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Introduction

651 Walsh Partners, LLC (WP LLC) is proposing to develop the Walsh Backup Generating Facility
(WBGF). The backup generating facility will utilize 32 three-megawatt (MW) diesel fired
generators along with 54 rooftop air cooled chillers. The proposed WBGF site encompasses 7.87-
acres and is located at 651 Walsh Avenue in Santa Clara, California. The property is zoned Heavy
Industrial. The site is currently developed with a one-story 171,259-square foot warehouse
complex and associated paved parking and loading areas. The Norman Y. Mineta San José
International Airport is located approximately 0.3 miles east of the site.

Based on the stack parameter data, an analysis of the potential plume characteristics from the
routine operation the diesel engines and rooftop chillers on vertical winds was prepared and
compared to the California Energy Commission (CEC) significance criteria of 5.3 meters per second
(m/s) for the average vertical plume velocities as described below.

Atmospheric Dynamics, Inc. (ADI) prepared a screening level plume vertical velocity assessment
which are based on the calm wind Spillane methodology outlined in the “Aviation Safety and
Buoyant Plumes” paper (Peter Best, et. al., presented at the Clean Air Conference, Newcastle,
New South Wales, Australia, 2003). This methodology is also recognized as a screening tool for
aviation safety set out by the Australian Civil Aviation Safety Authority (CASA) and presented in
“AC 139-5(1) Plume Rise Assessments (CASA, 2012)".

The aim of this screening assessment is to conservatively determine the potential for turbulence
generated by the diesel engines and rooftop chillers waste heat exhaust plumes. Part 139.370 of
the Australian Civil Aviation Safety Regulations (1998, 2004) provides that CASA may determine
that plume velocities in excess of 4.3 m/s is or will be a potential hazard to aircraft operations.
The Manual of Aviation Meteorology (Australian Bureau of Meteorology 2003) defines severe
turbulence as a vertical wind gust velocity in excess of 10.6 m/s. The assumed critical vertical
velocity used as a CEC significance threshold is 5.3 meters per second* (m/s) but it should be
noted that the basis of the original CASA derived threshold of 4.3 m/s has been lost in antiquity
and that CASA no longer relies on the 1998 and 2004 regulations that established this critical
threshold other than to note that a more rigorous analysis, which includes site specific
meteorology, should be used if the 4.3 m/s and 10.6 m/s screening thresholds are exceeded. The
screening method uses absolute worst-case assumptions of calm winds and neutral atmospheric
conditions for the entire vertical extent of the plume to determine these worst-case impacts. It
should be noted that these results are extremely conservative in that these worst-case conditions
typically only occur during a few hours each year.

The Spillane methodology is generally applied to a limited number of plume source geometry’s
(turbines, power plant boilers, etc.) with the stacks arranged linearly (in a single straight-line) and
separated by distances that typically exceed the individual stack diameters. For the diesel
engines, this assumption was maintained. Only one engine stack was modeled consistent with
the normal operational testing schedule of the emergency generator engines. For the chiller
assessment, a conservative assumption was made in order to use the Spillane methodology on an
atypical chiller plume configuration, which is made up of 54 chillers arranged on a two-
dimensional surface. Here, the methodology, as described below, assumed that all sixteen chiller
cells for each chiller were merged into a single stack with an effective diameter based on the
combined area of all sixteen chiller cells. In other words, a single stack was assumed to initially
describe the release parameters of the combined chiller cells in each of the 54 individual chillers.
*For the Puente Power Project (Docket#15-AFC-01, TN#213674, 9/15/2016), “CEC staff ... concluded that an average velocity of 5.3 m/s is the appropriate velocity ...

[for a plume velocity threshold].” The CEC staff “Plume Background Threshold” attached to the docketed document concludes with “...[CEC] staff will use 10.6 m/s peak

vertical plume velocity as the new threshold. The altitude at which a plume would have a peak vertical velocity of 10.6 m/s would be the same altitude at which a
plume would have an average vertical velocity of half that, 5.3 m/s.”



