 '5. q 
15 4.2 10.7 
16 5.4 13.4 
17 5.1 12. fl 
lR 2.3 6.0 
19 2.3 6.0 
20 .3 .e 
Zl o.o o.o zz 5.3 13.1 
23 4.2 10. !i 
24 1.5 3.0 
25 .o • 1 
26 .o .o 
27 .o .o 
28 o.o o.o zq 3.5 Q.O 
30 3.5 A.a 
31 2.8 7. 2. 
32 1.9 4.9 
33 .4 1.2 
34 .o .o 
35 3. '3 a.4 
3 () 3.0 7.6 
37 2.9 7.5 
3A z.e 7.3 
39 2. '3 6.0 
40 2.3 6.1 
41 2.0 5.2 
42 1.3 3.~ 
43 ·' 1.2 
44 .o .1 
45 2.1 5.~ 
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RUN NUMSEP • 29 CONFJr.llRATTrW • A-UP 

UPWARD WATER SPRAY 
WIND DIRECTION • 01 SPRAY ~nZZLES PEP SIDE • 4 
MODEL FLOW RATE • 898.0 rr.1ser. 
PROTOTYPE FLOW PATE • · 44.9 G~/f~E\f~)(M)) 
MODEL VELOCITY •22.0 CM/SFC AT 5 CM 
PROTOTYPE VELOCITY • 2.2 ~/SEC AT ! M 

SAMPLE 
POINT 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
Z9 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
It 5 

~EAN 
CONCENTRATION 

PEPCENT 
< "401'lE U 

"!EAN 
CnNCENTRA TJON 

PERC:FNT 
( PROTOTYP Fl 
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RUN NUMBER • 30 CONFIGURATION • A-UP 

UPWARD WATER SPRAY 
WIND DIRECTION • o, SPRAY NOZZLES PER SIDE • 4 
MODEL FLOW RATE • 3574.0 CC/SEC 
PROTOTYPE FLOW RATE • 178.7 G"'/(SEr.(M)(M)) 
~ODEL VELOCITY •22.0 CM/SEC ~T 5 CM 
PROTOTYPE VELOCITY • 2.2 M/SEC AT 5 M 

MEAN 
SAMPLE CONCENTRATION 

POINT PERCENT 
010DE ll 

4 33.e 
5 26.8 
6 12.2 
1 19.e e ze.0 
q 26.1 

10 13.8 
11 14.8 
12 14.Q 
13 o.o 
14 31.1 
15 40.0 
16 42.3 
17 42.5 
18 2.0 
lQ 1.1 
20 .5 
21 .1 
22 46.B 
23 39.0 
24 31.A 
25 32.1 
26 18.9 
27 19.2 
28 16.2 
29 12.5 
30 11.8 
31 1.8 
32 1.2 
33 .7 
34 .o 
35 11.7 
36 9.6 
37 7.0 
38 P.? 
39 q.o 
40 7.9 
41 5.4 
42 1.2 
4~ • 0 
44 o.o 
45 7.2 

'4EAN 
cnNCENTPATION 

PERCENT 
(PROTOTYPfl 
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RUN NlJ~8ER • 31 CONFTr.IJIHTJf'lN • B-UP 

UPWARD WATER SPPAY 
WIND DIRECTION • o, SPRAY NQ7ZLF.S PFR SIDF • 7 
MODEL FLOW RATE • 1815.0 rr1ser. 
p P. 0 T 0 Ty p E FL 0 w R ATE • 90 • 8 GM ' ( s Er ( M ) ( M ) ) 
MODEL VELOCITY •22.0 C~ISfC AT 5 CM 
PROTOTYPE VELOCITY • 2.2 M/Sf~ AT • M 

SAMPLE 
POINT 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
lB lQ 
20 
21 
22 
23 
24 
25 Zb 
27 
ZA zq 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

MEAN 
CONCENTRATION 

PEPCENT 
(MOOE U 

.3 .o 
• 2 

b.l 
8. i; 

12.4 
6.6 
1.2 
5.Q 
3.1 

17.3 
26.6 
29.2 
21.0 
1.7 
1.6 
1.6 o.o 

31.8 
2Ae8 
24.6 
18.7 
7.b 
1.1 
6.5 q.o e.1 
1.8 
1.2 

.1 o.o e.e 
., • 4 4.e 
5.4 
3 . 0 
3.8 
2.1 

.3 o.o o.o 
4.7 

"'E AN 
~ IJ t-1 C EN T PA T I 0 N 

PF.~CENT 
(PPOTl"'!TYPF) 
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RUN NUMBER • 32 C 0 N F I GU R AT I ON • C-UP 

UPWARD WATER SPRAY 
WIND DIRECTION • 01 SPRAY NOZZLES PER SIDE • 13 
MODEL FLOW RATE • 1815.0 CC /SEC 
PROTOTYPE FLOW RATE • 90.8 GM/(SEC01)(M)) 
MODEL VELOCITY •22.0 CM/SfC AT 5 CM 
PROTOTYPE VELOCITY • z.2 M/SEC AT 5 M 

MEAN 
SAMPLE CONCENTRATION 

POINT PERCENT 
( P"ODE LJ 

4 2.0 
5 l.O 
6 .a 
7 o.o 
8 q.7 
9 7.7 

10 4.5 
11 5.3 
1z e.o 
13 l.~ 
14 13.4 
15 17.3 
16 16.7 
17 16.P 
18 2.4 
19 l.Q 
20 .9 
21 o.o 
l2 21.7 
23 20.e 
24 18.0 
25 15.2 
26 a.a 
?.7 4.9 
28 4.4 
29 5.4 
30 5.0 
31 2.1 
~2 1.0 
33 .1 
34 o.o 
35 5.6 
36 3.9 
37 3.5 
38 3.9 
39 3.5 
40 3.3 
41 2.1 
42 • 8 
43 .1 
44 o.o 
45 3.2 

llltEAN 
CONCENTtATION 

PE~CfNT 
(PPIJTOTYPE> 
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RUN NUM0ER • 33 CONFJr,lJRATJ(lN • C-UP 

UPWARD WATER SPRAY 
WIND DIRECTION • 01 SPRAY NnlZLES PFR SIDE • 13 
MODEL FLOW RATE • 3574.0 CC/SF.C 
PROTOTYPE FLOW RATE • 178.7 GM/CSEC"(M)(r-)) 
MODEL VELOCITY •22.0 CM/SF.C AT 5 C~ 
PROTOTYPE VELOCITY • 2.2 ~/SEC ~T 5 M 

SAMPLE 
POINT 

4 
5 
6 
7 a 
9 

10 
11 
12 
13 
14 
15 
16 
l~ 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
lt3 
44 
't5 

MEAN 
CONCENTRATION 

PERCENT 
(MODE U 

28.0 
23.3 
12.4 
21.4 
24.B 
18.3 
13.1 
13.9 
16.0 
4.2 

30.B 
36.6 
33.B 
33.7 

3.8 
2.9 

.3 .o 
35.Q 
34.B 
30.l 
24.l 
12.7 
12.4 
11 . 3 
10.1 
9.6 
3.2 .e 

.1 .o 
11.0 
12.2 
12.2 
12 . 5 
11.2 
10.9 a.1 
1.9 
:i 

10.1 

MEO' 
CONCENTPAT!ON 

PERCENT ( DIH:iTIJTYP 0 
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RUN NUMBER • 34 CONFJGURATJON • D-UP 

UPWARD WATER SPRAY 
WINO DIRECTION • o, SPRAY NOlZLES PER SIDE • 4+3 
HORSESHOE SHAPE NOZZLE CONFIGURATION 
P10DEL FLOW RATE • 1815.0 CC/SEC 
PROTOTYPE FLOW RATE • 90.8 GM/fSEffH)CH)) 
MODEL VELOCITY •22.0 CM/SEC AT 5 CM 
PROTOTYPE VELOCITY • 2.2 ~/SEC •T 5 M 

SAMPLE 
POINT 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
lA 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 zq 
30 
31 
32 
33 
34 
35 
36 
37 
::\8 
39 
40 
41 
42 
43 
44 
45 

MEAN 
CONCENTRATION 

PERCENT (MOOE L) 

36.3 
32.3 
16.0 
26.4 
28.A 
17.1 
6.7 
7.7 1.e 
1.8 
2.4 2.a 
3.6 
4.8 
.7 
.6 
.3 
.3 

4.4 
5.4 
5.5 
4.2 

11.6 
11.0 e.e 
1.8 l.e 

.Q 

.5 

.1 o.o 
2.3 
2.4 
2.6 
3.2 
2.Q 
2.8 
2.2 
1.1 

• 2 o.o 
2.6 

MEAN 
CONCENTPA TION 

PERCENT 
(PPnTOTYPf) 
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RUN NUMBEP • '3"i CONFif;URATTON • D-UP 

UPWARD WATER SPRAY 
WIND DIRECTION • o, SPRAY Nn7ZlES PFR SIOE • 4+3 
HORSESHOE SHAPE NOZZLE CONFTGURATTON 
MODEL FLOW RATE • 1815.0 CC/SEC 
PROTOTYPE FLOW PATE • 90.8 ~M/fSEt"01)(M)) 
MODEL VELOCITY •50.0 C~/SFC AT 5 CM 
PROTOTYPE VELOCITY • 5.0 M/SFC •T 5 M 

MEAN llllEAN 
SAMPLE CONCENTRATION CrJNCENTPATtON 

POINT PERCENT PERCENT 
(MODE U (PRnT!HYPE) 

4 1.4 3.~ 
'5 1.3 3.4 
6 .7 2.0 
7 1.1 3.0 
8 1.1 3.0 q .0 2.1 

10 .6 1. !i 
11 .6 1.7 
12 .1 l.~ 
13 9.b 22. :-
14 12.7 28.3 
15 14.5 ~n .4 
16 10.0 23.1 
17 15.9 33.9 
18 1.3 3. ;:! 
19 1.5 3 • C) 
20 1.2 3.1 
21 .o .o 
22 20.3 40.7 
23 16.q ~5.4 

~~ l'·3 32. a 
3.6 zq.A 

Zb 2.4 6.3 
27 .4 1.1 
28 . 3 .q 
29 a.a 20.6 
30 7.5 1e.o 
31 1.9 5.1 
32 1.1 2 • C) 
33 .5 1.3 
34 o.o o.o 
35 0.e 20.e 
36 6.9 16.7 37 5.3 13.0 
38 7.1 11.1 
39 4.6 11.5 
40 3.6 9.3 
41 1.9 4. C) 
42 .9 2.4 
43 .3 .q 
44 .o .o 
45 ". 3 10.R 
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RUN NUMBER • 36 CONFIGUPATION • D-UP 

UPWAPD WATER SPRAY 
WIND DIRECTION • 01 SPRAY NOZZLES PER SIDE • 4+3 
HORSESHOE SHAPE NOZZLE CON~IGUR4TION 
"ODEL FLOW RATE • 1815.0 CC/Sf.C 
PROTOTYPE FLOW RATE • 90.8 GM/fSECfM><M>> 
MODEL VELOCITY •80.0 C~/SfC AT 5 CM 
PROTOTYPE VELOCITY • e.o M/SEC AT 5 M 

MEAN MEA~ 
SAMPLE CONCENTRATION CONCENTRATION 

POINT PERCENT PERCENT 
( '40DEU (PROTOTYPE) 

4 o.o o.o 
5 o.o o.o 
6 o.o o.o 
7 o.o o.o a .o • (I 
9 .o .o 

10 .o .o 
11 o.o o.o 
12 ' .o .o 
13 .o • 1 
14 z.o 5.2 
15 4.1 10.4 
16 4.6 11.ti 
17 4.6 11.5 
lB 2.B 7.3 
19 3.1 e.1 
20 1.0 2.7 
Zl o.o o.o 
22 4.4 11.2 
23 3.8 q.,.., 
24 .a 2.3 
25 .o .o 
26 o.o o.o 
27 o.o o.o 
28 o.o o.o 
29 3.4 B •fl! 
30 3.2 A.l 
31 ?.6 6.8 
32 l.q 4.Q 
33 • t> 1.7 
34 o.o o.o 
35 2.e 7.1 
36 z.q 7.4 
37 2.1 7.0 
38 ?.5 6.5 
39 2.3 6.0 
40 2.2 5.P 
41 l.9 4. ('J 

42 1.3 3.4 
43 • 5 1.? 
44 .o ·" 45 2.0 5.2 
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FWN NU"1BER • 37 CONF!GURATTnN • E-UP 

UPWARD WATER SPRAY 
WINO DIRECTION • 15, SPRAY NOZ?lfS PFP SIOE • 4+3 HORSESHOE SHAPE NOZZLE COM~J~UOATtON 
MODEL FLOW RATE • 1815.0 CC /SFC 
P R 0 T 0 TY P E F L 0 W P AT E • 90 • 8 G"' If S E r 00 00 ) 
MODEL VELOCITY •22.0 Cf'l/SF.C AT 5 t"' 
PROTOTYPE VELOCITY • 2.2 M/SFC •T ' M 

MEAN 
SAMPLE CONCENTRATION 

POINT PEPCENT 
(MODE U 

4 27.5 
5 24.4 
b 12.2 
7 18.l e 21 .5 
q 22.0 

10 q.z 
11 11.3 
12 o.o 
13 5.7 
14 q.7 
15 13.0 
16 lb.8 
17 20.1 
18 1.5 
19 o.o 
20 1.0 
21 • 8 
22 25.0 
23 23.6 
24 11.2 
25 6.1 
26 9.4 
27 9.6 
28 e.1 
29 4.0 
30 4.2 
31 1.3 
32 .9 
33 • 3 
34 o.o 
35 3.8 
36 z.4 
37 2.4 
38 z.4 
39 2.0 
40 1.7 
41 1.2 
42 .4 
43 .o 
44 • 0 
45 2.1 

f'IEAN 
CONCfNH'A TYON 

P EPC ENT 
f PPOTOTYPF) 
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RUN NUMBER • 38 CON FI GUR AT ION • E-UP 

UPWARD WATER SPRAY 
WINO DIRECTION • 151 SP~AY NOZ7LfS PER SIDE • 4+3 
HORSESHOE SHAPE NOZZLE CON~IGURATIO~ 
MODEL FLOW RATE • 1815.0 CC/S1:C 
PROTOTYPE FLOW RATE • 90.B .GM/fSErcP1l01)) 
MODEL VELOCITY •50.0 CM/SEC AT 5 CM 
PROTOTYPE VELOCITY • 5.0 ~/SEC AT 5 M 

SAMPLE 
POINT 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 lQ 
20 
21 
22 
23 
24 
?. 5 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
3q 
40 
41 
42 
43 
44 
45 

"1EAN 
CONCENTRATION 

PERCENT 
(MODEL> 

.3 

.3 

.2 

.2 

.2 
1.7 

.1 

.2 
7.3 
8.3 e.4 
8. fl 
9.9 

10.7 
1.4 
1.2 

.6 o.o 
13.3 
10.b 
6.3 
6.6 

.1 

.1 

.1 b.l 
6.0 
2.3 
l.O 

.4 .o 
7.5 
4.9 
4.8 
6.2 
3.6 
3.5 
2.0 

• fl 
.3 .o 

4.2 

MEAtJ 
CONCENTPATION 

PEP.CENT 
(PPOTOTYPF) 
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RUN NUMBER • 3Q CONFTGUR~TT'1N • E-UP 

UPWARD WATER SPRAY 
WINO DIRECTION • 151 SPRAY NQ1ZLES PER SIDE • 4+3 
HORSESHOE SHAPE NOZZLE CONFIGURATtnN 
f"ODEL FLOW RATE • 1815.0 CC/SJ:C 
PR 0 T 0 TY P E ~ L 0 W R ATE • 90. 8 GM I f SE r ( M ) ( H ) ) 
MODEL VELOCITY •BO.O CM/SEC AT 5 c~ 
PQOTOTYPE VELOCITY • e.o ~/SfC ~T ' ,.. 

,,-EAN 
SAMPLE CONCENTRATION 

POINT PERCENT 
(~ODE U 

4 o.o 
5 o.o 
6 .o 
7 .o 
8 o.o 
9 .o 

10 .o 
11 o.o 
12 .o 
13 .1 
14 3.0 
15 3.8 
16 4.6 
17 4.0 
18 3.4 
lq 2.6 
20 .1 
21 o.o 
22 3.5 
?.3 2.1 
24 4.0 
25 .o 
26 .o 
27 .o 
ZB .O zq 3.1 
30 3.1 
31 2.6 
32 1.9 
33 .6 
34 o.o 
35 2.6 
36 2.6 
37 z.1 
3B z.5 
3Q z.1 
40 z.1 
41 l.B 
42 1.3 
43 • 5 
44 .o 
45 1.q 

MEAN 
cnNCENTRATIDN 

PFrlCENT 
(P~OTnTYPF) 

o.o o.o .o .o o.o .o .o o.o .o 
• 4 

7.6 
9.7 

11. !i 
10.1 

A• f, 6.e 
.3 o.o 

Q.O 
f>.Q 

10.2 
• 1 .o 
.o .o e.o e.o 

6.6 
4.q 
1.7 o.o 
6.7 
6.8 
6.Q 
6.4 

'·" 5.6 
4.7 
3.3 
1.3 .o 
5.1 
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RUN NUMBER • 40 CONFIGUPATION • F-UP 

UPWARD WATER SPRAY 
WINO DIRECTION • 451 SPRAY NOZZLFS PFR SIDE • 4+3 
L • SHAPE NOZZLE CONFIGURATION 
MODEL FLOW RATE • 1815.0 CC/SEC 
PROTOTYPE FLOW RATE • 90.8 GM/(SEC(H)(f")) 
HODEL VELOCITY •22.0 CM/SEC AT 5 CM 
PROTOTYPE VELOCITY • · 2.2 M/SEC AT 5 H 

SAMPLE 
POINT 

4 
5 
6 
7 
8 q 

10 
11 
12 
13 
14 
15 
16 
17 
18 lQ 
20 
Zl 
22 
23 
~~ 
26 
?.7 ZB zq 
30 
31 
3? 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

MEAN 
CONCENTRATION 

PERCENT 
( "10DE U 

5.0 
5.1 
4.2 

10.8 
16.2 
21.4 q.e 
12.Q 
15.4 
lB.2 
20.6 
20.a 
17.3 
13.3 
1.7 

.1 

.5 

.1 
18.2 
1'~. 5 
1q.q 
lQ.l 
16.l 
13.8 
10.3 

5.3 
5.1 
2.1 

.q 

.6 .o 
5.4 
4.3 
4.1 
4.5 
4.0 
3.4 
2.1 

.4 .o o.o 
3.4 

MEAN 
CONCENTRATION 

PERCENT 
( PPOTOTYPE) 



112 

RUN NUMBER • 41 CONFJGllRATJON • F-UP 

UPWARD WATER SPRAY 
WIND DIRECTION • 45, SPRAY NOZZLES PER SIDE • 4+3 
l • SHAPE NOZZLE CONFIGURATION 
MODEL FLOW RATE • 1815.0 CC /SFC PROTOTYPE FLOW PATE• 90.8 GMl<SErOl)Cf'I)) 
HODEL VELOCITY •50,0 CM/SF.C AT 5 C~ 
PROTOTYPE VELOCITY • 5.0 ~/SEC AT ' M 

SAMPLE 
POINT 

4 
5 
6 
7 
8 q 

lY 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 
~~ 
33 
34 
35 
36 
37 
36 3q 
40 
41 
ii 
44 
45 

MEAN 
CONCENTRATION 

PERCENT 
(f400EL> 

e.1 e.4 
5,4 
6.5 
9.0 

10.0 
5.0 
6.8 Q,O 
B.3 

10.2 
10.9 e.e 

7,9 
1.6 
1.1 

.6 .o 
10.1 

q,4 
9.2 e.4 
6.8 
5.0 
3.9 
3,4 
3.1 l:J 

.3 o.o 
3,3 
2.6 
2.4 
2.1 
2.3 
1.9 
1.0 
:i .o 

1.1 

MEHi 
CONCFNT~A TYON 

PFRCFNT 
( P ROTOTYP F) 
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RUN NU"1RER • 42 CON FI GUR AT ION • F-UP 

UPWAPD WATER SPPAY 
WIND DIRECTION • 451 SPRAY NOZZLES PER SIDE • 4+3 
L • SHAPE NOZZLE CONFIGURATION 
'100EL FLOW RATE • 1815.0 CC/Sf.C 
PROTOTYPE FLOW RATE • 90.8 GP41(SEC01)(f1)) 
MODEL VELOCITY •BO.O CM/SEC AT 5 CM 
PROTOTYPE VELOCITY • e.o M/SEC AT 5 M 

SAMPLE 
POINT 

4 
5 
b 
7 
8 
Q 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2b 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
'3 7 
38 
39 
40 
41 
42 
43 
44 
45 

MEAN 
CONCENTRATION 

PERCENT 
(MODEL> 

.o .o o.o .o .o o.o .o .o 

.1 1.e 
2.1 
2.3 
3.1 
4.4 
3.0 
3.4 
A:8 
2.1 
2.6 
2.5 

.6 .o .o .o 
2.8 2,q 
2.4 
l.Q .a o.o 
2.1 
2.5 
2.3 
2.0 
2.1 
1.9 
1.5 
1.1 

,4 o.o 
1.6 

MEAN 
CONCENTRATION 

PERCENT 
(PPOTOTYPE) 
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RUN NUMBER • 43 CON FI GUR AT JON • G-UP 

UPWARD WATER SPRAY 
WIND DIRECTION • 15, SPRAY N~Z1LFS PFR SIDE • 4+3 
l • SHAPE NOZZLE CONFIGUPAT!ON 
MODEL FLOW RATE • 1815.0 CC /SFC 
PROTOTYPE FLOW RATE • 90.8 G"1/f~EC(M)(M)) 
MODEL VELOCITY •22.0 CM/SEC AT 5 C~ 
PROTOTYPE VELOCITY • 2.2 M/SFC AT ~ M 

SAMPLE 
POINT 

4 
5 
6 
7 
8 q 

10 
11 
12 
13 
14 
15 
16 
17 
lB 
lQ 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
ii 
33 
34 
35 
36 
37 
38 3q 
40 
41 
42 
43 
44 
45 

fl'lEAN 
CONCENTRATION 

PERCENT 
(MOOE L) 

9.7 
6.3 
2.1 
~.A 
8.7 

10.7 
5.2 
5.7 
4.q 2.e 
b.8 

15.7 
21.1 
21.q 

.q 
1.0 
1.0 
1.1 o.o 

27.4 
29.6 
28.4 
19.0 
15.1 
12.2 

5,2 
5.1 
1.5 
1.1 

.Q .o 
4.6 
2.9 2.e 
3.6 
3.3 
4.2 
1.4 

o4 .o o.o 
4,8 

"EAt-1 
CONCENTRATION 

PERCFNT ( PPOTOTYPF) 
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RUN NUH9ER • 'tit CONFIGURATION • G-UP 

UPWARD WATER SPPAY 
WINO DIRECTION • 151 SPRAY NOZZLES PE~ SIDE • lt+3 L • SHAPE NOZZLE CONFIGUPATION 
fllODEL FLOW RATE • 1815.0 CC/SEC 
PROTOTYPE FLOW R.ATE • 90.8 GMl(SECOOU1)) 
MODEL VELOCITY •50.0 C~/SEC AT 5 C~ 
PROTOTYPE VELOCITY • 5.0 M/SEC AT ' M 

SAMPLE 
POINT 

It 
5 
6 
7 
8 
9 

10 
11 
12 
l~ 
14 
15 
16 
17 
18 lQ 
20 
Zl 
2Z 
23 
Z4 
25 
26 
27 
28 2q 
30 
31 
32 
33 
34 
35 
36 
37 
38 
3q 
40 
41 
42 
43 
44 
45 