The effective plume diameter is appropriate for each individual chiller based on the close
proximity and arrangement of the sixteen chiller cells.

Screening Methodology and Vertical Plume Velocity Calculations

The Spillane methodology is based on worst-case calm wind neutral stability conditions to assess
the average plume vertical velocity as a function of height. The methodology is based on well-
verified laboratory and theoretical treatments of the rise and spread of a buoyant jet, both into a
still ambient environment and into a light crosswind. This treatment covers in detail the initial
dynamics of the plume as it exits the stack and the entrainment of ambient air into the plume as
it rises directly above the stack. In addition to providing clarifications and algebraic solutions to
the Spillane methodology, the 2003 Peter Best paper provides additional methodologies that also
consider the enhancement of vertical velocities that may occur if the plumes from multiple
identical stacks merge and form a higher buoyancy combined plume (referred to here as the
enhanced Spillane methodology).

The vertical plume assessment will involve several stages of development. For individual plumes,
the stages are:

(a) In the first stage very close to the stack exit, the high plume momentum will result in a
short section in which the conditions at the center of the plume are relatively unaffected
by ambient and plume buoyancy conditions. This jet phase extends from the stack exit to
approximately a distance of 6.25 D above the stack (where D is the stack diameter) in
calm conditions. At the end of this stage, the plume-averaged vertical velocity has
decreased to half of the stack exit velocity, with a corresponding increase, or doubling, in
effective plume diameter.

(b) In the second stage, the plume responds to differences between ambient and plume
buoyancy conditions, with much cooler and less turbulent ambient air being entrained
into the plume from the outside regions of the plume towards the plume centerline. The
momentum and buoyancy of the plume significantly influences plume rise and
subsequently the dilution of the stack exhaust to decrease plume vertical velocities. This
dilution is very sensitive to ambient wind speed, so the calm wind conditions considered
here are extremely conservative.

(c) In the third stage of plume development, plume rise is due entirely to the buoyancy of
the plume and continues from some distance until there is an equalization of turbulence
conditions within and outside the plume. This final rise is often only achieved at
considerable heights/distances from the stack where the effective average vertical
velocity is then close to zero. Since there is very little turbulence and near-zero vertical
velocities, this stage of plume development is usually not considered for this type of
analysis.

In the second stage of development, the analytical solution of the governing equations under
these conditions is given by:

a=0.16(z-z,)
V={(Va)o?+0.12Fo [ (z - zv)?-(6.25D - zv )*]} * / a
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Where the subscript ‘0’ refers to values of the parameters at the stack outlet and the variables
are:

a plume radius (m)
average vertical velocity (m/s)
z height above stack top (m)
Zy virtual source height (m)
D stack diameter (m)
Fo buoyancy flux evaluated at the stack outlet (m?s?3)

These are the two primary equations governing the growth of a single plume in the second stage
of development under neutral calm wind conditions. Additional equations governing the first
stage of single plume development as well as the interaction of multiple plumes in the second
stage of development are discussed in detail in the Best paper.

For multiple stacks in the enhanced Spillane methodology, the equations governing the second
stage are calculated from the point when the plumes begin to merge until they are fully merged.
The plume merging begins at the height where the plume diameters equal the stack separations
and the plumes are fully merged at the height where the plume diameters are equal to 2d(N-1)/2
for three or more stacks or 2d for two stacks. At the fully merged height, the merged plume
diameter and velocity is enhanced by the fourth root of the number of stacks. Above the fully
merged plume height, the enhanced plume diameter and plume velocities follow the regular
equations given for the second stage. Below the fully merged plume height for the merging phase,
plume velocities are linearly interpolated by height from the single plume velocity at the height
where the plumes begin to merge to the enhanced plume velocity at the fully merged plume
height.

Vertical Plume Velocity Calculations for the Diesel Engines

The WBGF is comprised of 32 individual large diesel emergency generator stacks, arranged as 16
double stacked units. The 33™ diesel emergency generator is smaller than the other 32
emergency generators, which would have lesser plume vertical velocities, and therefore was not
considered further. Generator stack parameter data (plume exit velocity, plume exit temperature
and stack exit diameter) were provided by Cummins. Only one (1) engine will be tested during
any one hour. While the engines will be tested at minimum loads, the 100 percent load case was
utilized for the worst-case plume analysis. For the engine analysis, two ambient conditions were
considered: 41.0°F, the minimum monthly mean of daily minimum temperatures, and 84.3°F, the
maximum monthly mean of daily maximum temperatures for the San Jose Airport (“Climatology
of the United States No. 81 — Monthly Station Normals of Temperature, Precipitation, and Heating
and Cooling Degree Days 1971-2000 — California”, February 2002, and “Climatology of the United
States No 20 — Monthly Station Climate Summaries, 1971-2000 — California”, February 2004).
These data is summarized in Table 1.

1 2
41.0 84.3
0.5588 0.5588
44.96 44.96
716.48 716.48



16.03 16.03
21.06 19.91

Screening level vertical plume velocity assessments were made for two ambient temperatures
with calm winds and neutral atmospheric conditions for the cases presented in Table 1 which are
based on 100 percent load. The results based on the two ambient conditions are presented in
Table 2 and the output from the calculation spreadsheet provided in Attachment A.

The initial jet phase extends to a height of about 64 feet above grade level (ft-agl) for both cases.
After the jet phase, plume temperature buoyancy characteristics modeled in the Spillane
methodology cause a uniform decrease in plume-averaged vertical velocities, with the critical
plume-averaged vertical velocity of 5.3 m/s occurring at about 92 ft-agl for Case 1 and about 93
ft-agl for Case 2. Again, the plume-averaged vertical velocities are shown in the spreadsheets
provided in Attachment A.

1 2
41.0 84.3
1.32 1.30
92.2 92.9

These screening results indicate that mechanical and thermal turbulence levels due to the flow
from the diesel engine always remain in the light turbulence category and below the significance
level of 5.3 m/s at all heights above about 100 ft-agl. Even light wind speeds can dramatically
decrease the predicted plume-averaged vertical velocities so the above results are very
conservative indications of adverse conditions. The important factor for a given location is the
appropriateness of available information for estimating true wind and temperature profiles
throughout a typical year. Theoretical calculations, as shown in the tables above, are likely to
overestimate the expected vertical velocities, for the following reasons:

e The wind profile is assumed constant with height with no occurrence of wind-shear when
realistically, there is a considerable variation with height, especially in light winds;

e Worst-case scenarios are based on very light-wind, near-neutral atmospheric conditions
with maximum loading.

Vertical Plume Velocity Calculations for the Rooftop Chillers

The 54 rooftop chillers are each comprised of 16 individual cells, with a cell fan diameter of 36.6
inches. Thus, the 54 chillers are generally arranged six along the longer building length (averaging
49 feet between adjacent chillers) by nine along the shorter building width (averaging 27 feet
between adjacent chillers). Chiller stack parameter data (exit velocity and temperature) were
provided by the applicant. An effective stack diameter for all sixteen cells was utilized for each
chiller. The chillers will utilize variable speed fans and the number of fans that are operational
are dependent upon ambient temperature and plant load. However, to be conservative, all



chillers/cells were assumed to be operating at full load. These data is summarized in Table 3 for
the same ambient temperatures used for the engine analysis.

1 2
41.0 84.3
3.7186 3.7186
9.82 9.82
289.26 313.32
30.30 30.30
12.79 11.81

The Spillane methodology was originally developed to treat multiple individual stacks that are
arranged along a linear x or y direction, but not both directions at once, with stack separations
much greater than the stack diameters, typical of boilers/turbines at large power plants. As noted
above, the 54 chillers are generally arranged in a 6 x 9 pattern. Therefore, the enhanced Spillane
methodology was based on calculating the total merging height for the largest linear direction of
chiller placements (which is six chillers spaced 49 feet apart along the longer length of the
building). All 54 chillers were considered in the calculation of vertical velocity plume
enhancement (both at and above the totally merged height, and for the interpolation down to
the plume touching height. Again, the effective single stack diameter of each chiller was based
on the combined 16 cells.