MEAN 
CONCENTRATION PERCENT 

(MOOE U 

.1 

.1 .o .o 

.1 

.5 .o .o 
5.5 
6.3 
7.6 
~.7 

10.1 
10.6 
1.0 
1.0 

.6 o.o o.o 
11.7 
10.0 

B.1 .o .o .o 
6.8 
6.2 
1.9 

.q 

.4 .o 
7.4 
5.6 
5.0 
6.0 
4.2 
4.1 z.o .s 
.~ 

3:g 

MF.AN 
CFJNCENTPATION 

PEPCfNT 
(PPOTOTYPE> 
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RUN NUMBER • 45 CONFIGllPATYnN • G-UP 

UPWARD WATER SPRAY 
WIND DIRECTION • 151 SPRAY NOZZLFS PFR SIOF • 4+3 
l • SHAPE NOZZLE CONFIGUPATION 
ri'OOEL FLOW RATE• 1815.0 CC/SFC' 
PROTOTYPE FLOW RATE • 90.8 GM/(Sfr(M)(M)) 
MODEL VELOCITY •BO.O CM/SEC AT 5 C~ 
PROTOTYPE VELOCITY • 8.0 M/SFC iT 5 M 

SAMPLE 
POI~T 

4 
5 
6 
7 
8 q 

10 
11 
12 
13 
14 
15 
16 
17 
16 
lQ 
20 
Zl 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

P"EAN 
CONCENTRATION 

PERCENT 
C ll'IODE U 

o.o 
.3 
.1 .z 
.2 
.3 
.1 
.2 
.2 

1.0 
3.9 
4.4 
4.Q 

1.3 
2.1 

.5 .o 
2.8 
2.9 
3.8 

.5 

.3 o.o .z 
3.2 
2.8 
2.3 
1.6 

.6 .o 
1.9 
2.1 
2. ti 
1.9 z.z 
2.1 
1.6 
1.1 

. 5 .o 
1.6 

MEA"· 
cnNCENT~A TION 

PEPC'FNT 
( PP!JTOTYPF) 

o.o 
.7 
.4 
.6 . ,., 
.7 
.3 
.4 
.5 

2.t-
q.q 

11. 2 
12.3 -
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RUN NUMBER • 46 CON FI GURATJON • B-UP/DOWN 

STAGGERED WATER SPRAY FROM BOTH UP AND DOWN NOZZLES 
WIND DIRECTION • 01 SPRAY N077LES PER SIDE • 7 
MODEL FLOW RATE • 1815.0 CC/SEC 
PROTOTYPE FLOW RATE • 90.8 GM/(SECOUU1)) 
MODEL VELOCITY •22.0 CM/SEC AT 5 C~ 
PROTOTYPE VELOCITY • 2.2 M/SEC AT 5 M 

MEAN MEAN 
SAMPLE CONCENTRATION CONCENTRATION POINT PERCENT PERCENT 

(MOOE L> ( PP!JTIJTYPE> 

4 8.5 ?0.1 
5 6.6 16.l 
6 1.7 4., 
7 4.4 11.2 
8 11.6 26.1 
9 3.0 7.6 

10 3.4 f!.B 
11 2.6 6.7 
12 2.6 6. f! 
13 .a 2.0 
14 4.1 10.4 
15 5.1 12.7 
16 6.6 16.1 
17 6.1 15.0 
18 3.2 e.2 
19 3.5 q.o 
20 2.9 7.5 
21 .o .o 
22 6.4 15.6 
23 6.0 14.B 
24 4.B 12.1 
25 3.3 e.3 
26 2.1 5.4 
27 2.1 5. ti 
28 2.3 5.q 
29 4.0 10.1 
30 3.q q.e 
31 2.1 6 • () 
32 1.0 ~.6 
33 .o .o 
34 .o .o 
35 3.6 (). l 
36 3.6 q.1 
37 3.5 e.e 
38 3.4 R.~ 
39 3.1 7.9 
40 2.a 7.3 
41 2.5 6. f-
42 1.4 3.8 
43 .3 . ~ 
44 o.o o.o 
45 2.1 1.0 
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RUN NUMBER • 47 CON FI GlHa T rnN • -

NO WATER so1u Y 
MODEL FLOW RATE • 1815.0 CC/SEC PROTOTYPE FLOW RATE • 90.8 GM/(SErfM)(M)) 
~ODEL VELOCITY •22.0 CM/SEr. jT 5 CM 
PROTOTYPE VELOCITY • 2.2 ~ISFC AT ~ M 

SAMPLE 
POINT 

4 
5 
6 
1 e 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
31t 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

MEAN 
CONCENTRATION 

PERCENT 
(MODEL> 

o.o o.o o.o o.o o.o o.o o.o o.o .o 
1.1 
3.4 
9.0 

10.1 
11.7 
4.6 
9.0 
4.Q 

.2 
12.2 e.1 
1.2 .o .o o.o o.o 
e.1 
B.9 
8.2 
7.5 
4.4 .e 
R.l 
6.6 
7.5 
6.9 
4.4 
4.7 
4.0 
3.7 
2.9 

.9 
3 . 9 

~~AN 
r.nNrENTPA TYON 

PEPCENT 
( PROTOTYPF.) 

o.o o.o o.o o.o o.o o.o o.o o.o .o z.9 e. to 
21.0 
23.3 
~6.4 
11.6 
21.0 
12.2 

.7 
27.3 
20.4 
3.2 

• l .o o.o o.o 
19.2 
20.9 
19.4 
17.9 
11.0 

2.1 
lQ.3 
16.0 
17.9 
16.7 
11.2 
11.e 
10.2 
9.~ 
7.4 
2.4 q.e 
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RUN NUMBER • 48 CONFIGURATION • 8-DOWN 

DOWNWARD WATER SPRAY 
WINO DIRECTION • o, SPRAY NOZZLES PE~ SIDE • 7 MODEL FLOW RATE • 1815.0 r.c /SEC 
PR 0 T 0 TY PE F L 0 W R ATE • 90. 8 GM I ( ~ E C ( M )( M )) 
MODEL VELOCITY •ZZ.O CM/SEC AT 5 .M 
PROTOTYPE VELOCITY • 2.2 M/SEC AT 5 M 

MEAN HEAN 
SAMPLE CONCENTRATION CONCENTRATION 

POINT PERCENT PF.RCeNT 
(MODE l) ( PPOTOTYP EJ 

4 .o .o 
5 .o .o 
6 .o .o 
7 .o .o a .o .o q .o .o 

10 .o .o 
11 .o .o 
12 .3 .7 
13 .6 1.6 
14 1.9 4.0 
15 2.e 7.2 
16 o.o o.o 
17 7.4 17.7 
18 3.6 Q.1 
lQ 7.3 1 7 • ,, 
20 6.5 l'i.7 
21 1.9 4.0 
22 5.6 13.~ 
23 1.5 3.~ 
24 .7 i.q 
25 .4 1.1 
26 .o .o 
27 .o .o 
28 .o .o zq 5.3 13.2 
30 5.0 12.5 
31 4.Q 12.3 
32 4.6 11.6 
'3 3 4.0 10.2 
34 o.o o.o 
35 3.4 A.6 
36 4.4 11.l 
37 4.1 10.4 
38 3.2 A.2 
39 3.3 B.4 
40 -41 2.7 1.1 
42 2.5 b.6 
43 ?. • 3 f.-.1 
44 1.1 2.0 
45 2.3 5.0 
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RUN NUMIJER • 4q CON~It;llRATJ(1N • -

NO WATER SPRAY, NO DIKE 
f"IOOEL FLOW PATE• 1815.0 Cf./SEC 
PROTOTYPE FLOW PATE• 90.8 G"'/(SEC:ffll)(pil)) 
MQDEL VELOCITY •22.0 CM/SFC AT 5 Cf"I 
PROTOTYPE VELOCITY • 2.2 ~/SEC AT ~ ~ 

f"EAN 
SAMPLE CONCENTRATION 

POINT PE~Cl'::NT 
("10DEL> 

4 o.o 
5 o.o 
6 o.o 
7 o.o 
8 o.o 
q o.o 

10 o.o 
11 o.o 
12 .o 
13 .Q 
14 1.6 
15 8.7 
16 12.4 
17 14.l 
18 4.1 
lq 7.3 
20 2.7 
21 .1 
22 16.6 
23 e.e 
24 1.2 
25 .o 
26 .o 
27 .o 
28 o.o 
2q 6.3 
30 7.2 
31 6.5 
32 5.e 
33 4.1 
34 o.o 
35 6.8 
36 4.4 
37 5.4 
38 4.8 
3q 2.5 
40 3.0 
41 2.e 
42 z.e 
43 2.7 
44 2.0 
45 2.2 

MEA~ 
CIJNCF.NTC>ATION 

PEQr.FNT 
(PP !JTOTYP Fl 

o.o o.o o.o o.o o.o o.o o.o o.o .o 
2. ') 
4.2 

20.5 
27.7 
30.7 
10.3 
17.5 
1.0 

.2 
34.Q 
20.7 
3.1 .o .o .o o.o 

1'5.4 
17.4 
15.7 
14.3 
10.3 o.o 
16.4 
11.1 
13.4 
11.CJ 
6.!i 
7.7 
7.3 
1.1 
6.q 
5.3 
5.6 
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RUN NUMBER • 50 CONFIGURATION • -

NO WATER SPRAY1 NO DIKE 
MODEL FLOW RATE • 1815.0 CC/SEC 
PROTOTYPE FLOW RATE• 90.8 GH/fSEC(H)(H)) 
MODEL VELOCITY •22.0 CM/SEC AT 5 CH 
PROTOTYPE VELOCITY • z.z "ISEC AT 5 M 

SAMPLE 
POINT 

4 
5 
6 
7 
8 q 

10 
11 
12 
13 
14 
15 
16 
17 
18 1q 
20 
21 
22 
23 
24 
25 
26 
27 
2. B 
2q 
30 
31 
32 
33 
34 
35 
36 
37 
38 
3q 
40 
41 
42 
43 
44 
45 

MEAN 
CONCENTRATION 

PERCENT 
Cf'llODEL> 

18.3 
B.6 o.o o.o 

25.2 
25.1 
11.1 
14.q 
17.7 
4.7 

32.~ 
3~.6 
40.l 
3q.7 

4.1 
3.0 
1.3 o.o 

40.q 
'37.Q 
32.3 
28.7 
18.7 
16.Q 
12.4 
11.e 
17.5 
6.7 
1.5 
1.0 

.2 
17.7 
14.6 
14.4 
14.6 
10.A 
10.b 
7.8 
1.6 

.q 

.6 
10.2 

MEAN r. m.irENTO.ATION 
PEIH~ENT 

(PROTOTYPE) 
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RJN NUMBf:R • 51 C 0 NF I GURA T ION • 8-DOWN 

OUWNwARO ..iATE~ SPRAY 
WIND DIRECTIO~ = o, SPRAY NUZZLES Pf:R SIDE s 7 
MD DE L F L 0 ..i R ATE • 1815 • 0 CC I SE C 
P ~ 0 T 0 T Y P E F L 0 ..i t< A T E ,. 90 • 8 G M I ( S EC ( M ) ( "1 ) ) 
MODEL VELJCITY =22.0 CM/SEC AT ' CM 
P~OTOTYPE VELOCITY • 2.2 M/SEC AT 5 M 

ME AN 
SAMPLE CONCENTKAT18N 

PUINT t>ERCE '~T 
(MODEL I 

4 5. 3 
5 3. 3 
6 3. 0 
7 4.6 
8 9. 4 
q 8. 4 

10 7.~ 
lJ. 7.6 
12 7. 6 
13 6.5 
14 8.8 
15 c.;. 3 
16 8.8 
17 10.9 
18 5. 2 
19 3.2 
20 • 2 
21 o.o 
2 2 • t3 
23 6.5 
24 5.6 
25 3.5 
26 3. 7 
2 7 3. 6 
28 3. 7 
29 6. 4 
30 6.5 
31 3.3 
32 .0 
33 .1 
34 o.o 
3 5 6. 7 
36 6.4 
37 5.8 
38 6.5 
39 , • 9 
40 5.8 
41 4.6 
42 1.9 
43 .2 
44 0. 0 
45 b .1 

MEAN 
CONCENTRATION 

PtRCt~T 
CPROTJTYPEI 

13. 1 a.5 
1.1 

11.5 
2 2. fj 
19.9 
17.9 
18.2 
13.8 
15.9 
2 0. (j 
21.a 
20.1 
24.9 
12.9 

8.2 
• 6 o.o 

2.2 
15.9 
13.8 
8.9 
9.3 
9.3 
9.4 

l. 5. 7 
15.7 

8.4 
2.1 

• 3 o.o 
16.3 
15.6 
14.3 
15.9 
14.5 
14.3 
11.5 

5.0 
.6 o.o 

14.9 
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RUN NUMBER • 52 CONFIGURATION• B-DOWN 

DOWNWARD wATER SPRAY 
~INO DIRECTION • o, SPRAY NOZZLES PER SlDE • 7 
MODEL FLOW RATE• 1815.0 CC/SEC 
PR 0 T 0 TY P E FL 0 W R ATE "' 90. 8 GM I ( S EC ( M ) ( M ) ) 
MODEL VELOCITY •22.0 CM/SEC AT 5 CM 
PROTOTYPE VELOCITY • 2.2 MISEC AT 5 M 

HEAt-. 
SAMPLE CONCENTRATION 

POINT PERCENT 
(MODEL) 

4 2 .3 
5 2.4 
6 2.6 
1 3.0 a 2.e 
9 3.3 

10 3.0 
11 3.4 
12 3.2 
13 3.5 
14 3.8 
15 4.1 
16 5.0 
17 5.4 
18 4.6 
19 4.2 
20 1.3 
21 o.o 
22 4.7 
2 3 4. 7 
24 3.9 
2 5 1 • 5 
26 1.4 
27 1.5 
28 1.8 
29 4.5 
30 4.5 
31 3.tl 
32 1.1 
33 .o 
34 o.o 
35 4.3 
36 4.3 
37 4.1 
38 4.4 
39 3.8 
40 3.7 
41 3.4 
42 2.1 
43 .9 
44 o.o 
45 3.9 

MEAN 
CONCENTRATION 

PERCENT 
(PROTOTYPE) 

5.9 
6.3 
6.8 
7.8 
1.1 
B.5 
7.8 
B.B 
B.2 
9.0 
9.7 

10.3 
12.6 
13.4 
11.b 
l0a7 

3.3 o.o 
11.7 
11.7 

9.9 
3.9 
3.6 
3.8 
4. i3 

11.2 
11.4 

9.5 
2.8 

.1 o.o 
iu.7 
10.9 
10.5 
11.0 9.o 

9.5 
8.6 
5. 5 
2.5 o.o 
9.Y 
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RUN NUMBE~ • 54 CuNFIGURATION • B-UP 

U?~ARD WATER ~~RAY 
wINO OlKECTION a Q, SPRAY NOZZLES PER SIDE • 1 
M 0 D E L F L 0 i4 R A T E " 1815 • 0 C C I S E C 
PR 0 T 0 T Y P E F L 0 \ii R A T E = 90 • 8 G M I ( S E C ( M ) ( M I ) 
MJ~EL VEL~CITY •22.C CM/SEC AT 5 CM 
P~LITOTYPE VELOCITY = 2.2 M/~EC AT 5 M 

I~ E AN 
SAMPLE CONCENTRATION 

POINT PERCENT 
(MODEL> 

4 6. 8 
5 6.b 
6 4.5 
7 8. 9 
8 12.3 
q 12.6 

10 b.3 
11 8.5 
12 10.1 
13 11.5 
14 17.9 
15 21.8 
lb 23.0 
17 z2.c 
18 • 8 
19 .3 
20 .2 
21 .5 
22 17.l 
23 16.6 
24 12.9 
2~ 9.0 
26 6.4 
27 5.3 
28 4.2 
29 a.q 
30 8.4 
31 2.5 
32 .l 
33 o.o 
34 o.o 
35 9.2 
36 7.4 
37 7.0 
38 7.4 
39 5.6 
40 5.7 
41 3.5 
42 .3 
43 o.o 
44 o.o 
45 5.9 

f'1E AN 
CONCENTRATION 

PEt<CENT 
(i>KOTOTYPE) 

lb. b 
lb.l 
11.3 
20.6 
27.5 zs.o 
15.4 
20.0 
23.2 
26.l 
37.l 
42.9 
44.b 
43 .3 

2.2 
• 7 
• 7 

l. 3 
35.8 
35.0 
2~.b 
21.0 
15.5 
13.l 
10.6 
20.9 
19.9 

6.5 
• 3 o.o o.o 

21.5 
1708 
16.B 
17.7 
13.8 
13.9 

9.0 . ~ o.o o.o 
l4o4 
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RUN NUMBER • 59 CONFIGURATION • A-DOWN 

DOWNWARD ~ATER SPRAY , D - NOZZLES 
WIND DIRECTION • o, SPRAY NOZZLES PER SIDE • 4 
MODEL FLOW RATE • 6217.0 CC/SEC 
PROTOTYPE FLOW RATE• 69.1 GH/(SEC(H)(M)) 
MJDEL VELQCITY •22.0 CM/SEC AT 5 CM 
PROTOTYPE VELOCITY • .5 M/SEC AT 0.25 M 

MEAN 
SAMPLE CONCENTRATION 

POINT PERCENT 
(MODEL> 

4 4.5 
5 4.4 
6 3. 4 
7 3. 9 
8 7.8 
9 6.8 

10 4. 2 
11 4.2 
12 2.1 
13 3.2 
14 3.9 
15 6.2 
16 6.9 
17 7.3 
18 1.1 
19 .7 
20 .2 
21 o.o 
22 9.3 
2 3 8. 4 
24 6.2 
25 4.8 
26 4.4 
27 5.6 
28 6.l 
29 5.9 
30 5.9 
31 3.1 
32 l.8 
33 .1 
34 .o 
35 ?.2 
36 4. 8 
3 7 4. 8 
38 4.7 
39 5.2 
40 ?.O 
41 1.9 
42 .7 
43 .1 
44 .o 
45 3.3 

MEAN 
CONCENTRATION 

PERCENT 
<PROTOTYPE) 

ll.3 
ll.O 

B.6 
10.0 
18.7 
16.4 
10.6 
10.7 

1.0 a.1 
9.8 

15.1 
16.o 
17.5 
2.9 1.s 

• 5 o.o 
21.6 
20.0 
15.2 
11. 9 
11.0 
13.9 
14.9 
14.5 
14.5 

8.0 4.a 
• 4 
.~ 

12.9 
12.0 
12.0 
11.8 
13.0 
12.5 
4.9 
1.9 

• 3 .o 
8.4 
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R J N N U MB E ~ • ~ ') CUNFIGURATION •A-DOWN 

OJw r·HtA~O ..IATt:R SPRAY , E: - NOZZLES 
~I~D DIRECTIOi • c, SPKAY NQZlLES P~R SIDE • 4 
MODEL FLOW RATE .. 6217.0 CC/SE~ 
P~OTOTYPE FLOn' i<ATt = 69.l GMl(SEC(M)(M)) 
MJ~EL VELJCIT'f •22.) CMISEC AT 5 CM 
P~OTOTYPE VELOCITY • .; MISEC AT 0.25 M 

MEAN 
SAMPLE CONCENT~ATIO~ 

POINT PERCENT 
( "llJDEL I 

4 4.9 
5 2.9 
6 2. 5 
7 2. 7 
8 4.l 
9 6.2 

10 4.9 
11 4.2 
12 3.8 
13 4.G 
14 8. 5 
15 9.4 
l 6 7 • IJ 
17 9.8 
18 6.9 
19 7.2 
20 .2 
21 0. 0 
22 e.2 
23 5.4 
24 • 8 
25 3.7 
26 3.4 
27 4.5 
2A 5.2 
. ) 8. 7 
.iu 8.9 
31 6. 0 
32 l.4 
33 o.o 
34 o.o 
35 8.2 
36 8.1 
3 7 7. 6 
38 a.a 
39 7.4 
40 7.0 
41 5.4 
42 2.6 
43 1.6 
44 .1 
45 b.2 

MEAN 
CONCENTRATION 

PERCENT 
<t>i<.OTOfYPEI 

12.2 
7.5 
6.4 
6.1 

10.3 
15. 1 
12.1 
10.7 

·~. 6 10.2 
20.2 
2L.8 
17.0 
22.7 
16.7 
17.3 

.6 o.o 
19.5 
13.3 

2.2 
9.5 
8.7 

11.3 
12.8 
20. '· 20. ! 
14./ 

3. !i o.o o.o 
19.5 
19.3 
18.2 
19.0 
17.7 
16.9 
13.5 

6.8 
4.Z 
.3 

15.2 
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RUN NUMBE~ • bl CONFIGURATION • -

NJ WATER SPRAY 
MODEL FLOW RATE • 6217.0 CC/SEC 
PROTOTYPE FLOW RATE • 69.1 GM/(SEC(M)(M)) 
MODEL VELOCITY a22.0 CM/SEC AT 5 CM 
PROTOfYPE VELOCITY • .5 H/SEC AT 0.25 M 

MEAN 
SAMPLE CONCENTRATION 

POINT PERCENT 
(MODEL> 

4 28.4 
5 28.3 
b 14.8 
7 30 .o 
8 40.8 
q 4.4 

10 19.5 
11 19.9 
12 19.2 
13 21.7 
14 32.9 
15 38.b 
16 42.l 
l 7 40. 7 
18 2. 8 
19 .3 
20 .o 
21 o.o 
22 54.7 
23 42.4 
24 4. 0 
25 37.8 
26 28.0 
27 28.6 
28 23.5 
29 28.l 
30 27 .1 
31 9. 2 
32 .7 
3 3 0. 0 
34 .o 
35 24.0 
36 20.3 
37 19.0 
38 19.4 
39 13.t 
40 12.6 
41 6.3 
42 .8 
43 .1 
44 .o 
45 11.0 

HEAN 
CONCENTRATION 

PERCENT 
(PROTOTYPE> 

51.8 
51.b 
32.0 
53.7 
65.1 
11.0 
39.b 
40.2 
39 .l 
42.B 
57.0 
63.0 
bb.3 
65.0 

7.3 
.1 .o o.o 

7616 
6615 
1011 
62 ol 
5112 
5212 
4514 
5113 
5012 
21.5 
119 
010 .o 

46.0 
40.7 
38.8 
3~.4 
29.8 
28.0 
15.5 

2.0 
.2 
• l 

25.0 
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RUN NUMBER CONF'IGURATION: -

l'IOCiEL FLO!il RF1TE= 1000.0.•CC/S 
l'IODEL YELOCITY~ 30 0 CN/S 
LENGTH SCALE=lOO.O 

11£ AN f'IEfHI 
SAMPLE CONCEHTRAT I OH CONCENTRl=;T IOM 

POI MT PERCENT PERCE MT 
(l'JOtiEL:• <PROTOTYPE;. 