Screening level vertical plume velocity assessments were made for the same ambient
temperatures with calm winds and neutral atmospheric conditions as was done for the
emergency generator engines. The results are presented in Table 4 and the output from the
calculation spreadsheets are provided in Attachment A.

The initial jet phase extends to a height of about 176 ft-agl for both cases. The critical plume-
averaged vertical velocity of 5.3 m/s occurs in the jet phase at about 170 ft-agl for both cases.
The plumes touch (begin to merge) at about 254 ft-agl and are fully merged at about 867 ft-agl
for both cases. Under the enhanced Spillane methodology, the merged plume-averaged vertical
velocities never approach 5.3 m/s (either above the totally merged height or when interpolated
down to the touching height).

1 2
41.0 84.3
175.7 175.7
3.20 3.16

From these results and for each ambient condition, the vertical plume velocities are less than the
threshold value of 5.3 m/s for all heights above about 175 ft-agl and above for the chillers. The
heights at which plume-averaged vertical velocities exceed 5.3 m/s only occur during the jet phase
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for both cases. These cases also represent worst-case conditions of calm winds at all levels of a
neutral atmosphere.

These screening results indicate that mechanical and thermal turbulence levels due to the flow
from the chillers always remain in the light turbulence category and below the significance level
of 5.3 m/s at all heights above about 175 ft-agl. Even light wind speeds can dramatically decrease
the predicted plume-averaged vertical velocities so the above results are very conservative
indications of adverse conditions. The important factor for a given location is the appropriateness
of available information for estimating true wind and temperature profiles throughout a typical
year. Theoretical calculations, as shown in the tables above, are likely to overestimate the
expected vertical velocities, for the following reasons:

e The wind profile is assumed constant with height with no occurrence of wind-shear when
realistically, there is a considerable variation with height, especially in light winds;

e \Worst-case scenarios are based on very light-wind, near-neutral atmospheric conditions
with maximum loading.



Attachment A
Spillane Method Plume Velocity Calculations
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MERGED (along lenglh} Plume Average Verlical Velocities for Walsh Chillers using CEC Slaff Methodology - Winter Min*
“Aviation Safety and Buoyant Plumas,” Peter Best, ot. al.
"The Evaluation of Maximum Updraft Speeds for Calm Conditions at Varicus Heights in the Merged
Plume from Two Gas-Turbine Power Station at Dakey, Quaensiend, Australia,” Dr. K.T. Spillane

Ambient Conditions:

Conslants: Assume neutral conditions (dBidz=0 or 8,=8,)