4 . 00 0''• 
6 .00 . 0¢ 
7 . ¢C• . (•Q 
e . (•C• . 0¢ 
9 12 . 3,. 2 5 . 65 

1 () . OC:• . C:•O 
11 . (• j' . 1 b 
12 10 . 52 22.44 
13 13 . 26 27 . 33 
14 16. 91 33 . 35 
15 2 1.) • €.1 3 B. ~17 
16 22. oe 41.07 
17 21 . BC• 4 <) . 67 
te 1 . 21 2 . 93 
19 . 1b . 4(l 
20 . ¢<:• • <) (f 
21 . (le'.• . (•Q 
23 20. 17 3S.33 
24 1-4 . 9(• 3(1 . 11 
25 11 . et. 24.87 
26 6.37 14.34 
27 . ¢0 . 0(: 
28 . OC• . oo 
2' '. 34 2Ci.22 
30 9.63 2 0 . 77 
31 1 . 4 SI 3. f..<) 
32 . 11 . 28 
33 . 06 . 14 
34 . (I Ct . (l(I 
35 10.43 ~ 2 . 26 
36 7 . eo 1 7 . 23 
37 7 . 75 1 7 . 12 
38 S . 28 1 B . 1 i' 
3CJ s. eo 1 3 . 15 
4Ci 5. 76 1 3. o~ 
41 2. 92 £ .. 90 
42 29 ...... . t • 

43 ' 07 . 1 7 
44 . OC• I , 00 
45 5.61 12. 75 
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RUH HUl'tBER £3 COHFIGURATIOH: J-DOWN 

"ODEL FLOY RATE= 1000.0 CC/S 
"Ol>EL VELOCITY= 3Co.O ·Cl'i/S 
LENGTH SCALE=100.o 

SAl1PLE 
POI HT 

4 
5 
6 
7 e 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
36 
39 
40 
41 
42 
43 
44 
45 

l'IEAH 
CONCENTRATION 

PERCENT 
<MOC.EL> 

• <.'>t• 
2. 10 

14. 90 
4. 41 
9. 70 

13.¢¢ 
15.45 
12. 16 

6. 20 
3.32 
2. SS 
1 . ¢1 

. 1 e 

. OC• 
3 . 1 7 
8 . 4 7 

15. 39 
15. '? 
9. eo 
6. 14 

. (J 2 
3. 31 
3.33 
1. 49 

. 20 

. 03 

. (;¢ 
3 . 16 
2 . E-9 
2. 85 
2. 86 
2. 37 
1. 9£. 
1. 26 

. 27 

. 12 

. (J (,1 
2 . 17 

f1EAH 
CONCENTRATIOH 

PERCE~iT 
(PROTOTYPE) 

.¢0 

. 00 

'. (•0 
5.02 

3(•. 09 
U• . 1 e 
2 t•. 9t.'t 
2£.e7 
31 . 01 
25.39 

13.9~ 
7.79 
6. 11 
2.45 

.44 .. (.~ ;;. 
7.45 

18.54 
3 o. c;o 
31. 36 
21 . 10 
13.86 

. C•S 
7. 77 
7.81 
3.59 
.4~ 
. C•6 
.<H: 

7.44 
t·. 37 
6.74 
t•. 76 
5.64 
4. 1£.9 
3.05 

. E·5 

.30 

.00 
5. 17 
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RUH HUMBER f.4 COHF IGLIRATI OH 1 J-DOWN 

"ODEL FLOY RATE= 1C•'.)0.0 ·CC/S 
"ODEL VELOCITY= 30.0 CM/S 
LENGTH SCALE=100.0 

MEAN MEMI 
SAl'IPL E CONCEtHRAT I ON CONCENTRATION 

POI HT PERCENT PERCE~iT 
(!100EL:• <PROTOTYPE:• 

4 ' QC: . 0() 
5 . (IO . (•O 
6 
7 - . (• (• . (·~· 
e 15. 74 31.47 
9 16. 78 33. 15 

10 6.41 14.42 
11 11. H• 23.49 
12 9. 89 21. 2~ 
13 3. 16 7.43 
14 1 . 95 4 . E·6 
15 1 . 84 4. 4 t 
16 1. 54 3.71 
17 1. 55 3.73 
10 1 . 51 3.64 
19 1. 34 3.23 
2C< . 35 .86 
21 . 00 . 00 
22 1 . 34 3.22 
23 3. 11 7.33 
24 6. 19 13. 'H· 
2:5 11 . £9 24.5£ 
26 13.21 27.25 
2? 9.41 20.35 
2e 4. 82 11.07 
30 1 . 21 2.92 
31 . 95 2.31 
32 . 73 1. ?S 
33 .20 . 5¢ 
34 .04 . 1 !) 
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RUH HUl1BEF. C OH F I G UR A T I 0 H : J-DOWN 

HODEL FLOW RAT£= 1000 . o CC/S 
"ODEL VELOCITY= 30.0 CM/S 
LENGTH SCALE=tOO.O 

"EAN MEAN 
SA"PLE COHCENTRATIOH CONCENTRATION 

POI HT PERCEtiT PERCENT 
(l'IOCEL:• (PROTOTYPE:• 

10 s. 63 12.81 
11 11 . t 3 23.54 
12 13. 2E· 27.32 
14 '. 9? 15.55 
15 4.cn 11.40 
16 4 ., 1 . -. 9 . ?6 
17 3.87 9.01 
19 2. 78 £.56 
1' 1 . 14 2.75 
2C• .¢2 . 05 
21 ......... 
.:.~ 4 . 4;;: 1 ,, . 34 
23 12 . ,6 2 E-. e 1 
24 16. 89 33 . 33 
25 16.52 32. 74 
26 10.~3 2 3. 18 
2 i' 6.58 1 4. 7E· 
28 . 21 .52 
30 3. 05 7. 19 
31 1. ~3 3.GS 
32 . 26 . €·4 
33 . 1 r.) . 25 
34 . 00 • <) 1 
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RUH NUMBER C 0 N F I G IJ R A T I 0 N : J-DOWN 

HOOEL FLOW RAT£= 1000.0 CC/S 
"ODEL YELOCITY= 30 . 0 CM/S 
LEHGTH SCALE=tOO . O 

SA l'tP LE 
POI HT 

10 
11 
12 
13 
14 
1 :s 
H 
17 1e 
19 
20 
21 
22 
23 
24 
25 
2~ 
2 i' 
26 
30 
31 
32 
33 
34 

MEAN 
COMC:ENH'AT I OM 

F-ERCENi 
Cl'IOCiEL:• 

e. 76 
12 . bi' 
12.33 
5. ~7 
2. 86 
t. 50 
1 . 71 
1 . 77 
1 . 74 
1. 33 

. 43 
'00 

4 c; 
2 . 98 
4. 14 
6 . 26 e . et 
i' . 1 B 
1 . 48 
1. 23 

.CJ9 

. 35 

. 00 

. ¢6 

MEAN 
COMCENTRATION 

PERCENT 
(PROTOTYPE) 

l' . 1 Q 
2€..29 
25. ~.9 
13.51 

E-. 75 
3.62 
4. 10 
4 . 23 
4 . l 7 
3.20 
1. 05 

. 00 
1 . 21 
7. <.\3 
~. 6(• 

14 . 11 
lCJ.21 
15. 90 

3.57 
2.99 
2.40 

. 8£ 

. 00 

. Hi 
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£7 CONFIGURATION; J-DOWN 

"OOEL FLOY RATE= lOOQ.O,CC/S 
HODEL YELOCITV= 30.0 CM/S 
LEHCTH SCALE=100.0 

i1£ AN PIEAH 
SA t'IF LE CONCEHTRATIOtl CONCENTRATION 

POINT PERCENT PERCENT 
<MODELi <PROTOTYPE i 

10 7.30 16.22 
11 11 . 4 7 24 . 1, 
12 10.E.7 2 2. 7() 
13 5. 71 1 2. c;6 
14 4. 03 9.35 
15 3.45 e. C•? 
16 3. 03 7. 14 
1 7 5. 2~ 12 . 09 
18 2. 19 :5. 22 
19 1 . 13 2.73 
2C• . 00 .00 
21 . (I 0 . (• 0 
22 5. 3& 12 . 23 
23 e. 74 1,. 06 
24 14 . g~ 3C• . 03 
25 15. 51 31. 11 
26 12. 2!) 25 . 48 
27 e. 34 18.28 
2S 3. 21 7.54 
30 2 . 22 5.30 
31 1 . 13 2.?4 
32 . 1 e .43 
33 . 06 . 15 
34 . 00 .00 
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RUH NOME!ER 68 COHF IGURATI OH: J-DOWN 

"OOEL FLO~ RATE= 100~.0 CC!S 
"ODEL VELOCITY= JO.O CM/S 
LEHGTH SCALE=tOO.O 

ME A tl MEAN 
SAl'IP LE CONCENTRATION CONCENTRATION POINT PERCENT PERCENT 

(MODEL;. (PROTOT~'PE) 

10 e. 03 1 7. €-~ 
12 7. oe 15. 78 
13 2. 34 5.57 
14 1 . 49 3. bl) 
15 1 . 03 2.50 
16 . 61 1. 48 
17 .41 1 . 01 
18 . 4? 1. 16 
19 . 24 111:0 ........ 
2Cc . 2~' . 49 
21 . 1 e .45 
22 4? 1.03 . -23 . 77 1. 67 24 1 . 97 4.?1 
25 4 . e. 9 1 0. 79 
26 g. 82 1 9. 21 
27 9. 50 21'.J. 52 
2a b. 54 14.68 
3 () . 13 . 31 
31 . 2C• .50 
32 . 16 . 39 
33 . 09 . 2 :2 
34 . (13 . (17 
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RUH HUl'l0ER C 0 H F I G ll IH1 TI 0 H : J-DOWN 

"ODEL FLOY RATEa 10,,0.0.·CC/S 
l'IODEL VELOCITY== 30.0 •. CM/S 
LENGTH SCALE=lOO.O 

P!EAH "EAt4 
SA "p LE CONCENTRATION CONCENTRATION 

POINT PERCEHT PERCENT 
C l'IODEL > CPROTOT'l'PE) 

10 e. 1 o 17 . 82 
11 13. 81 20.27 
12 14.38 2 c;. 24 
13 5. 71 1 ., ~-· - . ., c 
14 1. 23 2 . 96 
15 
16 . E-4 1 . 57 
17 . 4S 1 . 18 
te . 48 1 . 17 
19 . 73 1. ?S 
20 . 34 . 84 
21 . 04 . 11 
22 . 79 1.93 
23 . 78 1 ·"':I .o. 
24 1. 55 - -7 .:, .. ( ~ 

25 6. 24 14.07 
26 11 . 31) 23 . e.6 
27 ·3 . f, 7 20.83 
20 5 . E.O 12. 73 
29 . 61 1. 50 
30 . 96 2.33 
31 . 65 1 . 59 
32 ' 71 1. 72 
33 . 51 1. 25 
34 . 12 . 3C• 
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RUH NUMBER 7o CONF' IGU!H1TI ON: J-DOWN 

"OOEL FLOW RATE~ 100~.00CCIS 
MODEL YELOCITY= 30.00CM!S 
LEHGTH SCALE=lOv.O 

MEA~l ME AN 
SA "Pl E COtfCENTRAT I C!ti CONCENTIH1TION 

POINT PERCENT PERCENT 
<MODEL> ( PROTOT'r'PE;. 

1 ·~· 6. 33 14.25 
11 12. !% 2 € .. 11 
12 12. 37 25. 77 
13 3 . 1 €, 7.43 
14 1 . 1 b 2.80 
15 
16 . s 1 1. 23 
17 . f!, (~ 1.4€ ts .44 1 . o? 1, . 20 . 48 
20 . ts .4~ 
21 . 00 . 00 
22 
23 . 48 1. 17 
24 . 86 2. 10 
25 3. 19 7.50 
26 11 . (•5 2 3. 40 
27 11 . 58 24.37 
28 7.28 1 b. 19 
3¢ 1 . 06 2.56 
31 .64 1.55 
32 . e.2 1.52 
33 3? . - . 77 
34 .03 . oe 
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RUH HUl1f.!EF. 71 COHFIGURATIOH! J-DOWN C45°) 

HODEL FLOW F.ATE= 10~0 . 0 CC/S 
"ODEL VELOCITY= 30.v CM/S 
LEHCTH SCALE=100.0 

"EAH ME AH 
SA HP LE COHCENTRATIOH COHCENTRATlOH 

POI HT PERCENT PERCENT 
<MODEL> <PROTOTYPE> 

9 '. 74 20.98 
10 9. as 21. 24 
11 e. 71 1~.01 
12 3.~o 9.09 
13 . 87 2. 11 
14 . 72 t. 7o 
15 . 88 2. 13 
16 .9G 2.33 
17 . 84 2.<H 
18 .82 1. ~9 
19 . ~:5 1. 35 
20 . 3~ .87 
21 . OC• .. 00 
22 .65 1.59 
23 ~"l' 1 . 29 . ...,.., 
24 .73 1. 78 
25 2 . 01 4.79 
26 7.8b 1 7. 33 
27 10.89 23. 12 
29 9.63 2(1 • 76 
3¢ . (.1 1 . 40 
31 .28 .69 
32 . 24 .51} 
33 
34 .00 . 00 
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RUN HUMBER 72 CONFIGURATION ; J-UP 

rrnD EL FL (16! fi'A TE= 
1101>EL 'r'ELOC l T'r'= 
LEHGTH SCALE=lO~• 

1pi;1<;1 Ci CCIS 
3C:•. 1;1 • Cl1/S 
<) 

l'IEAN MEAN 
SfHIPLE CONCENTRATION CONCENTRATION 

POI HT PERCENT PERCENT 
Cl'IOCiEL:• <PROTOTYPE ;i 

10 4. 28 '·'o 11 e. e7 1 c;t. 31 
12 12.45 2s. ·n 
13 H. 81 33. 20 
14 18. 7(• 36. 13 
15 15. 02 3 (I. 30 
16 13.36 2?.49 
17 16.66 33.20 
18 .S2 1. 28 
19 . 48 1 . 1 7 
2i:· . 21 .52 
21 .00 . "" 22 21.). 07 38. 19 
23 21 . 45 4(1.17 
24 19.21 36.91 
25 14. 59 2Sl.58 
26 S.01 17.64 
27 4 . c; 1 1 1 2€-
2S .29 . 7~ 
30 4.41 1 0. 19 
31 .69 1 . 'i' 32 .40 1. 10 
33 . 31 . 75 
34 . 00 . 00 
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RUH HUMBER 73 CONFIGURATIOHI J-UP 

"ODEL FLOW RATE= 1000.0 CC/S 
"OOEL YELOCITV= 30.0 CM/S 
LEHGTH SCALE•100.0 

PIEAH l'IEAN 
S~"PLE CONCENTRATION CONCENTRATION 

POINT PERCENT PERCENT 
<MODEL> <PROTOTVPE > 

10 6. 75 1 s. 12 
11 e. as 19.29 
12 e. 59 18.77 
13 4.3b 10.0S 
14 2. 5b 6.ve 
15 . 95 2.31 
16 . 72 1. 75 
17 . 92 2.24 
te . 39 . 's 
19 . 47 1.15 
20 . 31 . 76 
21 
22 . CJ7 2.35 
23 3 . 3S 7.91 
24 5. CJ6 13.49 
25 7.87 17.35 
26 e. CJe lCJ.53 
27 7 . £3 16 . 89 
29 1. 66 3.99 
30 . e~ 2 . e•S 
31 . CJt 2.20 
32 . 94 2.28 
7 '7 . ee 2. 14 ..,.., 
34 . 30 .74 
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RIJN NllMBEF. 74 C 0 H F I G IJ R A TI IJ H i J-UP 

MODEL FLO~ RATE= 1000 . 0 . CC/S 
"O~EL YELOCITY= JQ . O CM ! S 
LEHGTH SCALE=tOo . o 

MEAN r~ E AM 
SAl'IP LE CONCENTRATION CONCENTRATION 

POINT PERCENT PERCENT 
(MODEL :1 (PROTO'!''(PE ~ 

4 . ()Q . 00 
5 . !,~~· . 1)0 
6 . ¢(• . ¢0 
7 . C•3 . 07 

10 . E0 5 1 . se 
11 6. 45 14.50 
12 10. 64 2 2 . E.5 
13 15 . 75 31 . 49 
14 1 e . 24 35.42 
15 19. 45 35 . 75 
H 1 7 . 3(1 33.96 
17 14 . 75 29 SS 
1e 1 . 79 4 . 29 
19 1 . 56 3 . 75 
20 1 . 15 ,., -o £. (,. 
21 . OB .20 
22 15. 03 30 . 31 
23 16 . 92 33.21 
24 15 . 05 31 . E0 6 
25 12 . 59 2 E.. 15 

6 7 . 71 1 7. 05 
"T _, s . 02 I 1 . 50 2e 77 . .,,.,, . eo 

30 2. 6S 6.34 
31 1 . 34 3.23 
32 . 87 2. 12 
33 . 38 . 93 
34 . 30 . 74 
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RUH HU'19ER 75 COHF'ICLIRATIOH: J-UP 

MODEL FLOY RAT£= 1000.0 CC/S 
HO~El VELOCITY= 30.0 C"/S 
LENGTH SCALE=tOO.O 

,,EA H ,, E AN 
SAMPLE CONCEHTRAT!ON CONCENTRATION 

POI HT PERCENT PERCE HT 
(HODEL> <PROTOTYPE> 

10 . ,3 Z.27 
11 2 . f, 7 £.31 
12 1 . 75 4. 1 ~ 
13 1 . 40 3.37 
14 1 . 14 2. 76 
15 1 . 14 2.76 
16 1 . 21 2.93 
17 1.19 2.87 
1e .95 2 . 31 
19 . 82 1. 99 
20 . 89 2. 16 
21 . 99 2.39 
22 1 . 24 2.99 
23 1 . 21 2.92 
24 1 . 22 2.94 
25 1 . 41 3. 40 
26 2. 12 5.05 
27 . 65 1. 58 
2e . 25 . tQ 
3() 1 . 31 3' 17 
31 1 . 19 2.ee 
32 1. 00 2 . 43 
-: ., ·-·.., . e.s 1 . 57 
34 . 36 .87 
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RUN HUl'IEIEP. 76 CONFIGURATIOHt J-UP 

"ODEL FLOY RATE= 1000.0 CC/S 
MO~EL YELOCITY~ 30.0 ~MIS 
LEHCTH SCALE=t~~.O 

MEAN P'IEAH 
SA "p LE CONCENTRATION CONCENTRATION 

POINT PERCENT PERCENT 
Cl'IODEL> <PROTOT'r'PE> 

10 3. 82 l3' ,0 
11 7. 71 17.05 
12 9 . f,f, 20.e2 
13 15' 38 30.90 
14 15. 02 30.29 
15 10 . 11 21. '' 16 5. ee t 3. 31 
17 4.23 9.80 1e t . 48 3.56 
19 1. 20 2.90 
20 1 . 35 3.25 
21 1 . 28 3.09 
22 7 . 47 lE-.57 
23 13 . 82 28.28 
24 16 . 01 31 ''2 25 13 . 56 27.85 
26 7 . 04 15.£9 
27 4 . £9 10.79 
20 . 14 . 33 
J(.\ . 90 2' 19 
31 . 70 l. 09 
32 . :57 1. 38 
33 .e£ 34 . 35 
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RUH HUl1BER 77 CONFIGURATION: J-UP 

MODEL FLOW RATE= lQOO.O ~C/S 
110DEL VELOCITY= 30.0 CM/S 
LEHGTH SCALE=100.0 

MEAN MEAN 
SAl'IPLE COHCEHTRATIOH COHCEHTRATIOH 

POINT PERCENT PERCENT 
CMODEL;t <PROTOT~'FE / 

1 !) 3. 60 8.42 
11 6. 71 15.02 
12 7. 9S 1 7. 52 
13 9.49 18.57 
14 8.63 18.85 
15 10 . 94 2 3. 21 
16 10. 53 22. 44 
17 a. 53 18.65 
ts 1 . 31 3. 17 
19 . E-9 1. 69 
20 . 78 1. 8~ 
21 . 52 1.27 
22 16. 56 32.SO 
23 t t . 1 e 23. 63 
24 6.43 14.4b 
25 5. 15 11. 79 
2b 3. 8<.'I 8.85 
27 3. 09 7.27 
2S .oo .00 
30 1 . 25 3.03 
31 . 'Zl3 2.26 
32 . £. t 1.48 
33 . SS 1. 35 
34 .29 . 71 
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RUH HUM9ER 78 C 0 H F I G UR A T I 0 H : J -DOWN ( 4 5 °) 

HOl>EL FLOY RATE= 1(10Ct.O CC/S 
MODEL VELOCITY= 30.0 CM/S 
LEHGTH SCALE=tOO.O 

SA l'tF LE 
POI HT 

10 
t 1 
12 
13 
14 
15 
16 
1? 1e 
19 
20 
21 
22 
23 
24 
25 
26 ....... .:. r 
26 
31) 
31 
32 
33 
34 

f'IEAN 
CONCENTRAT I Otl 

PERcnn 
(110DEL:1 

10. 52 
12. 31 
11 . 50 
4. 77 
1 . e.e 

.99 

. E·5 

.£3 

. 46 

. :54 

. 20 

. 15 

. c;~ 
2. OS 
s. e4 
9.44 

12. l ~ 
11 . 31 
6. 99 

.43 

. 2~ 

. 2¢ 

.08 

. (•2 

ME AN 
CONCENTRATION 

FERCE~IT 
<PROTOTYPE ;1 

22.42 
25.66 
2 4. 22 
1 (o. 9£ 

4. ¢4 
2 40 
1. 57 
1. 54 
1 . 11 
1 . 31 

. 46 

. 3£ 
2.41 
4.~8 

13.23 
20.41 
25.46 
23.Si' 
1 5 E.o 

1. of. 
. E.1 . so 
. 20 
. C•4 
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. .. ·~ 

80 COHFIGURATIOHl 

nODEL FLOW RATE• 1000 . 0 vCC/S 
"ODEL YELOCITV= 30.o CM/S 
LENGTH SCALE•lOO.O 

"EAH 11EAH 
SA"PLE COHCEHTRAT I OH COHC UH RAT I ON 

POINT PERCENT PERCENT 
<rlODEL) <PROTOTYPE ;i 

4 .02 .Ot> 
5 . 00 .. oc;. 
6 . (t () • C) 1 
7 . 00 .00 
8 . 04 . 09 
9 13.03 26 . 93 

10 . 12 .29 
11 6.80 15.22 
12 10.5£ 22 . 49 
13 14. 16 28 . 06 
14 17 . (.'19 33.65 
15 22. 33 41. 42 
1' 24.50 44 . 39 
17 23. SE. 43 . 12 
1S .97 2 . 36 
19 .oe . 19 
20 . 00 . 0() 
21 .02 . OS 
22 23. 60 43. 17 
23 20.27 38. 47 
24 14. 91 2~. 95 
25 12. 25 2,.56 
2£ 8 . 33 lS.26 
27 5. 23 11.94 
29 .04 . 11 
29 10 . 79 22.92 
3~· 10. <.'19 21. 62 
31 1 . 3(J 3. 14 
32 . 21 . s 1 
33 . 1 (I . 24 
34 <I'' . ' . C•6 
35 10.66 2 2. 69 
36 e. 32 18.24 
37 7 . 40 t £ . 59 
39 9.30 18 . 21 
39 s. 45 12 . 41 
4r) 5. 40 1:2.47 
41 2.36 5. 61 
42 .15 . 37 
43 . C•S . t 3 
44 . C•3 . (16 
45 5.E-2 12. 78 
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RUN Ntlf'IBER et CONFIGURATION: 

"ODEL FLOW RATE= 1000.0 CC/S 
"ODEL VELOCITY= 22.0 C"/S 
LEHGTH SCALE=100 . 0 

4 
5 
~ 
7 e 
9 

1 (I 
11 
12 
13 
14 
15 
H 
17 1e 
u 
20 
21 
22 
23 
24 
25 
2~ 
27 
26 
29 
30 
31 
32 
33 
34 
35 
Ji 
37 
38 
39 
40 
41 
42 
•U 
44 
45 

MEAN 
CONCENTRAT I OH 

PERCENT 
(f'IODEL> 

. 00 

. (IQ 

. OC:• 

. Ott 
9. E·3 

12.09 
4. 34 
7. 70 

11 . 21 
17 . 59 
2 .3. oe 
27.35 
30. E· 1 
29. 11 

1 . 01 
. 02 
. 05 
. 00 

30. 09 
26.37 
20. 59 
14. 29 
6.01 
5 . 43 
2. et 

12 . 09 
11. 36 
t. 44 

. (17 

. 03 

. (1(1 
11 . 93 e. 83 
9. 11 
8. 75 
5.25 
5.,2 
2.35 

. 0 7 

. 02 

. 02 
5.52 

MEAN 
CONCENTRATION 

PER COIT 
<PROTOTYPE> 

. OC• 
. . 00 
.' . 00 
.·. 00 

20 . 77 
25.28 
10.03 
17.02 
23.70 
34 . 42 
42. 4' 
48 07 
52 . 04 
50.25 

2.45 
.Cl~ 
. 12 
.00 

51. 42 
46.83 
38.93 
2'. OS 
1 7. E.4 
12 . 37 

f,. 63 
25. 28 
23 . 9~ 

3.46 
. 1' 
.07 
. 00 

24 . 99 
19. 25 
17.84 
1 9. (14) 
11.99 
12 . 57 

5.59 
. te 
. 04 
. 05 

12.55 
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RUH HUPIBER 82 COHF I GURA T1 OH: 8--DOWN 

"ODEL F'L OU RATE• 11)00 . 0 CC/S 
"Ol>EL YELOCITY:a 22.o · c111s 
LENGTH SCALE~too.o 

"EAH HEAH 
SAMPLE CONCENTRATION CONCENTRATION 

POINT PERCENT PERCENT 
("ODEL> <PROTOTYPE> 

4 .0, .16 
5 .o~ .00 

' . 00 ' · 00 
7 .00 . 00 
8 3. 22 7.56 
9 2. 15 5. 12 

10 1. 87 4. •U 
11 1. '' 

4.,7 
12 1 . 67 4.01 
13 5.24 11. '' 14 8. 45 18.50 
15 8. 98 19.52 
16 '·'' 13.54 
17 '. 58 14.77 
18 5.0S 11. 57 
19 1. 95 •. ,7 
20 . 05 .13 
21 . 00 . 00 
22 5. 73 13.00 
23 5. 30 12. 10 
2'4 4.49 10.36 
25 2.89 £.81 
2i 1 . 43 3.48 
27 1 . 70 4. 07 
29 1. 93 4.63 
29 5. 29 12.07 
30 5. 34 12. 19 
31 3. 09 7.27 
32 . 29 . 72 
33 . 14 . 34 
34 . 00 . 00 
35 5 . 13 11. 74 
36 4. 68 10.77 
37 4. 45 10.27 
38 4 . 48 10 . 33 
3~ 3. 12 7.35 
40 3. Oi 7.21 
41 2. £9 £.37 
42 1. 71 4.09 
43 . 33 . 80 
44 . 01 . 02 
45 2 . 97 7.00 
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93 CONF' IGURATI ON: B-DOWN 

"ODEL FLOW RATE• 1000.0.CC/S 
"ODEL VELOCITY= 3~.0 CM/S 
LEHGTH SCALE=lOO.O 

SAftPLE 
POINT 

4 
5 

' 7 e 
10 
11 
12 
13 
14 
15 
16 
17 
19 
19 
20 
21 
22 
23 
24 
29 
2' 27 
28 
30 
31 
32 
33 
3-4 

ftEAH 
COHCEHTRATIOH 

PERCENT 
(ftQDEL) 

. 00 

. (t(I 

. 00 

. 00 

. (13 

. 01 

. 08 

. 85 
3.£4 
7. 35 
7. ' ' '. 55 5. 24 
4.37 
l. 32 

. 50 

. 04 
'. 68 !5. 67 
2. 98 
1. 32 

. 20 

.01 . oo · 
5. 27 
2. 81 

.61 

. 18 

. 20 

l'IEAH 
CONCEHTRAT IOH 

PERCENT 
<PROTOTYPE) 

.. 00 
. 00 ·. c-o 
. 00 
. 08 
. 01 
.19 

2.08 
8. 5C) 

16.33 
17.53 
14. 71 
t t. 98 
10. 11 

7.79 
1. 22 

. 11 
14.98 
t 2. 88 

7. 02 
3. 18 

.48 

. 01 

. 00 
t 2. 04 
6.64 
1. 49 

. 45 
• '48 
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RUH NUMBER 84 CONFICURATIOHI K-DOWN (45°) 

MOOEL FLOW RATE= 1000 . 0 CC/S 
MOOEL VELOCITY= 10.0 CM/S 
LENGTH SCALE=100.0 

11E AH "EAH SA HP LE COHCEHTRATION CONCENTRATION 
POINT PERCENT PER CE HT 

<110l>EL> <PROTOTYPE> 

4 . 1 ~ .38 
5 . 11 .2, 

' .24 . 58 .. . 10 .25 I 

0 . 24 .60 
9 .2, . , .. 

1 0 . 24 . 60 
11 .25 . 61 
12 . ~e 2.3C) 
13 1. 37 3.30 
14 1. 48 3.57 
15 1. 70 4.08 
16 2.04 4.88 
17 1 . '1 4.57 
10 1. ,2 4.60 
1~ 1. ,7 4.70 
20 1 . 'e 4.72 
21 1 . 42 3 . 41 
22 1 . f,3 3 . en 
.2 3 1 . 1 b 2.eo 
24 . '' 2.33 
25 . 64 1. ' ' 26 . 25 . 62 
2? . 24 . ~8 
23 . 23 . !'56 
2';' 1.59 3.82 
30 1 . f, 7 4. (12 
31 1 . 60 3.84 
32 1 . so 3.62 
33 1. 03 2.49 
34 .26 . 64 
35 1. 66 3.,, 
36 1 . 46 3.52 
37 1. 53 3.67 
33 1 . E-0 3.85 
39 1 . 36 3.29 
40 1 . 43 3.4J 
41 1. 26 3.04 
42 . 30 2 . 1 J 
43 . 31 .?? 
44 .22 . 54 
45 1 . 42 3.42 
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RUH HUMP.ER C 0 H f' I G UR A TI 0 H : K -DOWN ( 4 S 0 
) 

MOC. El F'l Olil RATE= tOOO.O CC/S 
MODEL vELOCIT't'= 3 Ci . 0 C Ml S 
LENGTH SC:ALE=1C1 :.) .:;, 

MEAN HEAN 
·:::AMPLE CONCENTRATION CONCENTRATION 

POI liT PERCENT PERCENT 
(i10tiEL) ( Pli:OTOT'l'PE > 

4 . y() . 00 
5 . (:0 . 00 
6 . 00 . 00 ., . t~t(• .. <)t) I e . (d} . 00 
9 . (q~c . (• 0 

10 • CtO . 00 
11 . (I!) .00 
12 . l 7 .42 
13 . 18 . 45 
14 . 50 1.21 
15 . l9 . ~' 16 . 64 1. ~7 
1 7 . 59 1.45 
1 e . 5~ 1.44 
19 .57 1. 3'9 
2(• . 52 1.27 
21 . '' 1. ,1 
22 . t9 1.68 
23 . 7C• 1. 71 
24 . t•b 1. £.1 
25 .40 . 9B 
2ft .. (t(I . (ly 
27 . 00 .00 
2e . (I (i I , (l 0 
29 . 67 l.bl 
30 .79 1. 91 
31 . G7 1.b2 
32 . 70 1. 70 
33 . S9 1. 44 
34 . 21 . 51 
35 . 77 1.87 
36 . e.e 1.67 
3 i' . 57 1. 4Q 
39 . 61 1. 49 
39 .49 1. 19 
40 .42 1. (12 
41 . 30 .73 
42 . 17 . 41 
43 . 00 .00 
44 .00 . 00 
45 .58 1.43 
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Rll~4 NUf1BER 06 COHFICUP.ATIOH: H-DOWN (45°) 

"O~El FLOU RATE• 1000.0 CC/S 
MO~EL VELOCITY= 30.0 C"/S 
LEHGTH SCALE=100.0 

MEAN "EAH 
·~AMPLE CONCENTRATION CONCENTRATION 

POI HT PERCENT PERCE HT 
( MOl>EL > <PROTOTYPE> 

4 . l>O . 00 
5 . (•0 . ()c) 
~ . Of.• . 00 
7 . 00 . 00 e .00 . 00 
~ . 13 .31 

1(': . (•0 00 
11 . (•0 I.()() 
12 . 57 1. 3~ 
13 . 76 1. 84 
14 26 . 65 
15 1 . (l r;. 2 . 42 
H 1 . 24 3 . 0¢ 
1? 1 . 3f, 3.2~ 
1e 1 . 19 2.87 
1~ 1 . 17 2.83 
20 1 . ¢4 2 . 51 
21 . 76 1 . 04 
22 . 84 2.0J 
23 . 39 .~S 
24 36 . 87 
25 . 60 1.47 
2~ 1 . 11 2. f,8 
:2? . C·~· (·~ 
28 . (•(• . C•O 
2 ·;, 1. 04 2.53 
30 1 . 15 2.78 
31 1 . 1,\7 2.59 
32 . % 2 . 32 ., ., 
.... oJ . g 1 1 . 97 
34 . 41 1. 00 
35 1. 1 (I 2 . 67 
3~ 1 . ¢4 2.52 
37 1 . r;.5 2 . 53 
38 . ''7 2.35 
-::'•:\ 
· ~· .-· . 9C• 2. 19 
40 . 81 1. 96 
41 70 1. 70 
.12 . 53 1 . 30 
43 . 13 . 33 
44 . ., . t'l 7 . v.., 45 8'' 2 . 14 • Q 
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RUH HUl'tE.!EF. 87 C 0 H F I G UR A TI 0 H : K -DOWN ( 4 S 0 ) 

HODEL FLOY RATE= 1000.0 CC/S 
f'IODEL 't'ELOCIT'r'= 22.0 •Cl'l/S 
LEHGTH SCALE=tOO.O 

HEAM t1 E AN 
SA HP LE CONCENTRATION CONCENTRATION 

POI HT PERCENT PERCENT 
<MODEL> <PROTOTYPE) 

4 . O(I . 00 s . . ¢0 .00 
~ . \10 . Oo .. . Q() • (1(1 I ,, 
'J . C•9 1 .;'\ ... 
9 .OS . 20 

10 .05 .13 
11 . 18 . 44 
12 1 . 27 3. ~·6 
13 1 . 64 3.94 
14 1 . 89 4 . 53 
15 2. (17 4. 'H 
16 2.27 5.40 
17 2. 20 5.24 
10 2. 1 ~ 5. 13 
19 2. 10 !L 02 
20 2. 03 4.84 
22 2. 30 5.4, 
23 2. ~·0 4.<.n 
24 1. 90 4.55 
25 1 . f.lJ 4.0, 
2& 1. 20 2.91 ..,-c.. ( . 32 . 79 
28 . 01 .04 
29 1 . 44 3.4, 
30 1 . 40 3.36 
31 1 . ()7 2.60 
32 . 49 1. 20 
33 . 15 . 37 
34 .02 . 04 
35 1 . 47 3.~5 
36 1. 38 3.32 
37 1. 25 3.02 
38 1. 52 J,,, 
39 1. 10 2.6, 
40 1. 08 2.,2 
41 . 64 1. 57 
42 . 1 s .37 
43 . (10 . 00 
44 . (12 . 0, 
45 1 .10 2.67 
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RUH HU"8£R 88 COHFIGURATIOH1 K-DOWN (45°) 

ftODEL FLOW RATE• 1000.0 .CC/S 
ftOOEL YELOCITV• 22 . 0.C"/S 
LEHGTH SCALE=100.0 

"EAH "EAN 
SA"PLE CONCENTRATION COHCEHTRATION 

POINT PERCENT PERCENT 
<"ODEL> <PROTOTYPE> 

4 ' . 00 . 00 s . 00 . . 00 

' . . 00 . 00 
7 . 00 '. 00 
8 . 07 . 18 
9 . 28 . £8 

10 . 20 . ·49 
11 . 59 1. 44 
12 . 'C) 2 . 17 
13 l. 0, 2.57 
14 1 . 18 2 . 85 
15 l. 40 3.JC) 
1, 1 . 33 3.21 
17 1. 29 3 . 12 
18 1. 3£ 3.29 
19 1. 23 2 . 98 
20 1. 15 2.78 
21 1. 18 2 . 84 
22 1 . 19 2.99 
23 1.15 2 . 78 
24 1 . (t 1 2.60 
25 . 93 2.25 
26 . 79 1. 92 
27 . 48 1. 16 
2S . 17 .43 
29 1. 23 2 . 97 
Jo 1. 08 2 . 61 
31 . 85 2.Ct, 
32 . 71 1 . 72 
33 . 18 .45 
34 . (t2 . 05 
70: . 99 2.40 ".., 
36 1. 03 2.49 
37 . 87 2. 12 
3S . 96 Z.33 
39 . 83 2 . 02 
40 . 89 i . lb 
41 . 66 1. f,C) 
42 . 37 . 90 
4i . 13 '7., . .._.""" 
44 .00 . 00 
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RUH NUMBER 89 C ONF' 1 G UR ATI OH; B-UP 

"ODEL FLOW ,ATE~ 1000 0 CC/S 
"ODEL VELOCITY= 22.0 CM/S 
LENGTH SCALE•10¢.0 

SA"PLE POINT 

10 
11 
12 
13 
14 
15 1, 
17 
18 
19 2C) 
21 
22 
23 
24 
25 
2' 27 
28 
30 
31 
32 
33 
34 

~£AH 
COHCEHTRATIOH 

PERCENT 
<"OliEL> 

. 75 

. 8, 

. 95 
1. 23 
1. 35 
1. 49 
1. 49 
1. 31 
. '' . £9 ,,9 
.69 

1.19 
1. 18 
1. ~2 

.91 

·'' . 71 . ,1 
. 86 
. 58 
.47 
.23 
. 09 

MEAN 
COHCEtHRAT IOH 

PERCE HT 
<PROTOTYPE;. 

1. 82 
2.09 
2.32 
2 . 9e 
3.2, 
3.59 
3.59 
~. 15 
1. '1 
1.£8 
1. ' ' 
1. '' 2. 87 
2.86 
2.47 
2.20 
t. ,1 
1. 73 
1. 48 
2.(18 
1. 41 
1. 15 .s, 

. 21 



155 

COHF IGURATI OH 1 B-UP 

MODEL FLOY RAT£:: tO~O . O . ·CC/S 
"ODEL VELOCITY~ 30.0 C"/S 
LEHCTH SCALE=tOO.O 

"£AN t1EAH 
S~"PLE COHCEHTRAT I OH COHCEHTRAT IOH 

POI HT PERCENT PERCE HT 
( "Ol>El > <PROTOTYPE> 

10 . 77 1. ee 
t2 . St t. 24 
13 . '~ 1. 3, 
14 . 67 1.64 
15 .84 2.03 
1' .81 1.97 
17 . 71 1. 74 
ts . 33 .82 
19 . 38 .94 
20 . 30 . 74 
21 . 32 . 79 
22 . f,5 1. sa 
23 .61 t. ~o 
24 . £3 1. :53 
25 . 47 1. 15 2, . 3£ . 89 
27 . 75 l. 82 
28 . 41 . 99 
29 . 55 1. 34 
30 .54 1.32 
31 .40 . ~9 
32 . 35 . e~ 
33 . 36 . 89 
34 . 34 . 83 
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RUN NUMBER 91 CONF'IGURATIOH: 

11 ODEL Fl OW RATE= 2166.0 CC/S 
MOD EL VELOCITY~ 22.0 CM/S 
LENGTH SCALE=100.0 

H£AH "EAH 
SA 11P LE COHC:EHTRATtOH CONCENTRATION 

POINT PERCENT PERCENT 
<HOCiEL> (PROTOTYPE> 

4 15. 77 J 1. 53 
5 11 . Oil 23.45 

' 7 s 2~. 30 5<'.49 
CJ 31 . 14 52.,6 

1 0 14. 36 2~.20 
11 1 9 . 55 37.41 
12 2~. 29 C'i . 43 
13 35. 58 57.60 
14 
15 46.76 68. 36 
H 51 . £2 i'2.41 
17 50 . 45 71. 46 
lS 2. 14 5. 11 
19 . ¢0 .00 
20 . 0£ . 14 
21 

52. ii 22 73. 43 
23 

39. 7o 60. 83 24 
25 2C) • 29 50.46 
2' 22 . 84 42. 13 
27 19. 27 3 f,. 98 
28 14. 51 29.45 
29 24. 51 44.40 
30 25.5, 45.78 
31 6.24 14.06 
32 .04 .10 
33 . 10 .25 
34 . 23 ·'' 35 25. 21 45.33 3, 19. 71 37. £5 
37 19. 24 3£.95 
38 21.28 39.94 
39 14. 04 28. '' 40 14.32 29.13 
41 6. 83 15.28 
42 .35 .85 
43 . 15 . 38 
44 . 00 . 00 
45 14. 14 28. 82 
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RUH HUMBER 92 CONFIGURATIONt K-DOWN (450) 

"ODEL FLOW RATE• 1000.0.CC/S 
MODEL YELOCITY= 45.0 C"/S 
LEHGTH SCALE=JO(i.O 

l'IEAN MEAN 
SAMPLE COHCEHTRAT I OH CONCENTRATION 

POINT PERCEIH PERCE HT 
<MOOELi <PROTOTYPE> 

4 . C-0 .00 
5 . 00 . 00 
6 . 00 . 00 
7 . (10 . 00 
" 0 ' '(•') . 00 

' ' . 00 . 00 
10 ' 0(1 '00 
1 l . 01 . (11 
1 2 . Ci 1 .03 
13 11 . 04 23 .38 
14 
15 10. '' 23.23 
16 12. 83 26.:57 
17 12. 41 25. 85 
18 2. 20 5.24 
19 . 35 . es 
20 • C)(l .00 
21 . (i (I .00 
•'"'1•"'\ 
~~ 12.07 2 5. 25 
23 9 . 49 2 ()' 50 
24 ·;,. 14 1~.83 
25 lQ. 71 22. 77 
26 . 20 .·U 
27 . 00 . 00 
28 . t,.\O . 00 
2CJ f, . 4f. 14.52 
3(1 5. St:• 12.53 
31 1. 35 3.2, 
32 . 31 . 75 .. ..... ..., .04 . 10 
34 . 00 . C)() 
7C: 6. 70 15.01 ._ . ..., 
36 
37 4. 7, 11. 02 
3S 
39 3 . <J7 9.22 
40 3 . 48 s. 15 
41 1 . 58 3. 8Gi 
42 . 31 . 77 
43 . ¢5 . 11 
44 <.'3 . () 7 
45 2. 75 t,. 51 
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RUN NUMBER 93 CONFIGURATION: K-DOWN (45°) 

MODEL FLOW ,ATE• 1000.0 CCIS 
MODEL VELOCITY= 45 . 0 C"/S 
LEHGTH SCALE=lOO.O 

SAl'iPLE 
POINT 

4 
:5 
6 
7 e 
CJ 

1 r;c 
11 
12 
13 
14 
15 1, 
17 
ts 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3() 
31 
32 
33 
34 
35 
36 
37 
JS 
39 
4ti 
41 
42 
43 .... 
45 

"EAN 
COHCEHTRATtOH 

PERCENT 
(MODEL> 

. 00 

. 02 

. 02 

.01 

. 00 

. 00 

. 00 

. 04 

. 14 

. 4~ 

. 51 
l . 12 
l. 83 
2. f,1 
2.34 
2. 01 
1 . 72 

. 36 
2. 12 

. 31 

. 41 

.24 

.09 

. 02 

. Oo3 
1. £3 
1. £4 
1 . 48 
1. 40 
1. 12 

. 57 
l. 72 
1 . 41 
1. 42 
1. 39 
l. 11 
1 . 19 
1 . 07 

. 91 . s• . °'' 1. 21 

MEAN 
COHCEHTRATIOH 

PER CE HT 
<PROTOTYPE) 

. 00 

. 05 

. 04 

. 01 

. 00 

. 00 

. 00 . 0, 

. 35 
1 . 21 
1. 26 
2 . 72 
4.39 
E.. 18 
5 . ~7 
4.80 
4. 13 

.8, 
5.06 
1. 25 
1. 01 

.f.O 

.23 

. 05 

. 09 
3.,2 
3.,3 
3.57 
3.37 
2.70 
1. 38 
4. 13 
3.40 
3.41 
3.35 
2 . 69 
2. Si' 
2.58 
2 . 20 
1. 37 

. 15 
2.93 
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RUH HUftBER COHf lGURATI OH: K-OOWN (45°) 

HODEL FLOY RitTE• 1 00 0 . 0 ·CC /S 
H 01> EL YELOCITY• 45 . 0 CHIS 
LENGTH SCALE=100.0 

HEAN "EAN 
SAMPLE COHCENT!HtTtOH COHCEHTRATIOH 

POI HT PERCENT PERCENT 
(MO I> El> <PROTOTYPE) 

4 . 00 . 00 
5 . 12 .31 
6 . 01 .02 
? . 09 .23 
e . 15 . 37 
9 . 11 .28 

H• . 12 . 30 
11 . 12 .30 
12 . 03 .oe 
13 . 2i' ·'' 14 . 31 . 76 
15 . 57 1. 40 
16 . 55 1. 34 
17 . 70 1. 72 
16 . e 1 1. 9, 
19 . 85 2.06 
20 . ee 2. 14 
21 . 86 2.09 
22 . 59 1. 43 
23 . 2S . 69 
24 .29 . 71 
25 . 20 .56 
26 . 14 . 34 
27 . 14 . 34 
26 . 15 . 37 
29 .83 2. 02 
30 . et 1.97 
31 . E: 1 1. 96 
32 . 70 1 . 89 
33 . 74 1 . 80 
34 . 53 1 . 30 
35 .81 1. 97 
3~ .78 1. 90 
37 . 72 1. 90 
38 . 79 l. 92 
3~ .65 1. 5, 
40 .£9 1. 68 
41 . 64 t.57 
42 . 57 1. 38 
43 .46 1. 12 
44 . 21 . 51 
45 . 70 1. 70 
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RUN HUMBER CDHF'IGURATIDH: 

MODEL FLOY RATEz 1000 . 0 CC/S 
HODEL YELOCITY: i~.O CM/S 
LENGTH srALE=tOO.O 

SAMPLE 
POINT 

4 
5 
6 
i' e 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1e 
19 
20 
:21 
22 
23 
24 
25 
26 
27 
2e 
29 
30 
31 
32 
33 
34 
35 3, 
37 
39 
39 
40 
41 
42 
43 
44 
45 

"EAH COHCEHTRATtOH 
PERCENT 
(MODEL> 

. 00 
" 0 c> 

. (J 1 

. ()(I 

. 00 

. 00 

.01 

. 03 

.51 

. 95 
4. 71 
5 . 31 s. 14 
3. ~ 1 
2 . 01 

. 21 

. Qb 
5.00 
4.43 
3.49 

. 10 

. 00 

. 00 

. (t(t 
3.57 
3. 70 
2. 7, 
1. 33 

.24 

. 02 
3.28 
3. 11 
2.97 
2. 79 
2.47 
2.30 
1. 38 

. 59 

. 20 . 1e 
2. 13 

"EAH CONCENTRATION 
PERCE HT 

CPROTOTYPE) 

. 00 

.00 

. 02 

. 00 

. 00 

. 00 

. 62 .oe 
1. 24 
2.30 

1 t•. 95 
12. 12 
11 . 7£ 

9. 1 () 
4.79 

. 52 . 1, 
1 1 . 4 7 
1 (,1. 23 e. 17 

.25 
• (10 
.00 
.00 

8.35 
8 . ,4 
,,53 
3.21 

,,0 
.0, 

7.70 
7.J2 
7.01 
£.54) 
5.87 
5.48 
3.34 
1. 45 

.49 

. 45 
S.09 
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,, COHF'IGURATIOHI K-DOWN (45°) 