Ambignt Potential Temp 8., 278 15 Kelvins 41.0'F 0.3048 meters/feet
Plume Exit Conditipns: Gravity g 981 mys?
Stack Height h, 30 30 metars 29 512 feetinches A 111
Individual Stack Diameter D 3.71858 melers 148 4 inches Ay ~10
Stack Velocity Vo, 982 mis 32 22 firsec AVali (60D
Individuel Volumatric Flow 106.68 cumfses 226,000 ACFM MV Sect.2mM1
Stack Potential Temp 8, 289.26 Kelvins 610 °F
Initial Stack Bueyancy Flux F, 1278 m's® 20.0 AT{*F} gV,D?(1-8,8,1/4 = Vol Flow(ghm)(1-8,8,) Sect.2M1
Plume Buoyancy Flux F NiA mirs® KgVa*(1-8,/8,} for a. V.8, at plume height (see below)
ters 1 Calcs based on multiple plume weatment in Peter Best Paper:
plume velocities increasad by '™ at the height where plumes
fully mergead (intarp. below ht, single mergad siack above ht)
Gonditions at End {Top) of Jet Phase:
Height above Stack = 6250, meters*=meters above stack top Sect 3M1
Height above Ground z,+ N
Wertical Veloaity ¥ 1205V, =V, 2 !
Plume Top-Hat Diameter 2; - =20 Conservalion of momemum "
Spillane Mathodok - Analytical Sal far Calm Conditi for Plume Haights above Jet and Merging Phases
Single Plume-averaged Verlical Yelocily ¥ given by Analytical Solution in Paper where Product Va given by equations below:
Single Plume Values: Plume Top-Hat Radius 2 Used in Plume Merging Only a=0.16(z-z,). or inear ncrease with height Secl 2Eq8
Virtual Source Height z,, 0.451 metsrs* 1.5 fest” 2, = 8 25D[1-{848,)"], meters'=meters sbove slack p  Sect 2EQE
Height above Ground z,+h, 30.753 melers 100.9 feet where (8460 = (8,8,)"= 0.9806
Single Plume Values: Vartical Veloeity V Used in Plume Merging Only {iva),’ + 0.12F, [ {z-z) - 6.25D2, '™/ & Seat 2.1{8)
Product (Val, 17.908 mss Vel DR2YB/6,) ™
Plume Merging - Based on Single Plume Calculations where: Sect 3M3

Begin Merging Plume Top-Hat Diameter 23,0 14 940 melars
Height above Stack z,,
Height above Ground g1
Vertical Velocity V,,
Totei Merging Plumne Top-Hat Diameter 2z
Height above Stack z
Height abave Ground z,4
Vertical Velacily

Product (V'a), 84 ms®

28155, {OF 15,5012}
+d4(27°0.16), meters’=meters above stack top

480 feet

a={Val" + 002F, [ (zarzd) - (62502 " Fay

Genditions at End {Top) of Merging Phase - Define new values for y,, and a,, in Merged Plums caloulations fhased on TOTAL numbsr of stacks)

Merged Plume Values:  Plume Diameter 2a
Revised Menged Plums Radius

Revised Merged Plume Velocity '
Revised Virtual Source Hsight :

Revised Vertical Velocity ¥

Muitiple Plume Calcuiations
Sotve for plume-averaged verlical velacity at height 940.0 feet
Gives the following Height abeve Stack z 256.210 metars”
Plurne Top-Hat Radius & 104.820 meters
Werlical Velocity v 3198 mis

Salve for Height of CASC critical vertical velocity V., 5.30 mis
Find Height above Stack 2z, JET metars
Height above Ground z., +hy JET meters

Table of MERGED Pluma-Averaged Vertical Velocities starting at Touching Height:

Height (feet) (meters} Plume
ove stack Radius{m)

4715 7.470

4895 #Nia

280.0 5504 ENIA
300.0 &114 #MFA
3500 768.38 #NA
400.0 9162 #MIA
450.0 10886 ANIA
500.0 12210 #NFA
550.0 137.34 #NA
600.0 152.58 #NFA
850.0 167.82 wNIA
700.0 183.08 #NIA
213.54 FNIA

23390  101.249

244 02 102.869

1000.0 27450 107.746
1100.0 304 98 112,623
1200.0 33548 117.500
1300.0 BS54 122377
1400.0 0842 127,253
1600.0 42680 132130
2000.0 579.30 158514
25000 73170 180828
3000.0 884 10 205282
3500.0 1036.50  229.686
40000 118880 254 050
4500.0 13130 278424
5000.0 148370 302318

Solutions in Table Balow

Salutions in Tables Below

2a=2x{a; + 0.16{(z-z)), or linear increase with height

332.2 feet where &, = n” #a,, where Total Merging Occurs
10.62 fisec and V,, = 172V, where Total Merging Oteurs
7673 feet” Height above stack where Total Merging Occurs (shown above)

¥={n(v*aly,va}'"” for heights above total merging elevation
Y=V oun* (Vi Vie,on) " (2 Zenen MiZha Zienon)
for heights below total merging elevation