HODEL FlOV RATE• 1000.0 CC/S 
MO~EL YELOCITV• 60.o ·c"/S 
LEHGTH SCALE=lOO.O 

"£AN MEAN 
SA "p LE CONCENTRATION CONCEHTRRTION 

POINT PERCENT PERCENT 
(MODEL:. <PROTOTYPE> 

4 . 00 .00 
5 ·• CiCi . 00 
6 .00 . 00 
7 . 00 .00 
8 . 00 . 00 
9 . 00 . 00 

1 C) . 00 .00 
11 . 00 . 00 
12 . (10 . 00 
13 . 03 . 08 
14 . ~8 1. 40 
15 . '' 1. 60 1, 2.83 ,,,8 
17 3. 14 7.38 
1S 3. 09 7.28 
1~ 2. ,4 t. 4'2 
20 2. 26 5.39 
21 . 20 .40 
22 2. 06 4.91 
23 . 19 .46 
24 . 15 .36 
25 . 05 . 13 
26 . (•0 . oo 
27 . (12 . (t' 
28 . (•C' . 00 
29 2. 33 5 . 54 
3(1 2. C•? 4.95 
31 1 . £.9 4.05 
32 1 . 51 3.64 
33 1 . 1 7 2. 03 
34 . 6t• 1.47 
35 1 . 61 3.87 
36 1 . 69 4.05 
37 1 . 84 4.40 
39 1. 7S 4.26 
7CI . ., " 1 . 4 CJ 3.50 
40 1. 52 3.£5 
41 1. 25 3 . 03 
42 l . OS 2. €, 1 
43 . 72 l. 75 
44 . 36 . 98 
45 1. 40 3 . 36 
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RUH NUMBER 97 CONFIGURATION: K-DOWN (45°) 

MODEL FLOW RATE• 1000.0 CC/S 
MODEL VELOCITY= 60 . 0 CM/S 
LENGTH SCfiLE=lOO . O 

SA KP LE 
POINT 

4 
5 
6 
7 e 
<; 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
24 
25 
26 
27 
2e 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3e 
39 
40 
41 
42 
43 
44 
45 

l'IEAH 
COHCENTRAT I OH 

PERCENT 
(MODEL) 

. 00 

. 00 

. Cit 

. (It) 

. OC• 

. O(• 

. 00 

. 11 

. 07 

. 34 

. 57 

. 76 

. 87 

. 73 

. 80 
1 . 1,\2 

. 95 

. 49 

. 1 e 

. eio 

. ¢() 

. (I() 

. ¢¢ 

. 87 

. 82 

. BS 

. 83 

. 73 

.60 

. 77 

. 91 

.86 

. 66 

.75 

.63 

. 7£ 

. 54 

. 51 

. 25 

. £7 

f'IEAH 
COHCEHTRAT IOH 

PERCENT 
<PROTOTYPE> 

.00 

.00 

. 03 

. 00 

. 00 

. !)t) 

. 00 

. lb 

. 18 

. 84 
1 . 4 () 
1 . 85 
2. 11 
1. 78 
1. 95 
2.47 
2.31 
1. 20 

. 45 

. 00 

. 00 

. ()() 

. ¢0 
2. 11 
1 . 99 
2. 15 
2.03 
1. 77 
1. 67 
1. SS 
2.21 
2.08 
1. 60 
1. 82 
l. 53 
1. 8, 
1. 31 
1. 24 

.60 
1. 64 
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,8 COHF IGURATI OH I 

MOOEL FLOY RATE• 1000.0 CC/S 
MO~EL VELOCITY= 80.0 C"/S 
LENGTH SCALE=lOO.O 

SA HP LE 
POitlT 

4 
5 
6 
7 e 
~ 

1 () 
11 
12 
13 
14 
15 
16 
1? 
le 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2e 
2'9 
30 
31 
32 
33 
34 
35 
3~ 
3? 
38 
39 
40 
41 
42 
43 
44 
45 

"EAN CONCENTRATION 
PERCENT 
(MODEL> 

. 00 
• l')I) 
·. (10 
. (t(a 
. 0 () 
. 00 
. 02 
. 0 () 
. 12 
. 13 
.79 

2. 30 
2. 69 
3. 44 
2. 77 
2. 1 s 

. E·7 

. 15 
3. 11 
2. 54 

. 90 

.04 

. 00 

. (i (i 
•. 01) 
2. 02 
2. 33 
2. 03 
1 . 45 

. 74 

. 39 
2. 1? 
1 . 80 
2. 14 
1. 84 
t. 83 
1. 53 
1 . 19 

. 89 

.46 

. C• S\ 
1. 59 

"EAH COHCENTRAT ION 
PERCE HT 

(PROTOTYPE> 

.00 

.00 .c.o 
• OI') 

.. (10 
. (10 
. 06 
.00 
.30 
. 33 

1.C)2 
5. ·4' 
,,36 
8.07 
t,. 54 
5. 13 
1. 63 

.38 
7.32 
£.03 
2. 17 

. 0'9 

. 00 

.00 
' . <)() 

4.82 
5.54 
4.S4 
3.49 
1. 8 t 
.~£ 

5. 17 
4 . 32 
5. 10 
4.40 
4.38 
3.67 
2.87 
2. 17 
1.12 

. 23 
3.82 
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RUN HUMBER C 0 H F I G UR A TI 0 H I K-DOWN ( 4 S 0 ) 

MODEL FLOY RATE= 1000 . 0 CC/S 
MODEL VELOCITY= 80 . 0 C"/S 
LfNGTH SCALE=tOO.O 

SAM~LE 
POI HT 

4 
5 
6 
? e 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1e 
19 
20 
21 
22 
23 
24 
25 
26 
2? 
2e 
29 
3(i 
31 
32 
33 
35 
36 
37 
3S 
39 
40 
41 
42 
43 
44 
45 

MEAH 
CONCEHTRATI!HI 

PERCEHT 
Cl10DEL) 

. ()Q 

. (>0 

. OC• 

. 13 . vO 

. 00 

. 00 

. (10 

. 00 

.00 

.57 

1 . 28 
2 . 27 
2. 20 
2. (19 
l . '1 

. 15 
1 . 29 

. 48 

. 1 (t 

. 00 

. (10 
,(10 
. (t (t 

1 . (18 
1 . 45 
1. 28 
1. 24 
1. 19 
1. 11 
t . 08 
1. 35 
1. 28 

. 89 
1 . 1 B 
1. 11 
1. 03 

.87 

. 61 
1. " 

MEAH 
CONCENTRATION 

PERCE HT 
(PROTOTYPE> 

.00 

. 00 

. 00 

. 32 

. 00 

. 00 

. 00 

.00 

. 00 

. 00 
1 39 

3 . 10 
5.40 
5.25 
4.98 
3.88 

. 36 
3. 10 
1. 1, 

. 25 

. 00 

. 00 

. 00 
' . 00 2.,t 

3 . 49 
3.09 
2.9, 
2.88 
2.6, 
2.61 
3.27 
3.09 
2. 1, 
2.84 
2 . 70 
2.50 
2 .11 
1. 49 
2.87 
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RUH HU"BER 100 CONFIGURATION: K-DOWN (45°) 

"Of>EL fLOV 1',_TE• 1000.0 CC/S 
HODEL \'ELOC IT'!'= 80.0 '"'s LENGTH SCALE=lOO.O 

"EAN HEAN 
SA"PLE CONCEHTRATIOH COHCEHTRATION 

POINT PERCENT PERCENT 
< tlOliEL i <PROTOTYPE> 

4 . 00 . 00 
5 . Oi . 1' 

' .00 . 00 
7 ·. 00 . 00 
8 . . 00 .00 
9 . 13 . 32 

13 . (IQ . Oo 
14 . ~o 1 . 22 
15 
1' .75 1. 8j 
17 1. 39 3.3 
18 1. ,0 3.84 
19 1 . 57 3.78 
2¢ 1. 35 3.2S 
21 . 45 1. 11 
22 .... , l. 12 
23 . 3£ . 87 
24 . 08 . 20 
25 . (t(t . 00 
29 . 83 2.01 
30 .8£ 2. 10 
31 . ~3 2.2£ 
32 . 90 2. 1 a 
33 .e3 2.02 
34 . 70 1. 70 
35 . ee 2. ts 
36 1 . 01 2.4~ 
37 1 . 0, 2.58 
3S . £4 1. 57 
4¢ . 77 1. 87 
41 . 76 1. es 
42 . 87 2. 11 
43 . 71 1. 73 
44 . 3(s .73 
45 . 82 

1. ' ' 



166 

RUN NUMBER 1 01 CONF'IGURATIOH; B-UP 

MO~EL FLOY RATE• 1000.0,CClS 
MODEL VELOCITY= 45 O. Cl1/S 
LEMGTH SCP.LE=l00.0 

H£AN t1 E AH 
SAl1PLE CONCEf.ITP.ATIOH CONCENTRATION 

POINT PERCENT PERCE HT 
(f101JEL) <PROTOT'r'PE i 

4 . ¢ 1 . 04 
5 . 0 0 . 00 
b . ()0 . ()0 
7 . 00 .01 
s .00 .00 
9 . 00 .00 

10 . 00 .00 
11 . . 00 . 00 
12 .2:5 . 62 
13 .65 l. 37 
14 .44 1. 08 
15 1 . OE! 2. 61 
16 
1 7 . eo 1. 95 
18 1 . 13 2.73 
19 . '1 2.20 
20 . 79 1. 91 
21 .5:5 1. 3:5 
22 1 . :51 3.64 
23 . ~7 1. 40 
24 . 71) 1. 92 
25 . 77 1. 86 
26 .84 2.0:5 
27 " 00 . 00 
28 . 00 .00 
29 1. 08 2.61 
30 1. 13 2.73 
31 . 'e 2.38 
32 .CJO 2. 18 
33 . 78 1. ,0 
34 .46 1. 11 
35 1. 02 2.47 
36 .99 2.41 
37 1 . 07 2.60 
38 . 94 2.29 
39 . 91 2.21 
40 .89 2. 17 
41 . 86 2. 10 
42 .£8 

1. ' ' 43 . 36 .88 
44 . 12 .30 
45 . 85 2.06 
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RUH HU"BER 102 CONFIGURATIOHI B-UP 

t101> EL FLOW RATE• 1000.0 CC/S 
MOl>EL \.'ELOC ITY= bO.O C"/S 
LENGTH SCALE=100.0 

HEAH "EAN 
SA HP LE CONCEHTP.ATIOH COHCEHTR"T lOH 

POINT PERCENT PERCENT 
(t101>EL> <PROTOTYPE> 

4 .00 . 00 
6 . 00 . 00 
7 .(10 . (IC) 
e . 0() . 00 
9 .. (i (• .QC) 

10 . 00 . 00 
11 • (l() . ()() 
12 . 00 .00 
13 . 1 b .38 
14 . 40 .98 
15 . 88 2. 14 
16 
17 1. 24 3.00 
1e . 5, 1. 43 
19 . '8 2.39 
20 . E0 6 1. '1 
21 .42 1. 01 
22 l . 02 2.47 
23 . 43 1. 05 
24 . te '. 64 25 • C>O . 00 
26 . (10 .. 00 
27 . ~3 .07 
2e . 00 .00 
29 1. 25 3.01 
30 . ,9 2.39 
31 .99 2.41 
32 . 94 2.29 
33 .83 2. () 1 
34 .45 1. 10 
35 .89 2. 17 
36 1. 05 2.55 
37 1. 05 2.54 
38 . 96 2.33 
39 .9? 2.36 
40 . !17 2.36 
41 . 93 2.27 
42 .82 2. 00 
43 .62 1. 52 
44 . 39 .95 
45 .95 2.31 
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RUN HUMBER l 03 COHFIGURATIOH: 8-UP 

l'IOl>EL FLOV RATE= 1(10('.•.0 CC/S 
MCltiEL VELOCIT'r"= eo.o CHIS 
LENGTH SCALE=100.0 

"EAH MEAN 
SAl1PLE CONCENTRATION CONCENTRAT IOH 

PQ1MT PERCEHT PERCE HT 
(l'!Ol>EL:• (PROTOTYPE> 

4 .01 . 02 
5 .00 • C)C) 

' • C)C) .00 
1 .02 . (14 
e . 00 . 00 
9 . 00 . 00 

10 . (12 . 05 
11 .02 . 06 
12 . 03 . oe 
13 . 00 . 00 
14 . 36 . 8, 
15 . ,4 2.27 
16 
17 . 53 1. 29 
16 .41 1. 00 
19 1. 06 2. 57 
20 . 41 1. 00 
21 . 49 1.20 
22 1 . 06 2.56 
23 . 41 1. 01 
24 . 42 1. 03 
2~ . 24 . 58 
26 . 02 . 06 
27 . 00 •. 00 
28 . . OC. . 00 
29 1 . 00 2. •H 
30 . ,9 2.40 
31 1. 08 2. '1 
32 . 92 2.24 
33 . 81 

1. ' ' 34 . 17 .43 
35 . 82 2 . (IC) 
36 . ,7 2.3~ 
37 . 93 2.26 
38 . 88 2. 14 
39 . 84 2.04 
40 . 81) 2. 15 
41 . 83 2.03 
42 . 71) 1. 91 
43 . ,1 1. 48 
44 . 39 . 97 
45 . 93 2.25 
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RUH HU"BER 104 CONFIGURATION: 

"ODEL FLOU RATE= 1815.o ·cc/S 
t1Cll>EL VELOCITY= 22.0 ·Cft/S 
LENGTH SCALE•100.0 

SfUIPLE 
POINT 

4 

' ' 7 
8 

' 10 
11 
12 
13 
14 
15 
16 
17 1e 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
3~ 
37 
38 
39 
40 
41 
42 
43 
44 
45 

ft[ AH 
CONCENTRATION 

PERCENT < ~ODEL) 

6. 7f. 

18 . IJ:5 
7. 71 

12. 50 
16. 01 
~3.iJl9 

36.89 
43. 70 
40.05 
1. £4 

. (10 

. 11 
45.£1 
33. 15 
20. 10 
13. 13 
11 . 85 
e.12 

17.85 
14.44 
2. 7t) 

. 30 

. 15 

. 22 
19 . (t(I 
14.f,5 
13. 33 
13. 92 
9.5£ 
9. 35 
3. 30 

-7 . ~ .. 
. 2£ 
.<io 

9.73 

"[AM 
COHCEHTRATIOH 

PERCE HT 
<PROTOTYPE) 

1 ~. 14 

3£.,i 
17.04 
26.0t 
31. ,2 
43.70 
58.98 
65. 62 
£2. 17 

3.93 
. 00 
. 2~ 

£7. ~' 
54.95 
38.23 
27. 10 
24.85 
19.03 
34.83 
29.34 

£.38 
. 75 
. 36 
. 54 

3£.59 
29.f,' 
27.45 
28.45 
20.£2 
20.24 

7.74 .eo 
. £3 
.00 

2~.9£ 
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RUH HUHBER 1 06 COHFIGUR~TIOH: H-DOWN 

"ODEL FLOW RATE= 1000 . 0 CC/S 
"O~EL VELOCITY= 30 0 CM/S 
LENGTH SCALE=100 . 0 

l'IE AN l'IEfiH 
SAMPLE CONCENTRATION CONCEHTR.-.TION 

POI HT PERCENT PERCENT 
(110DEL) (PROTOTYPE :1 

4 . 04 . 11 
5 . 0(1 . 00 
6 . 0(• .00 .., 
' e 
9 3. iJ2 9. 13 

10 4.,5 11. 35 
11 3.64 8.49 
12 2. 03 4.84 
13 3 . 38 7 . 1)2 
14 
15 2. 91 6.87 
16 2 . f,7 €.. 31 
17 3.0, 7. 1? 
1e 2 . 20 5.25 
19 2. o" 4.92 
20 . 77 1.ee 
21 
22 5 . 03 11. 52 
23 
24 9 . oe 1,.72 
26 ' . 1 e lC).91 
27 4 . ~2 11 . 30 
28 3 . OC• 7.06 
29 2. ,1 {. . 66 
30 3. 01 7 . 09 
31 1. 52 3.65 
32 . 74 1. 7~ 
33 . 16 . 39 
34 . 02 .04 
35 3.23 7 . 59 
3£ 2. 11 5. ¢4 
37 2 . 42 5.75 
38 1 . 9S 4. '74 
39 1 . 54 3.72 
40 1. 59 3 . 83 
41 . 05 . 1 J 
42 . 13 .33 
43 . 00 . 00 
44 . 0(• ; . 00 
45 1 . 61 3. ee 
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107 COHFIGURATtOH1 L-DOWN 

ftO~EL FLOW RATE= 1000.0 CC/S 
"O~EL VELOCITY= 30.0 CM/S 
LEHGTH SCALE=tQO.O 

MEAN MEAN 
SA"PLE COHCEHTRATIOH COHCEHTRATIOH 

POI HT PERCENT PERCENT 
( l'IODEL > <PROTOTYPE~ 

4 . 03 . 07 
5 . 0¢ . 0¢ 
6 .00 . 00 
7 . 14 . 33 
s 
9 3. E0 6 e.ss 

10 4. 31 9.%. 
11 4. 85 1 1 . 14 
12 5. £5 12.83 
13 5. 40 12. 31 
14 
15 5. 43 12.38 
16 4. 12 9.55 
17 3. 58 8.37 
18 2. 97 £. 4)9 
19 2. 66 6.29 
2~· 1 . 66 3.99 
21 
22 3. ?S 0.81 
23 

j. 53 24 8.27 
25 2. 29 5.45 
26 3. 51 8.21 
27 3. 79 e.e3 
29 1. 34 3.24 
29 2. 84 f,. 72 
30 2. 77 E.. 55 
31 2. 07 4.95 
32 1 . 06 2.SS 
33 . 19 . 46 
34 . 03 . 08 
35 2.97 6.99 
36 2. 24 5.33 
37 2.05 4.Be 
30 2. 25 5.36 
39 2. ¢5 4.89 
40 1. 97 4. 11 
41 1 . l (j 2.65 
42 . 23 . 56 
43 . ¢4 . 10 
44 .01 . 02 
45 2. 01 4.81 



172 

i (18 C 0 N F I G IJ R A Ti 0 N ; B-UP 

t·! 0 [• E L F L 0 Iii rt' f< T E :: 1 C• Cd) ~· C C / :::; 
MODEL VELOCITY= 30.0 CM!S 
LENGTH SCALE=lOO.O 

Ht::AN i1 EF1r~ 
SA MF LE COMCEMTRATION C 0 NC EtlT RA T I 0 N 

P:JIMT P Eft' C ~r~ T P~RCEIH 
•.: i1 0 Ci E L ;. (fROTOTYFEi 

4 . C•t) . c,;. t) 
r:: . 00 . 00 
" G . <:.C• . 00 
7 . C•3 . 07 
G . C1 6 16 
Q . (;2 . 0, .,. 

1 :.~ . C• 1 . (•2 
11 . (;4 . 11 
12 . 31 .76 
13 1 . 01 2 45 
14 1 ~~ 3.74 
15 " (•4 4 88 ' lG '" 1'1" 4.82 .<. • .<. 
1 7 1 ~4 4.65 
1 £: 1 . 74 4. 1 7 
1~ 1 . 54 3.71 
2~c 1 . 2C• 2.89 
21 . 3<;l . ~5 
22 1 . 75 4 . 19 
23 1 . 50 3. 61 
24 
25 . 41 1 . 00 
2b . ~·5 . 13 
27 . 01 .02 ... " . (•(• • I,.~ r.) .:.o 
29 1 . 69 4.05 
3(1 1 . 71 4. (•9 
31 1 . 58 3. 74) .. " 1 . 44 3.4& .!-~ 
-: 7 1 . 14 2.75 .., " 
34 . 2b .65 
35 1 . e.5 3.~7 
36 1 . 56 3.7& 
37 1 . 58 3 . 81 
3S 1 . 6(1 3.84 
41 1 . 33 3.20 
42 1 . 4(• 3.38 
43 1 14 2.76 
44 . 7(• 1. 70 
45 . 24 .60 
4b . (t 1 .03 
47 1 . 37 3.2~ 
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RUN ~WMBEF. 109 CONFIGURATIOHI 8-UP 

MODEL FLOY RATE= 1000.0 CC/S 
MO~EL VELOCITY= 30.0 C"/S 
LENGTH SCALE=100.0 

11E AN f1EAH 
SA HP LE COHCEHTRATIOH COHCENTRATIOH 

POI HT PERCENT PERCENT 
CMODEL> CPROTOTYPE > 

4 . 00 .00 
5 .00 . 00 
6 . oc- . 00 .., . (1(1 . 00 c e . 02 .04 
9 . 54 1. 32 

10 .08 . 19 
11 .51 1. 24 
12 1. 48 3.5, 
13 1 .17 2.82 
14 1 . 51 3.63 
15 3.80 9.SS 
16 3. CJ3 '. 14 17 3.69 8.60 
ie 2 . (: 1 4.80 
19 1 . 25 3.02 
2(; . 76 1. 86 
21 . 27 .66 
22 3. 1 s 7.41 
23 2.0S 4.9b 
24 
25 .85 2.06 
26 . e9 2. 17 
2? . 80 1.94 
2e . 16 . 39 
29 1. 24 2.99 
30 1 . 38 3.32 
31 .99 2.3~ 
32 --, . ( ..., 1.78 
33 .54 1. 33 
34 .32 . 70 
35 1 . 60 3 . 84 
36 .CJ6 2.32 
37 1 . 10 2 . 66 
38 1 . 19 2.88 
41 81 1. 97 
42 . 82 l. 99 
43 60 1.47 
44 .31 . 75 
4~ .09 .21 
46 . 00 . 00 
4? 84 2 04 
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i;'UN NUMBER 1 1 0 C 0 N F I G UR A T I 0 H : 8-UP 

MODEL FLOl:J RATE= 11:00C1 .o C C/S 
11 OD EL VELOCITY= 30 0 CM/S 
LENGTH SCALE=100 .0 

MEAH MEAN 
SAMPLE CONCENTPAT ! ON CONCENTRATION 

POINT f-'ERCEl'!T PERCENT 
(MODEL) <PROTOTYPE) 

4 . 00 .00 
5 .00 .00 
6 . ~·O . 00 ., . <> !) .00 I e . 01 . 03 
9 . 27 .67 

11) . 11 . 26 
11 . .,.. ., . ,_ . 53 
12 1 . 11 2.68 
13 . es 2. 13 
14 . "1 2.21 
15 1 . 78 4.2b 
16 1 . 52 3.67 
17 1 . 43 3.45 
1e 1 . 22 2. "f, 
19 . 98 2.37 
2() -., . (..., l. 79 
..... 1 
~- . 38 . 92 
22 1. 57 3.70 
23 1. 89 4.52 
24 
25 . 5C• 1. 21 
26 . 39 . 96 
27 .37 . 90 
2e . 06 . 15 
29 . 72 1. 75 
30 . eo 1. 94 
31 . 71 1. 72 
32 . 62 1. 52 
33 . 49 1. 19 
34 . 32 . 79 
35 . 82 2.00 
36 . £.o 1.47 
37 . 62 1. 51 
38 . 60 1. 47 
41 . 48 1 . 17 
42 . 47 1. 15 
43 . 43 1. 05 
44 . :u .77 
45 . 13 . 32 
46 . (10 . 01 
47 . 47 1. 14 
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RUH NUMBER 1 11 CONFIGURATION: 8-UP 

NODEl FLOW RATE= 1000.0 CC/S 
MODEL VELOCITY= 30 . 0 CM/S 
LENGTH SCALE=lOO.O 

t'IEAH "EAH 
SAMPLE CONCENTRATION CONCENTRATION 

POI ~lT PERCEHT PERCE HT 
(110r>EL> <PROTOTYPE> 

4 . 04 . 10 
5 . (II) • Ci I) 
6 . 00 .00 .. . 1)4 . c)g ( 

e . 1 e .45 
9 . 75 1. 82 

10 . 35 . e5 
11 . !S7 1. 38 
12 .49 1. 19 
13 . 4b 1. 1.2 
14 . 46 1. 12 
15 
16 . ee 2. 15 
17 .82 1. 99 
18 5 . 31 12. 12 
19 . 4? 1. 14 
20 . 35 . 65 
21 .47 1. 14 
22 . 70 1. 71 
23 . 78 1. 90 
24 
25 . SS 1.35 
26 . 30 1 . 21 
? .. .. t .43 1. 04 
2e . 22 .53 
29 . 61 1. 48 
.3(• . 57 1 . 30 
31 . 44 1. Ob 
32 . 40 . 90 
33 .37 . 91 
34 . 17 .42 
35 . 69 1.69 
36 . 59 1 . 44 --. .:.1 . 54 1 . 3.2 
30 . 59 1 . 43 
41 . 54 1. 33 
42 . s 1 1 . 25 
43 . 41 1. 01 
44 . 24 . 58 
45 . 03 . <:•S 
46 . 01 . 02 
47 . 53 1.29 
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RUN NUMBER 112 CON FIG UR AT I OH : B-UP 

110D EL FLO!il RATE= 1000.0 CC/S 
MOC•EL 't'ELOC ITY= 3 (l . Q c 111 s 
LENGTH ~.CALE=lOO .C• 

MEAH f'IEAH 
SAMPLE CONCENTRATIOtl CONCENTRATION 

POI MT PERCENT PERCENT 
<MODEL) <PROTOTYPE> 

. . 11 ? .. 
"t . _, 
I; .¢3 .07 ., .. . 17 .42 ~ 

7 . 35 . 8~ 
s . 51 1. 24 
a . 45 1. 09 •. 

10 .31 . 75 
11 .32 . 79 
12 . 33 .81 
13 . 37 . CJQ 
14 . 38 . ,3 
15 . 23 .57 
16 . 41 1. 01 
1 7 . 4 (,: . '' 18 . 40 .97 
19 . 39 . 95 
2C< . 37 • C) 1 
21 . 40 . 9 7 
22 .37 . 90 
23 . 32 . 79 
24 
25 . 23 .57 
26 . 24 .59 
27 . 24 .3e 
20 . 22 . 54 
29 . 39 . '' 3(• . 38 • C)2 
31 . 37 . 91 
32 .37 .90 
33 .35 . 65 
34 .30 .75 
35 . 37 . 90 
36 .37 .91 
37 .36 . 88 
38 . 35 . 8, 
41 . 34 .82 
42 3? . 78 . -
43 . 29 . 72 
44 . 22 . 54 
45 . 10 . 25 
46 .04 . 1 C) 
47 . 31 . 76 
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RUN NUMBER 113 COHF ICURATI OH: 

MODEL FLOfJ RATE= t 000. 0 C C/S 
MODEL VELOCITY= 30.0 CM/S 
LENGTH SCALE=tOO . O 

MEAN MEAN 
SAM!' l E CONCENTRAT t ON CONCENTRATION 

POI MT PERCENT PERCENT 
(MODEL) <PROTOTYPE) 

4 Q. 00 0. 00 
5 0 . ¢0 0. 00 
6 Q. 00 0.00 
7 0 . C•O (• . 00 
8 . 15 . 38 
9 12. 53 2 6. 05 

10 2.41 5.73 
11 8. 05 17.?2 
12 10 . 33 22 . oe 
1 3 11 . 89 24.91 
14 12.29 25.E.3 
15 9 . 98 21. 42 
16 5 . 07 13. 2<J 
1? 1 . 39 3 . 36 
1 e .43 1 . 04 
19 ., ., . _.., . 55 
20 .vs . 12 
:2 i t.) . ¢(• 0 . 1.'0 
22 S . 29 12.07 
23 . 95 :2 . (•6 
24 
25 11 . 39 24 . C•1 
2~ 10 . 72 22 . eo ....... S.06 1 7. i'4 ~: 

2S 2. 77 €,. 55 
2·~ 1 . 29 3. 12 
3C~ . 72 1. 76 
31 . 35 S"' . ' 32 . 17 .41 
33 .05 . t 3 
34 () . 0<) 0 . 00 
35 . <J 1 2.20 
36 1 . ¢4 2.53 
3? 6 '' 1. 52 
~c 
·-• •J . t. 9 1 . 60 
41 1 ?'=\ . -. 3. 12 
42 . f.J 1 . 53 
43 . 41 1. 00 
44 .22 . 54 
45 . t)9 . :2 1 
46 O. Ov v. ¢0 
47 . 5(• 1 . 22 
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11 ~ CC!H lCl.!~ATl C~: B-UP 

MODEL FLO~ RATE= 1000.0 CC!S 
MODEL VELOCITY= 30.0 CM/S 
LENGTH SCALE=100.0 

MEAN MEAH 
SAMPLE CONCENTRATION COHCEHTRATtOH 

POINT PERCENT PERCENT 
(l'IODEL) <PROTOTYPE) 

4 . 00 . 00 
5 .03 . 0 i' 
~ . 24 . 5, 
7 . 3 i' .,0 
e . 45 1. 10 
9 . 5:5 1. 34 

10 . 3, . CJ6 
11 . 38 . ,3 
12 . 38 .93 
13 . 40 ·'" 14 . 41 1. 01 
15 
16 . 41 1. 01 
1 i' . 41 1. 01 
18 . 41 1. 00 
19 . 40 . ,8 
20 . 40 .97 
21 . 38 . 94 
22 . 45 1 . 10 
23 . 4G 1 . 12 
24 
25 . 42 1. 03 
26 . 40 . '' 27 . 38 . 94 
28 . 38 . 93 
29 . 38 .92 
30 . ::n . 94 
31 . 37 .91 
32 . 36 . ee 
33 .32 . 77 
34 . 11 . 26 
35 . 40 .97 
36 . 35 . 85 
3 i' . 36 .89 
38 . 37 . 90 
41 . 32 . 79 
42 . 33 .80 
43 . 30 .73 
44 . u .47 
45 . 0:5 . 11 
46 . 02 .06 
4 i' . 32 .78 
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RUN NUf1BER 115 CONFIGURATION: 

MODEL FLO~ RATE= 500.0 CC/S 
MODEL VELOCITY= 30.0 CM/S 
LENGTH SCALE=100.0 

11E AN MEAH 
SH NP LE CON CE tHR AT I ON CONCENTRATION 

POINT PERCENT PERCENT 
t~IODEL> <PROTOTYPE> 

4 OC:• . 00 
s (1() . (10 
t. . (1() .0¢ 
7 (1(c (t ~' e C•O 00 
9 15 . 38 

t<:• 05 11 
1 l H• . 25 
12 . 82 l ~43 
13 
14 6. 55 1 4. 71 
15 7 48 1 r; . 59 
1~ 7 92 1 7. 4f, I 

1 7 .. . 49 1 6 . 61 t 

113 1 99 4 . 76 
!°:.I . 25 61 
2•.) (1(;1 . (•¢ 
21 (•(• . C•O 
2~ 7 87 17.35 
23 ? 23 t6 . c· ·~ 
24 c; 49 1 ·;i 50 •J • ... . 
25 S . 48 12 . 47 
26 91 2 . 22 
2? 13 .31 
2 :3 t.)5 12 
2·~ 7 '"' . 84 >3 . 94 
3r> ~ 39 7 H 
3 i. 23 2 . (•1 
7.'7. 1 5 '36 · ... •.:.. 
33 . 04 1 t) 
34 C• (• 00 
35 ., ·--:'1 .J • 0., 

.... 
0 . 35 

.~-~ .! . 87 1£,. 78 
7-r .. •: 2 53 r; . ()1 
38 .., . y7 

~· 7 13 
4i 2 . r'1•' • Ci 4 ';\6 
4;;: 1 1~C '=.•1 .. • 4 . 51 
43 ·:;it) 2. 19 
44 18 44 
45 :;.;:, 14 
4 (. C«; (c() 
4? 2 . :;.2 4 . ;34 
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1H C OH Fr G liR A TI OH : 8-UP 

MODEL FLOY ~ATE= 500 . 0 CC/S 
MODEL VELOCITY= 30.0 CM/S 
LENGTH SCALE=100.0 

MEAN MEAN 
·::AMPLE CONCEtlTRAT I OH CONCENTRATION 

POINT PERCENT PERCENT 
( MOC•EL :1 <PROTOT'l'PE> 

4 . 00 . 00 
5 . 0(• . 00 
~ . (: 1 .03 ., . 12 . 30 t e . 19 .48 
9 26 .64 

10 . 15 . 36 
11 . 14 . 35 
12 . 14 .35 
13 . 15 . 36 
14 . ft. . 39 
15 . 16 . 38 
16 . 15 . 38 
17 . 15 . 36 
1e . 14 . 34 
19 . 13 .33 
2<) . 13 . 33 
21 . 15 .36 
22 . 14 . 34 
23 . 14 .34 
24 . 29 . 70 
25 . 11 . 28 
26 . 10 .24 ., ., . CtS . 21) _, 
28 . (13 .08 
29 . 1 s . 43 
3C• . 17 .42 
31 . 16 .40 
32 . 1 f, .39 
33 . 15 .36 
34 . Q7 . 1 e 
35 . 17 .42 
36 . 16 .40 
3 i' . 16 .3, 
38 . 16 .40 
41 . 15 .37 
42 . 16 . 38 
43 . 14 . 35 
44 . 11 .2t 
45 .02 .05 
46 . 01 .02 
4? . 15 . 37 
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RUU NUMBER 11 7 COHF IGIJRATI OH: 

MO~EL FLOY RAT~= 707.o_CC/S 
MODEL YELOCITY= J0.0 CM/S 
LEHGTH SCALE=tO~ . O 

MEAN 11 E AH 
SAMPLE CONCENTRATION CONCENTRATION 

POI MT PERCEHT PERCEHT 
tMDDEL> <PROTOTYPE> 

4 . 00 .00 
5 . 01'.• . 00 

' . 00 . 00 ., . ()() .00 ' 8 . (i 0 .0¢ 
9 4 . 27 9.SS 

10 . 00 .00 
11 2 . 00 4.77 
12 6.06 13.74 
13 7 . 9? 17.~~ 
14 10. 1(• 21. 65 
15 12.63 26.23 
16 13 . 42 27.60 
17 12 . 47 25.95 
18 1 . 72 4. 12 
i ·~ . 12 .29 
20 . (:(; . 00 
21 . 00 .00 
.! c: 14 . 20 28.94 
23 12 . 36 25.7, 
24 7. 17 15.CJf, 
25 7 . SS 17.39 
26 5. 74 13.03 .... ,.., . es 2. 14 ~' 28 . 00 . 00 
2'3 b . 17 13.93 
30 S . Sl 12 . 55 ., ' . 98 2.33 ·J 1 
.:..if. . 10 . 2, 
33 . 04 . 10 
34 . vO . vO 
35 6 . 05 13.6S 
36 4.43 11'). 24 -., .!11 4 . 02 9.35 
7C 
""' 4 . 56 10.52 
41 3. 14 7 . 39 
42 2. f:(€, 1£,. 74 
43 1. 3b 3.29 
44 . 1 7 .42 
45 . (•5 p . ~ 

4b . vO . C•O 
47 2 . 98 7. (• 1 
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RUN NUMBER 1 18 CQNF IGLIRATI OH: B- UP 

MODEL FLOY RATE= 707 0 CC/S 
MOC•El VELOC !TY= 30 1'.1 ·Cl1/S 
LENGTH SC~LE=100.u 

Me'. AN l'IEAH 
SAMPLE CONCENTRATIOH CONCENTRATION 

POINT PERCENT PERCENT 
(MODEL) ( PROTOn'PE > 

4 . vO . QO 
5 . (•(.~ . 00 
6 . ¢ 1 . c)4 
? ' 1 b .38 
e . 2e . 69 
9 ' 40 . 99 

1 c; . 25 • E- 1 
11 . 25 . r;o 
12 . 21 . 52 
13 .20 .48 
14 . 21 . 51 
15 . 21 . 52 
16 . 23 . 56 
17 . 23 . 57 
1e . 23 . 56 
19 . 23 . 55 
20 . 22 . 54 
21 .23 . 55 
22 ,, ., .57 . c..., 
23 .23 . 57 
24 
25 . 19 . 48 
2E. . i e .43 
? ., _, . 14 . 34 
2e . oe .20 
29 .27 .66 
30 . 27 . E-5 
31 . 26 .63 
32 . 25 . 62 
33 . 24 . 58 
34 . 12 . 30 
35 . 2? .67 
36 . 25 . 62 
37 . 25 .62 
:::e . 27 . 65 
41 . 23 . 59 
42 . 24 . 54' 
43 . 23 . 55 
44 . 16 . 39 
45 . 02 .05 
46 . 01 .03 
47 . 24 . 59 
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RUN tlUMBEF. 119 CONFIGURATION: 

MODEL FLOW RATE= 1414 . 0 CC/S 
MODEL VELOCITY= 30.0 ·CM/S 
LENGTH SCALE=100.0 

MEAt4 "EAH 
SAMPLE CONCENTRATION CONCENTRATION 

POINT PERCENT PERCEtH 
CMOl>EL) (PROTOTYPE) 

4 . OQ . 00 
5 . 00 . 00 
e .01 . 03 
9 11 . 69 24 . ~6 

l 0 .02 . 05 
11 5 . 43 12 . 38 
12 9 . 53 20 . 57 
13 16.25 32.30 
14 21 . 02 3,.56 
15 26 . 66 4 7. 21 
a 2CJ . 36 50.55 
1 i' 25 . 62 4~.86 
18 1 . et 4 . 45 
19 . 13 . 32 
2() .03 . oe 
., 7. 
-"" 25.58 45 . 81 
24 14. 80 29.93 
25 14 . 67 29. 71 
26 10 . 56 22.50 
27 7 . 71 17.04 
28 4.02 c;I . 34 
29 12 . 31 25.66 
3r,1 11 . 14 23.56 
31 1 . 37 3 . 2~ 
7"' .., " . 13 . 31 
34 . 02 .05 
35 11 . ~o 24 . 94 
3b S.89 19 . 35 
37 B . 54 18 . 68 
38 e.s1 18.62 
41 6. 50 14 . 60 
42 5.93 13 . 43 
43 2 . 34 5 . 57 
44 . 16 . 38 
45 .05 . 11 
46 . 03 . O? 
47 s. 77 13 . 09 
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RUtl MUMBO' C 0 N F I G UR A TI 0 N : B-UP 

MODEL FLOY RATE= 1414.0 CC/S 
MODEL YELOC!TY= 30 0 CM/S 
LENGTH SCALE=l OO. O 

ME: AH i1 E AN 
SA MF LE CONC~NTRATION CONCENTRATION 

POINT PERCENT PERCENT 
<'MIJvEL> (FROTOTYPE;. 

4 . ~·(;· . (11) 

7 . 01 . 02 
8 . SS 1. 42 
9 1 . 19 2.87 

1 t) . 74 1 . 81 
1 1 . 73 1 . 77 
12 . 52 1. 2 i' 
13 .61 1. 40 
14 . 63 1. 53 
15 . e1 1 . 98 
16 . 79 1. ~3 
17 . 77 1.88 
1B .4S 1 . 1 i' 
19 . 46 1. 11 
2Ct . 44 1 . 1.'7 
21 . 48 1. 17 
.... I'\ . 72 1. 75 Lr:... 
23 . 72 1. 75 
24 
25 . 51 1. 25 
2b .45 1 . (l<J 
27 -- .81 . ..:-~ 
29 . 19 .4S 
29 . 70 1. ' ' 30 .€,2 1. 52 
31 . 49 1. 21 
32 . 49 1. 19 
33 . 49 1. 20 
34 . 28 .69 
35 . 69 1. £8 
36 . fJS 1. 58 
37 . 62 1.51 
38 . 58 1. 42 
41 . 55 1. 34 
42 .52 1. 26 
43 .44 1. 07 
44 . 23 .57 
45 . (11 .¢3 
46 . (t2 .Ct4 
47 . 56 1. 38 
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RUN NUMBER 121 COHFIGUIHtTIOH: 

MODEL FLOY RATE= 2000.0 CC/S 
MD~EL YELOCITY= 30.0 CHIS 
LEHGTH SCALE=tOO.O 

MEAN '1EAH 
SAMPLE COHCENTRATIOH CONCENTRATION 

POINT PERCENT PERCENT 
(MODEL> (PROTOT'l'PE> 

4 . 00 . 00 
5 . 00 .00 
6 .00 . 00 
"T . 00 . (10 ' e 13 . 53 27. 7, 
9 1 a . 16 35.30 

10 ~.u 12. 7~ 
11 10. 54 22.46 
12 
13 22 . 39 41 . 51 
14 29 . 11 50.24 
15 3i'.54 59.65 
16 35 . 31 1 i' 57.31 
le 2 . 48 5.88 
19 . 04 .09 
20 . 00 . 00 
21 . ¢0 .. (r 0 
22 39.4, '1. 59 
23 34 . bC• 56.54 
24 
25 19. 75 37. 70 
26 13 . 14 2 7. 11 .... ,.., 9. 30 2 0 . 14 '' 28 s . 00 11. 4, 
2';\ 1 & . £4 32.92 
30 15 . 50 31. 09 
31 1 . 32 3. 19 
32 . c)4 . 10 
33 . 00 . ¢0 
34 . (,J(j . 00 
35 Hi . 73 33.0i' 
36 12 17 25 . 41 
3 i' i 1 . 19 23 . t.5 
3B 11 . ~4 25 . 00 
41 9. 31 2 C•. 1 b 
42 e. 48 18.56 
43 4 . 2? 9 . 89 
44 . 14 . 35 
45 . (•0 .Ot 
46 01;. . 00 
4 i' i' 78 1 7. 1 s 
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122 CONFIGURATION: B-UP 

MODEL FLOW RATE= 2000.0 CC/S 
MODEL VELOCITY= 10 0 CMIS 
LE ti G "f H SC ALE== 11:< (,• . 1.1 

MEAN MEAH 
SAMPLE CONCENTRATION COHCENTRAT ION 

POINT PERCENT PERCE~lT 
CMOC•EL> rpRQT01''PE > 

4 t• 1 . 04 
5 . C•t:• .00 
6 . 01 .01 
7 . 02 .06 
8 . 38 .c;3 
9 1 . 53 3. 6 i' 

1<:• 1 . 09 2 . 63 
1 1 1 . 29 3 . 12 
12 . 95 2.32 
13 . 93 2.25 
14 . 95 2.30 
15 1 C•7 2.58 
16 . 89 2 . 15 
1 i' 1 . 09 2.64 
te eo 1. 94 
19 . 81 1 . 9 '7 
23 1 . 15 2. 77 
24 2 . 61 t. . 18 
25 . 89 2 . 15 
2b . 82 2 . C)Q 
27 . 84 2 . 05 
2S 1. 45 3.48 
29 . <;9 2.40 
3t• . 95 :2 . 31 
31 . 86 2. 10 
32 . SC• 1.914 
77 . 79 1.91 .. ,..,, 
34 .57 1. 38 
35 1 . 04 2 . 51 
36 . 95 2.31 
37 . 95 2.2, 
32 . 91 :2. 20 
41 . 86 2.04) 
42 . 83 2.03 
43 . 77 1. 88 
44 . 43 1.05 
45 . 05 . 13 
4b . 03 . 08 
47 . et 2. oe 
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RUH HUMBER 123 COHF ICLIRATI OH: 

HODEL FLOW RATE= 1000.0 ~C/S 
MO~EL VELOCITY= 30.0 CHIS 
LENGTH SCALE=100.0 

t'IEAN "EAH 
SAMPLE CONCENTRATION CONCENTRATION 

POINT PERCEHT PERCENT 
I'. MODEL) <PROTOTYPE> 

4 . 00 . 00 
~ .00 .00 
6 . 00 .00 
7 .02 .0, 
e e.66 18. 91 
9 11 . 36 23.98 

10 7 . 19 16.01 
11 9. 34 20.21 
12 10.21 2 t. 86 
13 8.87 19.32 
14 7. 09 1~.80 
15 
16 1 . 79 4.28 
17 .99 2.39 
1e . 37 .92 
19 . 21.~ .50 
20 . oe . 19 
21 .00 . 01 
22 3. 55 e.3o 
23 5. 58 1 :2. £9 
24 
25 S.£3 18.85 
26 9. 13 19.82 
27 7.SG 1£.75 
28 6. 32 14.23 
29 .41 .99 
3C• .4e 1. 17 
31 . 24 . bQ 
32 . 12 .2e 
33 . 04 . 1 Q 
34 . 00 . 00 
35 1 . 04 :2. 53 
36 .35 . es 
37 .43 1. Of:i 
38 . 81 1. 97 
41 3.53 8.26 
42 3. 16 7.42 
43 2 . 17 5. 1 i' 
44 . so 1. 23 
45 .06 . 16 
4~ . 00 . 01 
47 2. 54 b.03 
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f<IJM NUMBER 124 COHFIGIJRATIOH: 8-UP 

MODEL FLOY RATE= 1000.0 CC/S 
MO~EL VELOCITY= 30.0 CM/S 
LENGTH SCALE=100.0 

MEAH MEAN 
SAMPLE CONCEMTPAT I OM CONCENTRATION 

POINT PERCENT PERCEtlT 
(l'IODEL:O (PROTOTYPE> 

4 . Ot~ .00 
5 . 00 .00 
6 . OC• . 00 .. . 04 .09 I e . 5~ 1.45 
9 . 6b 1 . 60 

11:• . 36 . 09 
11 . 39 .93 
12 .37 .89 
13 . 4 () .98 
14 . 41 1.00 
15 
16 . 41 1. 00 
17 . 41 1. 00 
1e . 41 1. 00 
19 . 41 1. (,\() 
20 . 39 . 96 
21 . 38 .93 
22 . 42 1. 03 
23 44 1. 07 
24 
25 . 42 1. 03 
2' . 41 1. 00 
27 . 39 .96 
28 . 37 . 91 
29 . 38 .93 
3C• . 37 .90 
31 . 35 .87 
32 . 34 .82 
33 .27 . '' 34 .07 . 16 
35 . 35 . 87 
3tr 77 . 81 . ..... ..., 
37 .33 . 80 
38 . 32 . 79 
41 . 30 . 74 
42 . 29 . 70 
43 . 26 . 64 
44 . 17 . 41 
45 . (•b . 14 
46 . 03 . 07 
47 . 2e . 67 
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RUN NU M E!E.F. 125 CONFIGURATION: -

MODEL FLOU RATE= 1000.o : cc/S 
MODEL VELOCITY= 30.0 CM/S 
LENGTH SCALE=tOO.O 

f'l~AH t'IEAH 
SAMPLE COHCEHTRATIOH CONCENTRATION 

POitH PERCENT PERCENT 
(MODEL> (PROTOTYPE> 

4 .. "(,i • C)C) 
5 .. 00 . 00 
t . 0(1 . 00 
7 . (11 .ot 
e .02 .03 
9 4. 49 t (I. 36 

10 .01 .02 
11 4.29 9.93 
12 5. 79 1:::. 13 
13 
14 4. 1e ,.70 
15 
16 2. 31 :5. :50 
17 1 . 46 3 . 52 
18 . 76 1. 84 
19 . 41 1. 00 
20 . 22 .53 
21 . 03 . 08 
22 1 . ,4 4.63 
23 2. 40 5. 71 
24 
25 3. '' 