288,512 meters above ground (z+h,)
8406 feet* REGULAR EQNS
343.9 feet 273, +0.16(Z-Zy} If 2524y
10.49 fitsec veintvial,/a}'"? if 232
VMg o ¥ ¥aouond T FiouondZhur Branen} 1 Zicuen <2 <2
V=single plume values if 2<ty,.,
BEFORE TOUCHING Critical ¥V < Top of Jet.
JET fest Zoer = Ty + {0V ) FERHO. 6 I VoV
JET faet Ze = Buen*{ZuaZowent Wen ™Y icuend VaYioun) If Yem>¥en

Singe Plume Eqns (see Single Plume spreadsheet)
Y98, 0 12F (22,6 2502, L 2

a=0.16{z-z,)

0,20 1+{1-(BB 1 (VoD AV o8 ™AW}
interpolated Layer Egns

VN V- Viouon) (- ZeonsndZair Zauent

Verl.
Vel{mis)
271
27
273
275
279
283
2.88
292
296
301
305
3.09
318
124
322
317
312
308
3.04
300
286
2380
267
2.58
246
2.38
23
225

Merged Plume Eqns
v{n(viap,a)
a=a+0.18(z-1}

11
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MERGED (along lenglh} Plume Average Verlical Velocities for Walsh Chillers using CEC Slaff Methodology - Winter Min*
“Aviation Safety and Buoyant Plumas,” Peter Best, et. al.
"The Evaluation of Maximum Updraft Speeds for Calm Conditions at Varicus Heights in the Merged
Plume from Two Gas-Turbine Power Station at Dakey, Quaensiend, Australia,” Dr. K.T. Spillane

Ambient Conditions:

Conslants: Assume neutral conditions (dBidz=0 or 8,=8,)

Ambient Potential Temp €., 302 21 Kelving 843 'F 0.3048 meters/feet
Plume Exit Conditipns: Gravity g 981 mys?
Stack Height h, 30 30 metars 29 512 feetinches A 111
Individual Stack Diameter D 3.71858 melers 148 4 inches Ay ~10
Stack Velocity Vo, o082 mis 32 22 firsec AVali(B0MD?)
Individuel Volumatric Flow 106.68 cumfses 226,000 ACFM VD4 Sect.2mM1
Stack Potential Temp 8, 313.32 Kelvins 1043 °F
Initial Stack Bucyaney Flux F, 1181 m%s® 20.0 AT(F) GV,D?(1-8,8,1/4 = Vol Flow(ghm)(1-8,48,) Sect.2M1
Plume Buoyancy Flux F NiA mirs® KgVa®(1-8,/8,} for a.V.8, at plume height (see below)
ters 1 Calcs based on multiple plume oeatment in Peter Best Paper:
plume velocities increasad by '™ at the height where plumes
fully mergad (intarp. below ht, single mergad siack above ht)
Gonditions at End {Top) of Jet Phase:
Height above Stack = 6.250, meters*=meters above stack top Sect 3M1
Height above Ground z,+ N
Wertical Velaaity ¥ 1205V, =V 2 !
Plume Top-Hat Diameter 2; @ =20 Conservalion of momemum "
Spillane Mathodok - Analytical Sal far Calm Conditi for Plume Haights above Jet and Merging Phases
Single Plume-averaged Verlical Yelocily ¥ given by Analytical Solution in Paper where Product Va given by equations below:
Single Plume Values: Plume Top-Hat Radius 2 Used in Plume Merging Only a=0.16(z-z,). or inear ncrease with height Secl 2Eq8
Virtual Source Height z,, 0.418 metsrs* 1.4 fest” 2, = 8§ 25D[1-{848,)"], meters'=meters sbove slack p  Sect 2EQ6
Height above Ground z,+h, 30.718 melers 100.8 feet where (8760 = (8,8, "= 0.9821
Single Plume Values: Vartical Veloeity V Used in Plume Merging Only {iva),’ + 0.12F, [ {z-z) - 6.25D2, "™/ & Seat2.1{8)
Product (Val, 17.934 mss Vel Dr2)B/6,)
Plume Merging - Based on Single Plume Calculations where: Sect 3M3