,.20 
26 4 . 47 10.32 ., .. _, 4.24 ,.82 
28 1 . 71 4. 10 
29 .7b 1. 85 
30 .56 1. 3, 
31 .33 . 80 
-~ .20 . 49 .:.. " 
33 . 11 .26 
34 . 01 .03 
35 .44 1. 08 
3, ,,4 1. 5, 
37 .45 1. 10 
38 . 33 .81 
41 .47 1. 14 
42 . 36 .87 
43 . 30 .73 
44 .22 .54 
45 . 1 C• .25 
46 . 02 . 04 
47 .25 .£1 
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RIJM NUMBER 1 26 CONFIGIJRATIOH: B·UP 

MO~EL FLOY RATE= 1000 . 0 CC/S 
MODEL VELOCITY= 30.0 CM/S 
LENGTH SCALE=tOO.O 

MEAN ME AN 
SAMPLE CONCENTRATION CONCENTRATION 

POINT PER CHIT PEFC:ENT 
(MODEL) <PROTOTYPE> 

4 .. 00 . 00 
5 · . OC• .00 
~ . oe . 19 .. .28 . 6? I e . 37 . ~o 
9 . 70 1. 70 

1 I) . 43 1. 0, 
11 .47 1 . 16 
12 . 49 1. 19 
13 . 48 1. 17 
14 . 47 1. l' 
15 
H . 50 l. 21 
17 . 52 1. 26 
1B 
19 . 51 1. 25 
20 . 48 1 . 19 
21 . 43 1. ()6 
22 . 53 1. 30 
23 . 52 1 . 26 
24 

1.2i 25 . 50 
26 . 46 1. 13 
27 . 36 . 89 
2e . 0£ . 15 
29 . 40 .98 
30 . 42 1. 03 
31 . 40 .98 
32 . 37 .90 
33 . 28 . 69 
34 . 05 . 12 
35 . 45 1. 09 
36 ~ 37 . 89 
37 . 39 . 9~ 
30 . 40 .97 
41 . 34 . 83 
42 . 34 . 83 
43 . 30 .74 
44 . t e .44 
45 . 03 . 08 
46 . 04 . OCJ 
47 . 34 .84 
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RLIH HUl"IE!EF. 127 COttFtGllRATIOHI 8-UP 

MODEL FLO~ RATE= 1000.0 ~CC/S 
MOOEL VELOCITY= 30.0 . C"/S 
LENGTH SCALE=tOO.O 

MEAN MEAN 
SAMPLE CONCENTRATION COHCENTRAT ION 

POINT PERCENT PERC.EtH 
(110DEL> CPROTOTVPE > 

4 . 00 . 00 
5 . 00 .00 
6 . 00 . 00 .. . (14 . 09 ' e . 41 1. 00 
9 1 . 74 4. 18 

10 . ,0 2. 18 
1 ! . 71 t.72 
12 .88 2. 13 
13 1 . 48 3. :55 
14 1 . 70 4.07 
15 2. 11 5.03 
16 2.43 ~.76 
17 2. 23 5.30 
18 1 . 41 3.40 
19 1 . (• i 2.44 
20 . 70 1 . 71 
21 . 09 .23 
22 1. 77 4.24 
23 . SC• 1 . 93 
24 
25 . 89 2 . 15 
2~ . '1 z. Z1 
2? . ~9 :2 . 40 
2e 1 . 16 2. eo 
29 . 79 1. 92 
3<) . 82 1. ~9 
31 . 72 1. 75 
32 . 63 1. 55 
33 . 44 t. 08 
34 . 04 . 10 
35 . 74 1 . 79 
37 . e.e l. 66 
3S . ~s 1. 58 
41 . 54 1. 31 
42 . 51 1.2, 
43 . 36 . 89 
44 . 07 . 1 7 
45 . 01 .02 
46 . (11) .00 
47 . 51 1. 25 
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l'"IJN l'lUMBER 128 CON FIG IJR AT I OH : B··UP 

MODEL FLOW RATE= 1000 0 CC/S 
MODEL VELOCITY= 30.0 CM/S 
LENGTH SCALE=!OO.O 

11EAN l'IEAN 
SAl1PLE CONCENTRATION CONCENTRATION 

POINT PEli'CENT PERCENT 
,· MOC• EL ) tPROTOTVPE > 

4 . ~·O . 00 
5 . O(c . 00 
6 . 02 . (If, 
7 . OC• .00 
e . 50 1. 22 
9 . 22 .53 

10 . 33 . 80 
11 . 34 . 84 
12 . 37 • C} 1 
13 .42 1. 02 
14 .46 1. 17 
15 . SC• 1. 21 
16 . 52 1. 27 
17 . 57 1. 38 
18 . 55 1. 35 
19 . 52 1 .,.., . _, 
20 . 45 1 . 1 (I 
21 .28 . £8 
22 .57 1. 40 
23 .se 1.42 
24 
25 .£1 1. 49 
26 . 53 1. 30 
27 . 55 1. 34 
20 . se 1. 41 
29 . 45 1. 10 
30 . 46 1. 13 
31 .'44 1. 08 
32 . 41 1. 01 
33 . 34 . 84 
34 . 10 .25 
35 . 48 1. 16 
36 . 41 . 99 
37 . 41 1. 01 
38 . 41 1. 01 
41 . 37 . 89 
42 . 36 . 87 
43 . 28 . 68 
44 . 1e . 45 
45 . 00 .01 
46 . . 0 c;. . 00 
47 . 35 .85 
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12~ CONFIGLIRATIOH: B··UP 

"OD EL FL OW RATE• 1000.0 CC/S 
l'1 Of> EL VELOC ITYz 30.0 Cft/S 
LENGTH SCALE=tOO.O 

ftEAH "EAH 
SAMPLE COHCEHTRAT I OH CONCENTRATION 

POINT PERCENT PERCE HT 
(MODEL> <PROTOTYPE> 

4 . 24 . 58 
5 .28 . 70 
~ . l4 .83 ... . 71 1. 72 c e . t.3 1. 53 
9 . 23 . se 

1 c; . 32 . 7, 
11 . 34 .83 
12 . 38 . ~4 
13 . 39 ·'' 14 . 41 1. 01 
15 . 43 1. 0£ 
16 . 46 1. 13 
17 . St 1 . 2:S 
1e 
19 . so 1. 23 
20 . 49 1. 1 C) 
21 .48 1 . 1 7 
22 c:-..... ( 1. 40 
23 . SC• 1. 22 
24 . 49 1. 20 
25 . 50 1. 23 
26 . 43 1. 06 
27 . 42 1. 03 
26 . 41 1. 00 
29 . 37 .90 
30 . 30 . 92 
31 . 36 . SB 
32 . 34 .84 
33 . 31 . 7, 
34 . 16 . 40 
35 . 38 . 93 
36 .34 .83 
3 i' . 34 . 83 
36 . 34 . 02 
41 . 32 . 79 
42 . 30 -., . ( ., 
43 . 07 .16 
44 . 1 c; . 46 
45 . (.\9 . 22 
46 07 . " . O~ 
47 . 29 . ? 2. 
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Rlll-i t~UMBER 130 C OH FI CUR AT I OH : B· ·UP 

M Ot• EL FL O~l RATE= 1000.0 CC/S 
M Ot• EL YELOCITY= 3 C•. C• Cl'I/ S 
LENGTH SCf:LE=tOO.O 

MEAN MEAN 
SAMPLE COHCEHTF.ATIO~I CONCEHTRATION 

POINT PERCENT PERCENT 
CMODEL> <PROTOTYPE> 

4 . 05 . 11 
5 . 19 .45 
6 .22 .54 
7 . 1 e .44 
e .25 . 61 
9 . 22 . 55 

10 . 41 1. oo 
11 . 42 1. 03 
12 .46 1. 11 
13 .47 1.15 
14 . 40 1.17 
15 . 48 1. 18 
16 . 4S 1.19 
17 49 1. 19 
1B . 47 1. 15 
19 . 46 1. 14 
26 . 45 1. 09 
21 . 46 1. 13 
22 . 47 1. 14 
23 
24 
25 . 37 . 'Jl 
26 . 32 . 7S 
27 . 30 . 74 
2S . 30 .73 
29 . 37 .91 
30 . 34 .83 
31 . 33 . eo 
32 . 31 .77 
33 .29 . 71 
34 .H . 34 
-: c: ., ., . eo ..,.., • '111/J 

36 .32 . 78 
.:.· { . ;::o .74 
38 .28 .69 
41 .29 . 71 
42 . 25 .62 
43 . 22 .55 
44 . 17 .43 
45 . 12 . 30 
46 
47 27. 14 47.e1 
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R LIN HUPIBEF. 131 COHF IGURIHI OH: A-·UP 

HOl>El F'lOY P.ATE= 1000.0 CC/S 
MOD EL VELOCIT'l'= 30.0 :CPl/S 
LEt-IGTH SCALE=100.0 

PIEAH "EAH 
SAMPLE CONCENTP.AT I OH CONCENTRATION 

POINT PERCENT PERCENT 
<MODEL> <PROTOTYPE> 

4 . 13 .33 
5 . 18 .44 
f, .21 .52 
7 .19 .44 e . 20 . 50 
9 .29 . 71 

1 () .36 .89 
11 .39 .93 
12 .42 1. 02 
13 .44 1. 09 
14 .46 1. 11 
15 .45 1. 1 () 
16 .43 1. 05 
17 .43 1. 04 
18 . 43 1. (15 
19 .44 1. 08 
20 . 46 1. 13 
21 .51 1. 2£ 
22 .45 1. 09 
23 
24 
25 . 41 1. 01 
26 . 39 .94 
2 i' . 38 .92 
26 .37 . c; C) 
29 .35 .85 
30 .34 .e4 
31 . 31 . 7 i' 
32 .27 .67 
33 . 19 .4, 
34 . 0 7 . 1 e 
35 .33 .81 
36 .30 .75 
37 . 30 .74 
38 . 30 . 72 
41 . 2£ . 64 
42 .25 .,2 
43 .22 ·'' 44 . 1' .39 
45 . 11 ? ., 

. - t 
46 . 07 . 1 f, 
47 . 24 .59 
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RUN NIHiBER 1 32 CONFIGURATION: A· UP 

MODEL FLO~ RATE= 1000.0 CC/S 
MODEL VELOCITY= 30.0 C"/S 
LENGTH SCALE=100.0 

SAMPLE 
P 0 I ~lT 

4 
5 
i 
7 e 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1e 
19 
20 
21 
22 
23 
24 
2~ 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
3? 
:.::e 
41 
42 
43 
44 
45 
46 
4 i' 

MEAN 
CONCEMTRATIOH 

PERCEHT 
<MODEL> 

. 18 

. 17 

. 21 

. 14 

. 23 

.42 

. 44 

.4? 

. 50 

. 50 

. 50 

. 51 

.51 

. 48 

.47 

.48 

.49 

.53 

.49 

.43 

.41 

.40 

.38 
• 3:5 
. 34 
. 25 
.19 
. 13 
.o~ 
. 33 
. 29 
. 27 
. 2£ 
. 25 
. 22 
. 21 
. 17 
. 14 
. oe 
. 24 

l'IEAH 
CONCEHTRATIOH 

PER CEtH 
(PROTOTYPE> 

. 44 

. 42 

. 51 

. 34 

. 56 
1. 02 
1. 09 
1. 14 
1. 21 
1.22 
1. 22 
1. 23 
1. 23 
1. 19 
1.16 
1. 19 
1. 21 
1. 29 
1. 1' 

1. 06 
1. (11 

. 97 

.93 . 8, 

.83 

.62 

.47 

. 31 

.13 

. 81 

. 70 

.65 

. 65 

.60 

. 54 

.53 

.41 

. 34 

. 20 

. 59 
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RUH NUl1BER 133 COHFIGURATIOH: A··UP 

HODEL FLOY RATE• 1000.0 CC/S 
MODEL VELOCITY= 30.0 C"/S 
LEHGTH SCALE=100.0 

MEAH "EAH SAMPLE CONCENTRATION CONCENTRATION 
POINT PERCENT PERCENT 

(MODEL> <PROTOTYPE> 

4 . 13 . 32 
5 . 12 . 30 

' . 19 .45 ..,. . hi . 39 I e . 25 . ,1 
9 . 35 .Sb 

1 0 . 37 • CJO 
11 . 37 .91 
12 .40 . 97 
13 .42 1. 02 
14 . 42 1. 04 
15 .43 1. (15 
16 .42 1. 04 
17 .42 1. 02 
16 
1 ':.' .42 1. 03 
20 .42 l. 03 
21 . 45 1. 10 
22 . 42 1. 02 
23 
24 
2S . J9 . 96 
26 . 40 . 97 
2? . 37 . 92 
2e:: . 3f. . 88 
2':! 7'' • ..., :! . 7( 
3(). -. . .:,. l . 75 
31 ., . . _ _, . 60 
-~ . 21 t: ·~ .:. .. ( . v~· 
3~ . 1 ~ . 3 €> 
34 . oe . 21 
3~, . :?9 . ?';. 
~:E. . :t ~- . E·4 
37 .25 . 62 
36 2·· . ~' . f.1 
4 1 ...... • e.. ~ . 5:i 
42 2·~ . .., . 5(; 
43 . ~·C· .H:i 
44 .H . 41) 
4~· . 13 .31 
4tf. . Oi' . 1 e 
4 :' . ?1 . 5:? 
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Rllli Nl!MBER 1 34 CON FIG IJI< A TI ON: K-DOWN (45°) 

MODEL FLO~ RATE= 1000.0 CC/S 
MODEL VELOCITY= 30 . 0 CM/5 
LEMGTH SCALF=t0n.~ 

ME AN MEAN 
SAMPLE CONCENHU:tT i !:Hi CONC£NH:11T IO~I 

POINT PERCEMT PERCENT 
t!'IODEL:O (PRO T 0 TYPE ;. 

4 . 00 .00 
5 .00 . (10 
6 . 00 . 01 
? . (14 . 10 
B . 05 . 12 
9 . 02 . (14 

10 . 00 . 01 
11 . 01) . (11 
12 . 04 . 10 
13 . 72 1. 75 
14 1 . 19 2.80 
15 2. 25 5.35 
16 2 . 61 6.64 
1 i' 2. 82 b.b? 
1e 2. 75 E.. 49 
19 2.64 b . :24 
20 2. 37 5. E.4 
21 . 1 i .2b 
22 2 . E.Cl E.. 30 
23 
24 
25 1 . 44 3.4? 
26 . 20 .49 
27 . 00 .00 
20 .00 . 00 
29 1. 95 4.66 
30 2 . 11 5.03 
31 1 . Si 4.34 
32 1 . 37 3.31 
33 . £ i 1.49 
34 . 01 .03 
35 2. 09 4.99 
36 1 . 75 4.20 
3? 1 . e 1 4. 34 
30 1 . '" 

4.55 
41 1 . 45 3 . 49 
42 1 . 53 3. £9 
43 1 . 07 2.59 
44 . 35 .es 
45 . 06 . 14 
46 . (i (I . oo 
47 1 . 52 3.65 
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RUN NUMBEF. COHF IGIJRATI OH: K-DOWN (450) 

MODEL FLO!d RATE= 1000.0 CC/S 
t'IOl>EL YELOCITY= 30.0 CMiS 
LENGTH SCALE=l00.0 

MEAN f'IEAH 
SAMPLE CONCEHTRAT I ON CONCEHTRAT YON 

FOi tlT PERCENT PERCENT 
<HOC.EL:• <PROTOT'tPE> 

4 .00 .00 
5 .00 . oo 
f, .00 . 01 ., . ()? . 17 t e . (13 .08 
9 . 01 . 02 

10 . (: 1 . 03 
11 .02 . 04 
12 . 10 . 24 
13 . 55 1. 34 
14 . 75 1. 84 
15 1 . 1 s 2.77 
16 1. 57 3.70 
17 1. 55 3.73 
18 
19 1 . 51 3.63 
2C) 1 . E· 1 3 . 86 
21 . 73 1. 77 
22 1 . 17 2.83 
:2 3 
24 
25 . ~7 1 . 63 
26 . (13 .07 
·)., .Oo . 01 _, 
28 . (10 .00 
29 1 . 14 2. 75 
3«) 1 . 21 2.93 
31 1 . 16 2. 8t) 
-: ~ 1 . 09 Z . E.3 ~· ... 
33 . CJO 2. t 8 
34 . oe . 1 9 
35 1 . 28 3. 10 
36 . 90 2.37 
37 1 . 06 2.se 
36 1 . 1 E- 2 . 79 
41 . 85 2. (t 7 
42 . 93 2.26 
43 . 1 7 .43 
44 . 52 1.26 
45 . 11 .28 
46 . 00 . 01 
47 . 9 7 2 . 36 
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RUH HUMBER 1 36 COHF ICllRATI OH: K-DOWN (45°) 

MODEL FLOW RATE~ 1000 . 0 CC/S 
MODEL VELOCITY= 30 . 0 CHIS 
LENGTH SCALE=tOO.O 

MEAU ME AN 
SAMPLE CONCENT!UtT i 011 CONCENTRATION 

POI MT PERCENT PERC:Et!T 
( M!.HtEL > <PROTOTYPE) 

4 . 00 . 00 
5 . 00 .00 
6 .00 .00 
7 .Ob . t 5 
e . 04 . 1 t 
9 .04 . t 1 

10 .00 . 01 
11 . 04 . 09 
12 .05 . 11 
13 . 19 .49 
14 . 30 .74 
15 .49 1 . 1 7 
16 . 70 1 . 71 
1 7 . 99 2.40 
1e 
19 . 89 2. t 6 
20 . 92 2.24 
21 1 . 08 2.60 
22 1 . 06 2 . 56 
23 
24 
25 .86 2.08 
26 . 19 . 45 
27 . 03 . 06 
2e . 00 . 00 
29 . 8£ 2.09 
30 .90 2. te 
31 .84 2.04 
32 . 77 1. e? 
33 . E.2 1. 52 
34 . 16 . 39 
35 . 94 2.27 
36 . 76 1. 85 
37 . 77 1. 88 
3e . 79 1. 92 
41 . £2 1. 51 
42 .66 1. 61 
43 . 17 .42 
44 .45 1. 09 
45 . 1 b .39 
46 .00 . 01 
47 . 68 

1. '' 
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RUH HUMBER 137 COHFIGURATIOHt X:-DOWN (450) 

HODEL FLOW RATE= 1000 . 0 ·CC/S 
"ODEL VELOCITYa 30.0 CM/S 
LEHCTH SC.ALE•lOO.O 

"EAH MEAH 
SA"PL E CONCEHTRAT I ON COHCEHTRAT ION 

POI HT PERCENT PERCENT 
<MODEL) CPROTOT'fPE;. 

4 . 00 . 00 
5 . 00 . 00 
b ' . 00 .oo 
7 . 07 . 17 a .05 . 11 
C) . 01 . (13 

10 . 00 .00 
11 . 01 . 02 
12 . 02 . 04 
13 . 26 . f>4 
14 . 31 .75 
15 . 36 . 87 
16 .43 1. 05 
1 7 . 57 1. 38 
13 ' 
19 . 52 1.27 
2() . 52 1. 2~ 
21 . E.9 1. £8 
22 .£S 1. &S 
23 
24 ..... c: . £3 1. 53 ,c,.., 
26 . 37 . 89 
27 . 03 . 06 
2S . OI) . O() 
29 . E·3 1. 53 
3() .£4 1. 55 
31 . se l . 41 
32 . 52 1. 26 
33 . 38 . ~2 
34 . 08 . 2() 
35 . £4 1.57 
36 . 55 1. 35 
37 . SE· 1.37 
38 . St. 1. 37 
41 . 40 1 . 1 e 
42 .4~ 1. 19 
43 . l('J . 24 
44 . 29 . 71 
45 .¢7 . 1 e 
46 . 00 .00 
47 .49 1. 19 
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RUH HUMBEP 1 38 C 0 N F I G LI R A T I 0 N : K-DOWN ( 4 S 0 
) 

MOOEL FLOW RkTE= 1000.0 CC/S 
MODEL VELOCITY= 30.0 CM!S 
LEHGTH SCALE=100.0 

ME: AN ME AH 
SAMPLE CONCENTRATiON CONCENTRHTION 

POINT PERCENT P£RC:£NT 
(MODEL;. <PROTOTYPE) 

4 . 00 . t.)0 
5 . 00 . 00 
6 . 00 . 00 
7 . 09 .22 s . 04 .09 
9 . 01 . 01 

1 !.) . 01 .02 
11 .03 .08 
12 . 15 .37 
13 . 28 .69 
14 . 35 .86 
15 . 41 l. 00 
16 . 45 1 . 11 
17 .45 1 . 11 
18 
19 .44 1. 09 
20 
21 .49 1. 21 
22 .45 1. 09 
-7 
<!." 
24 
25 . 40 . 'H 
26 . 15 .3? 
27 . 00 . 00 
2S . 00 .00 
29 . 50 1.22 
30 .49 1. 21 
31 .45 1. 11 
32 .40 .97 
33 . 27 .67 
34 . 06 . 15 
35 .49 l. 20 
36 . 4!5 1 . 11 
37 .45 1. 10 
38 . 44 1.07 
41 .40 . 99 
42 . 39 .96 
43 . 34 . e2 
44 . 21 .51 
45 . 06 . 15 
46 .00 .00 
47 . 38 . 92 
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RUH NUMBER 139 COHFIGURATIOH: IC-DOWN (45°) 

noD EL FL 06' RATE= 1000.0 CC/S 
"ODEL VELOCITY= 30.0 C I'll S 
LEHCTH SCALE=t00.1) 

l'IEAN f'IEAN 
SA"PLE CONCEHTRAT I OH CONCENTRATION 

POI HT PERCENT PERCENT 
<MOOEL) <PROTOTYPE> 

4 . 1)0 . 00 
5 . 00 .00 
b . . 00 . 00 
7 . 11 .27 
8 . 04 . 10 
9 . 00 • C) 1 

to . 00 . 01 
11 .02 . 05 
12 . 00 .20 
13 . 31 . 75 
14 . 34 . 83 
15 .41 1. 01 
16 .£2 1.So 
17 . 7£. 1. 06 
ts 
19 

i.74 2C' . 71 
21 .86 2.oe 
22 . so 1. 93 
23 
24 
25 . 51 1.2:5 
2£ . 21 .52 
27 .00 '. 00 
20 .00 . 01 
2CJ . £.e 1 . E-6 
31;1 .£9 1. 69 
31 . f,3 l. 55 
32 .5€. 1.37 
77 ·-·v .37 .~2 
34 .02 . 04 
35 . t~ l . E· 7 
36 . £1'.• 1.47 
-!· ( . E·2 1 . 51 
38 . 61 1. so 
41 .53 1. 30 
42 .54 1. 33 
43 . 50 1. 21 
44 . 37 .90 
45 11 .27 
46 . (•C• . 01 
47 . 55 1. 35 
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RLIN NLIME!ER C 0 N F I G I.! R A T I 0 N : K - DOWN ( 4 5 ° ) 

MODEL FLOW RATE= 5oO . O CC/S 
MODEL YELOCITY= 30 0 CM/S 
LENGTH SCALE=100 . 0 

MEAN MEAN 
SAMPLE CONCENTRAT I OH C:ONGEMTF.:AT !DH 

POI HT PER C Et!T PER CE tlT 
(MODEL> (PROTOT":'PE/ 

4 . 01 -') 

. "'"" 5 . 01 .62 
6 . 01 .03 ., . <>8 . 2(• I e . 06 . H 
9 . 04 . 11 

1¢ . 01 . 0 1 
11 . 01 .02 
12 . ¢4 ¢0 . " 
13 . 04 . 10 
14 . 05 . 12 
15 . 06 . 16 
H . 13 . 33 
1 i' ....... . 5.3 . .:.L 
1e . 22 .53 
19 . 2C• . 50 
20 . 22 .55 ..... .32 . 7~ .:. l 
22 . 28 . 60 
23 
24 
25 . 21 .52 
26 . 05 . 12 
27 . (t 1 .02 
2e . 01 . 02 
29 . 25 . 61 
3(s .27 .65 
31 .26 .63 
32 .25 . 61 
33 . 23 .57 
34 . 1e . 45 
35 ? ., .66 . _, 
36 . 25 . 6C. 
37 .25 . 60 
38 . 24 . 5'3 
41 . 21 .52 
42 . 21 . 51 
43 .u . 4 i' 
44 . 17 .41 
45 . lC• . 24 
46 .01 . 03 
4 7 . 2C• . 50 
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RUN HUMBER 1 41 CONFIGURATION: K-OOWN (45°) 

"ODEL FLOW RATEc 707.0.CC/S 
KODEL YELOCITY= 30.0 CHIS 
LENGTH SCALE=tOO.O 

HEAN i1 E AN 
S1111PLE COHCEHTRAT I OH COHCEHTRATION 

POI HT PERCENT PE:RCEtH 
<MOIJEL) <PROTOn'f'-E;. 

4 . 00 . 00 
5 . 00 . 00 
b . 00 . 00 
7 . 10 .24 
B . O& . 15 
9 . 02 . 06 

10 . 00 . 01 
11 . 01 . 02 
12 . 01 . 04 
13 . 14 . 3~ 
14 . 18 .45 
15 . 20 .49 
1f, .2, .65 
1 7 . 39 . 96 
18 . 38 . 93 
19 . 37 .90 
2t1 .41 1. 00 
21 . 57 t.3e 
"°'" .::..::. .4~ 1. 10 
23 .41 1. 01 
:24 
25 . 32 . 79 
26 . oa . 19 
27 . 00 . 0¢ 
23 . 00 . Ot> 
29 . 47 1. 14 
3t) .47 1. 14 
31 . 45 1. 09 
32 .43 1. 04 ---!-~ . ::.:e .93 
34 . 16 . 38 
35 . 45 1 . 11 
36 .41 1 . 0 1 
37 . 41 1.01 
3S . 40 .97 
41 . 35 .87 
42 . 35 . 85 
43 . 31 . 76 
44 . 24 .SS 
45 00 . 2 t 
46 (1(1 . 01 
47 . 34 . 83 



206 

1 42 COHFIGLIRATIOH: K-DOWN (45°) 

MODEL FLOW RATE= 1414 0 CC/S 
M 0 D E L V E L 0 C I T 'r' = .~ l' <) C 11 / S 
LENGTH SCALE=l00.0 

MEAN ME Ml 
SAMPLE C 0 N CE M T R A T I 0 t; C 0 N C E tlT R A T 1 0 M 

POI MT PERCENT FERCE:t1T 
(1101JEL:• (PROTOT1'FE> 

4 .00 . Q (: 

5 . 00 . Ot• 
fr . 0(, .00 
? .H• . 26 
e . ore. . 14 
9 . 02 . 06 

10 . 01;. . 01 
11 . (.\2 . 04 
12 . 03 .oe 
13 . 45 1.09 
14 . 56 1. 42 
15 . 68 1 . 65 
H 81 1. 9€, 
17 1 . 02 2.48 
1e 1 . 00 2.42 
19 c:I"' 2.35 .. ' 
2~J 1 . 01 2.44 
21 1 . 22 2.95 
.,~ 1 . 07 2.59 ...... 
23 . 96 2.32 
24 
25 .62 1. s::: 
26 . 32 . 7e 
2? . (.\(• . 01 ze . 0 0 . 0(J 
29 .97 2.34 
30 . 95 2.29 
31 . 86 2. (.\9 
32 . 78 1. 90 
33 . 56 1 . 3 i' 
34 . 09 .22 
35 . 88 2. 13 
3€, . 84 2.05 
3 i' . 81 1.97 
38 . 75 1. 82 
41 . 72 1. 7£ 
42 . 70 1 . 71 
43 . 59 1. 45 
44 . 33 .82 
45 . oe . 19 
46 . 00 .01 
47 . 66 1. b 1 
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RUN NUMBER 143 CONFIGURATION: K-OOWN (45°) 

"ODEL FLOW RATE= 2000.0 CC?S 
MODEL YELOCITV= 30 . o CM!S 
LEHGTH SCALE=100.0 

l'IEAH HEAN 
SAMPLE COHCEHTF.AT I OH CONCENTF.AT IO~~ 

POINT PERCENT PERCENT 
<MODEL;• <PROTOTYPE i 

4 . 00 .00 
c . 0 () . 00 .., 
6 . 01 . 02 
7 .H . 3C) 
9 . O? . 16 

' . 30 . 72 
10 . 14 . 34 
11 . 31 . 77 
12 . 32 . 78 
13 . eo 1. ,3 
14 . 88 2. 13 
15 1. 34 3.23 
16 1 . 91 4.56 
17 2. 05 4. 90 
18 
19 1 . e 1 4.35 
20 1 . 74 4. 17 
21 1. 95 4. e. 7 
22 1 . iJ2 4.59 
23 1 . 89 4.52 
24 
25 1 . se 3.81 
26 . 97 2.36 
27 . 27 . 66 
2a . 03 . 00 
29 1 . 6 7 4 . 00 
3C• 1 . 63 3 . 91 
31 1 . 36 3.28 
"l '' .;,.:!. 1 . 14 2 . 77 
33 . £.7 1. 64 
34 .OS . 11 
35 1 . £.6 4 . Cj() 
36 1 . 5~· 3.62 
37 1 . 43 3.45 
3S 1 . 43 3 . 45 
41 1 . 29 3. 12 
42 1 ., .. . _, 3 . 07 
43 1 . (•Q 2. 42 
44 . 45 1. 09 
45 . 07 . 1 7 
46 .00 . 01 
47 1 . 2E· 3.05 
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RUN HUf'lBEI( 1 44 COHF IGLIRATI OH: K-DOWN (45 °) 

MODEL FLOf.rl RATE= 
MODEL VELOC IT'f= 
LENGTH SCALE=tr.>O 

1C•00 0 CC/S 
3(:.i,1 CMIS 
C• 

MEAN ME Ali 
SAMPLE CONCENTRATION CONCENTRAT IO~l 

POINT PERCENT PER C:UH 
<MOt•EL;• <Pl"OTOTYPE> 

4 . c;:o . c;:c 
5 . 00 . 00 
~ . c;:o . O('s 
7 . OS .21 
e . 04 . 0 9 
9 . 04 . 10 

10 . 00 . 00 
11 . 01 . C•3 
12 .07 . 1 7 
13 . 1 a . 45 
14 . 23 .57 
15 . 35 . 86 
16 . 53 1. 30 
17 . 60 1.4b 
te 
19 . 58 1.40 
20 . E·O 1. 4 7 
21 . 7b 1. 85 
22 . 53 1. 30 
23 . 39 . ~5 
24 
25 . 29 . 72 
26 . 03 . oe 
2? . (•0 .00 
2e . 00 . 00 
29 . £ 1 1.49 
30 . E-2 1. 52 
31 . £0 1.46 
32 . 57 1. 30 
33 . 49 1 . :20 
34 . 15 . 38 
35 . 62 1. 52 
36 . 55 1. 33 
37 . 56 1. 36 
38 . 56 1. 30 
41 . 43 1. 05 
42 . 46 1. 13 
43 . 43 1. 0£ 
44 .,.-

• -.> ( . 91 
45 . 23 .57 
46 . 02 . 04 
47 . 48 1 . 1 7 
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RUH HUMBER 14~ CONFIGURATION: K-DOWN (45°) 

1101>EL FL Old RATE= 100(1 . 0 CC/S 
l'IOC.EL VELOCITY= 30.0 CM/ S 
LENGTH SCALE=tOO . O 

MEAN t1 E Atl 
SA"PLE COHCEHTRAT I ON CONCENTRATION 

POINT PERCEHT PERCENT 
<MODEL> (PROTor•tPE> 

4 . OQ . 00 
5 . 00 . 00 
6 . 01 . 01 ., . 09 . 22 r e . 03 . oe 
9 . SS 2 . 14 

1¢ . 50 1 . 22 
11 . 64 1.56 
12 . 74 1. 79 
13 . 74 1 . 81 
14 . 65 1. 59 
15 . '1 1.49 
16 . 58 1 . 41 
17 . 55 1. 34 
18 
19 . SS 1 . 33 
20 . 57 l. 38 
21 .!55 1. 33 
22 .49 1. 19 
23 . 44 1 . 67 
24 
25 . 3b .87 
2t- . 06 . 15 .-. ., . 00 . 00 -'"I 
2e . O~s . 00 
29 . 5(• 1.22 
30 . 51 1 . 23 
31 .47 1. 14 
32 .41 . <)9 
33 . 25 .£1 
34 . 02 . 04 
35 . 5(• 1.23 
36 . 46 1 . 12 
37 . 4 €. 1. 13 
38 .47 1. 15 
41 . 42 1. 02 
42 . 43 1. 05 
43 . 41) . 99 
44 77 ..... <J . BO 
45 . 13 . 33 
46 . 01 . 01 
4 i' .44 1.os 
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CO!iF IGIJRA1 I OH: K-DOWN (45°) 

M 0 C• H H 0 (·i F.' A 1f :· 
f10(;l:L l/i:lf.l t" i 't';'= 

1 C":) r;. . o OC C / S 
3 () ' (• ~· (: 11 / <:-. 

L E. H G 1 H S C ~: L F = 1 C• C• \,• 

m : · ~ Mt Ml 
SAMPLE C 0 H C I: rl I !-: f: ., : f! t: c 0 M I~ i: M 1 ~· k T ! 0 t: 
POI~ll 1-'fRC.tM ! p f ~· 1:· t !l 1 

C M Cl~•H :· ( F' ~ [' 't i_I) ':' i: i: ;. 

~ • <;1 (,! . ( • (. 
C' . OC• • ,~, :~< .J 

6 . 00 ' Ci (J ., 
' . 06 ' 15 
£! ¢7 . .., . <:•i' 
9 . (l 1 .02 

JC• . 01 . 02 
11 . 02 . C•4 
1 2 . 14 .3S 
13 .86 2. 0'3 
14 1 . 11 2. €. e. 
15 1 . 4 1 3. 40 
16 1 . 96 4 . 73 
1 7 2 . 1 () 5.02 
le. 2 . 0 l 4. BC• 
19 1 . B 1 4.33 
20 1 .26 3.05 
21 . 06 . 16 
22 2. 3E· 5. e.1 
23 
24 
25 2. 25 5. 3 7 
26 1 . 78 4. 2€· 
27 .89 2. 1 ~ 
28 . 00 . 00 
29 1 . 73 4. 16 
3C• 1 . E·6 4.00 
31 1 . 26 3.03 
32 . 78 1 . e. 9 
33 . 19 .46 
34 . 00 . 00 
35 1 . 59 3.83 
3€ 1 . !i3 3.69 
37 1 . 48 3.55 
38 1 . 45 3.48 
41 1. 25 3.01 
42 1 . 1 C) 2.e.e 
43 . 76 1. 89 
44 . 24 . ~·8 
45 .03 . <.'? 
4~ . 00 . 00 
4 i' 1 . 21 2.93 
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RUH NUMBEF.: 14? CONFIGURATION; K-DOWN (45°) 

MODEL FLOW RATE~ 1000 . 0 CC/S 
HD~EL YELOCITY= 30 . 0 CHIS 
LEHGTH SCALE ~ too . o 

11~ AN i'I f ~;N 
SAl'fPLE' CONCENTH1l JON CONCttil PAT IOM 

POINl PERCENT PE~'.CEri1 
< l'iOIJEL;, <FROl OT~'FE;, 

4 . Q II .QQ 
5 . 0 (I . 00 
b . 00 . O~· 
? . o~ . l4I 
8 . 02 05 
0 . 01 . 01 .; 

t~ . 01 .03 
1 l . 02 . 04 
12 . Of> . 1 s 
13 . 50 1.23 
14 . 70 l . 70 
15 . ,0 2. 18 
16 1 . 36 3.28 
17 1 . E·4 :.:: . ,3 
1 £ 1 . b 1 3. 87 
1~ 1 c. '7 3. E·' . "'.,. 
2t) 1 . 39 3 . 3~ 
21 . E·f· 1 . t• 1 
22 1 .n, 4 . :?., 
,.. 7 t. .... 
24 ,.. c: t. .... 1 . 5t· 3.7t 
26 1 . 02 2.46 
27 . ~:5 . e.5 . ...,,.. .o . (tr.· • C• !) 
29 1 ":'7 ......... 3. 20 
3•) 1 . 3.;. 3 . 14 
31 l .09 2. 64 
3? . a~· 1. ~4 
33 . 31 . 75 
34 . 01 . 01 
35 1. 29 3. 10 
3t 1 . 19 2. Si' -., 
.:. I 1 . 1 ~ 'l. 77 
38 1 . 1 ~. 2. i'B 
41 . ~f. 2 . 33 
42 . 9b •;o '2 ') 

- • ..;a .... 

43 . 72 1 . 74 
44 . ~·4 .59 
45 . o::: . 07 
4€ . Ct 1 . 01 
4? .97 2.36 
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R Li ti H ll M B E R 1 " e CONFJGIJRATION: K-DOWN (45°) 

MODH FlOiJ l''.RH= 1000.0 CC/S 
MODEL VEL.OClTY~ 30 0 fM/S 
L E H Ci 1 H ':: U1 L E == 1 O C• • C• 

ME flt~ ME AN 
Si:t MP l F C 0 N C ~ H H: ft 1 1 fH! C:ONCENT~'l11 JflN 

POI Ml PERCftl1 PfRCl:NT 
( MO!Hl) (f'F.~01ft1YPE > 

'4 . 00 . 0(• 
5 . 00 . or::· 
6 . 00 . <i C,• .., . 06 . 1 5 I 

0 . 04 . l 0 
9 . tc• . 24 

10 .02 .05 
1 1 . 3~ 86 
1 2 . 79 1 . 92 
13 1 :?.~ 3.02 
14 1 . 31 ::: . 1 i' 
15 1 . 41 3.39 
H 1 . 46 3.57 
ti' 1 . 34 3.24 1e . E·4 1 . 5~ 
19 . 55 1 34 
20 
2' 1 . 6 I) 1 .46 
22 1 . 1 i' ? . 83 
23 
24 95 2.30 
25 . 83 2.02 
26 . 41 1. 00 
27 . 04 . 1 !) 
2e .00 . 01 
29 1 . OS 2.62 
31) 1 . 01 2.45 
31 . 93 2.27 
32 . 84 2.04 
33 .57 1 . 40 
34 . 01 . 03 
35 1 . 02 2.4'? 
36 • CJl6 2.33 
3 i' . 90 2. 19 
3e . 89 2. H 
41 . 82 1. 99 
42 . 79 1. CjlJ 
43 . 59 1 . 43 
44 . 19 4 e 
45 .02 . 06 
46 . (t c) . 00 
4 i' . 79 1. 92 
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RUtl HUMBER 149 COHF IGIJRATI OH: K-DOWN (45°) 

HObEL FLO~ RAT£= 1000.~ CC/S 
"ODEL VELOCITY= 30 . 0 CM/S 
LENGTH SCALE~100.0 

MEAN l'I E AN 
SA KP LE CONCENTRAT I OH CONCEHTRAT JON 

POI HT PERCENT PER C:E tfT 
<MODEL> (PROTOTYPE> 

4 • QC) . (JC) 
5 . 00 .00 
~ . (tQ . 0 (1 
7 . 04 . 1 l e . 01 . 04 
9 .00 . 01 

10 . 01 . 02 
l 1 . 02 . 06 
12 . Z2 . 54 
13 . 60 1. 4 7 
14 . E.fi. 1 . E·2 
15 . 71 1 . ?4 
16 . 71 1 . 74 
l 7 . 70 l. 6iJ 
1e 
19 . E.~ 1 . 61 
20 . E.t 1 . 40 
-:,. . 
- 1 . ~· 1 1 . 23 
22 . E·(• 1 . 47 
23 
24 
·')I: 
;;.,.,J . 38 9'" . ' 26 . 04 . 11 
27 . 01 . 03 
2e . (t(i . 00 
29 .53 1 . 31 
30 . so 1 . 23 
31 5~· l . 23 
32 .49 1.20 
33 .45 t . 11 
34 . 15 . 30 
35 . 4S 1 . 18 
3E. . 4B 1 . J€ . 
37 . 45 1 . 11,;. 
30 .44 1 . 0 i' 
.q .41 1 . 00 
42 . 3'.3 . 94 
43 . 04 . 10 
dd . 22 . 53 
45 • OE:. . 15 
4 f. . (l(J . 01 
47 . 38 93 
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~UN NliMBER 1 5<} CONFi r. u c .;;TJON ! I - DOWN (45°) 

"ODEL FLOW RATE= 000 0 :c ; s 
110 D E l Y E L 0 C ! T Y = 1;. l': r 11 : ". 
LENGTH SCALE~1~0 

11E n N ME HM 
SA MP l E COHCEHH'fiT [ U!l CONCEtlTR~T ION 

POINT PERCEtlT PER CEtlT 
( MO()El :• (f'ROTOn'PE :1 

4 . 00 . OC.• 
5 . 00 . 00 
e. . 00 .00 .. . 03 .07 t 

e . 04 . o~ 
9 .02 05 

10 . 00 00 
l 1 .00 . ()t) 
12 . 03 . 06 
13 . 21 .52 
14 . 36 .e7 
15 . 45 1. H• 
16 .47 1 ' 1 e. 
1 i' . b5 1 . 59 
18 
19 . 74 1 . 8(• 
21) . e.s 2.06 
21 . 03 2. t.'2 
22 . 78 1 . c;io 
23 
24 
25 . 51 1. 25 
26 . 24 .59 
2i' . 00 . t.\O 
26 . 00 .00 
29 . 82 1. 99 
3t) . 81 1. ~e 
31 . 79 1 . 91 
32 . 76 1 . 84 
33 . ,8 1. bb 
34 . 25 . 61 
35 . 77 1. 87 
3 e. . 76 1. es 
37 . 75 1. 83 
30 . 70 1 . 71 
41 . 67 1. b2 
42 . E· E. 1 . E.1 
43 . l>O 1 . 4 7 
44 .47 1 . 14 
45 . 17 .42 
46 . 00 . 00 
4 i' .£4 1. S5 
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RUH HUMBER 1 51 CONF ICURATI OH 1 I-DOWN (450) 

"OOEl FlOW RATE= 1000 . 0 CC/S 
"ODEL VELOCITY= 30 . o CM/S 
LEHCTH SCALE;lOO .O 

HEAN i1 E AN 
SA "p LE COHCENH'.AT I Otl C:ONCENTR~T ION 

POINT PERCElH PERCE HT 
CMOtrEL) <PROTOTYFE ; • 

4 . (l !) . 00 
5 . ¢0 . 00 
b . 00 . 00 
7 . 06 . t 4 
~ . 00 ., 1 
~ . 14 ~s 

1 =.) . o~ c;1~ 

11 . 26 . E.3 
12 . 97 2. 12 
13 1 . 42 3.42 
14 1 . 61 3.SG 
15 1 . e e. 4.46 
16 1 . ~B 4.72 
1 7 1. ~H 4.E-5 
18 
1~ 1 . El 1 4. 34 
20 1 . 39 3 . 36 
21 . ¢8 . le 
22 1 . 1)1) 4.~5 
23 
:?4 
25 1 . 36 3 . 2e 
:?& . 04 2 . 05 
27 . 2t. . E.2 
2S . (I() . 0 () 
29 1 . E.e 4 . ¢4 
31.) 1 . £.~ 3 . 9e 
31 1 . 51 3.64 
32 1 . 23 2.96 
33 . 40 .99 
34 . 01 . (12 
35 l . ~·5 3.74 
3b 1 . 56 3 76 
37 1 . 51 3.63 
38 1 . 49 3 59 
41 1 . 25 3 . 1)2 
42 1 . 25 3 . ¢3 
43 . e. 7 2 12 
44 . 21 51 
45 . 0 2 04 
46 oc• c•O 
47 1 . 25 3.01 
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RUN NUl'IE!ER 1 S2 C OH FIG IJR AT I ON: H- DOWN (45°) 

MODEL FLOW RATE= 1000.0 CC/S 
MO~EL VELOCITY= 30.0 CM/S 
LENGTH SCALE~too.o 

MEAN I'! E AN 
SA MP LE CONCENTRATIOtl CONCENTRATION 

POINT PERCENT PERCENT 
(MODEL:• (PROTOTYPE ;1 

4 . r!O .00 
5 . 00 .00 
f, . 00 .01 
7 . 08 . 20 
e .03 .oe 
9 . 03 .07 

1 (j . 01 . 02 
11 . 01 .03 
12 . 08 .20 
13 . 27 .67 
14 . 3f, .ee 
15 .67 1.62 
H 1. 2~ 3. 10 
17 1. 41 3. 41 
1e 
19 1 . 29 3. 10 
20 1 . 13 2. 7' 3 
21 . SB 1. 41 
22 1 . 35 3.25 
23 
24 
25 . 46 1. 12 
26 . 25 .62 .,., _, . 05 . 11 
2e . 00 .00 
29 . 9S 2.30 
30 1 . OS 2.53 
31 . 89 2. 1b 
32 . 75 1.82 
33 . SS 1.34 
34 .07 . 1 e 
35 1 . 05 2.55 
36 . 86 2. 1 G 
37 . 89 2. 17 
30 . ,1 2.21 
41 . 74 1. 79 
42 . 7f, 1. 05 
43 . £7 1.£2 
44 . so 1. 23 
45 2b .64 
46 . 02 . 04 
47 76 1. S4 
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RUH HUMBER t 5 3 CONFIGURATIO~: H-DOWN (45°) 

trnl>EL FLOW !".ATE= 100~.0 CC/S 
"ODEL VELOCITY= 30.0 " CM/S 
LEHCTH SCALE~lOO.O 

MEAN 11 E AN 
SAMPLE CONCENTRATIOH CONCENTRAT IOH 

POINT PERCE!H PERCENT 
<MODEL:• <PROTOTYPE; 

4 . 00 . <)Q 
5 . (IC) .00 
b • <,\() . 01 
7 . 07 18 
8 . 03 .07 
':I . 02 . 05 " 1 :~ . 00 . 01 

1 1 . 02 . 04 
12 . 05 . 13 
13 . 3(i . 74 
14 . 53 1. 30 
15 1 14 2. 76 
H 1 . 84 4. 4 1.) 

17 1 . ~e. 4 . 70 
18 
1 ?- 1 . 52 3. €0 6 
2(< 1 . 34 3.23 
21 . E·5 1 . 59 .-..""\. 
~~ 1 . 11 ;2 6 ·~ 
23 
24 
·'!:; ,.., . 24 . 59 
2b . 05 . 12 
27 Y1 . 03 ....... "\ 
~o . C•O . 00 
29 1 --. .:, . .:, 3.21 
3t) 1 . 3 i 7 ..., . 15 
31 1 2(J 2.89 
32 1 . (18 2.61 
• .. •'It.I . ee 2 . 14 
34 11 . :2 6 
-:' c: 1 . 24 3.01 ·-· ._. 
3b 1 . 2 0 2.89 
~·I 1 1 7 2 . 82 
3S 1 13 2 . 73 
41 . ~C3 2 . 41 
42 99 2. 4~' 
43 19 . 4b 
44 7; ...... ...., . 82 
45 . (J s 12 
46 . ~·O . () 1 
4..., 
. ' . 99 2 39 
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