Begin Merging Plume Top-Hat Diameter 23,0 14 940 melars
Height above Stack z,,
Height above Ground g1
Vertical Velocity V,,
Totei Merging Plumne Top-Hat Diameter 2:
Height above Stack z
Height abave Ground zy,4
Verlical Velacily

Product (V'a), 59 ms®

28155, {OF 81,5012}
+d4(2°0.16), meters’=meters above stack top

480 feet

a={Val" + 002F, [ (zarzd) - (62502 " Fay

Genditions at End {Top) of Merging Phase - Define new values for y,, and &, in Merged Plums caloulations fhased on TOTAL numbsr of stacks)

Merged Plume Walues:  Plume Diameter 2a
Revised Menged Plums Radius

Revised Merged Plume Velocity '
Revised Virtual Source Hsight :

Revised Vertical Velocity ¥

Muitiple Plume Calcuiations
Sotve for plume-averaged verlical velacity at height 940.0 feet
Gives the following Height abeve Stack z 256.210 meters”
Plurne Top-Hat Radius a 104.828 meters
Werlical Velocity v 3126 mis

Salve for Height of CASC critical vertical velocity V. 5.30 mis
Find Height above Stack 2., JET metars
Height above Ground z., +h, JET meters

Table of MERGED Pluma-Averaged Vertical Velocities starting at Touching Height:

Height (feet) (meters} Plume
ove stack Radius{m)

4742 7.470

4895 #Nia

280.0 5504 #NIA
300.0 &114 #MIA
3500 78.38 #NA
400.0 9162 #MIA
450.0 10886 ANIA
500.0 12210 #NFA
550.0 137.34 #NA
600.0 152.58 #NFA
850.0 167.82 wNIA
700.0 183.08 #NIA
213.54 FNIA

23387 101.249

244 02 102.875

1000.0 27450 107752
1100.0 304 98 112,629
1200.0 33548 117505
1300.0 36594 122382
1400.0 0842 127,250
1600.0 42680 132136
2000.0 579.30 1598520
25000 73170 180904
3000.0 884 10 205288
3500.0 1036.50 229672
40000 118890 254 056
4500.0 13130 278.440
50000 148370 3023824

Solutions in Table Balow

Salutions in Tables Below

2a=2x{a; + 0.16{(z-z)), or linear increase with height

332.2 feet where &, = n" #a,, where Total Merging Occurs
10.35 fusec and V,, = 172V, where Total Merging Oteurs
7672 feet” Height above stack where Tatal Merging Occurs (shown above}

¥={n(v*aly,a}'"” for heights above total merging elevation
Y=V oun* (Vi Vie, o) (22t YiZha Zienon)
for heights below total merging elevation

288,512 meters above ground (z+h,)
8406 feet* REGULAR EQNS
343.9 feet 273, H0.16(Z-Zy} if 2524y
10.24 fitsec veintvial,/a}'? if 232
VMg ot ¥ Maouond T Tiouond it Bauen} I Zicuen <2 2
V=single plume values if 2<ty,.,
BEFORE TOUCHING Critical ¥V < Top of Jet
JET fest Zoer = Ty + {0V ) FERHO. 6 I VoV
JET faet Ze = Buen*{ZuaZowent Wen ™Y iouend VaYioun) If Yem>Yen

Singe Plume Eqns (see Single Plume spreadsheet)
Y =98, 0 12F (22,6 2502, ) L 2

a=0.16{z-z,)

0,20 1+{1-(BB 1 (VoD AV me"8 ™AW}
interpofated Layer Egns

VNt V- Viouon) (- ZeonsnZair Tt

Verl.
Vel{mvs)
2.69
27¢
27
273
278
280
234
2.88
292
285
299
303
31
a6
314
3.09
305
300
286
292
2.89
273
260
249
240
232
225
219

Merged Plume Eqns
v{n(viap,ia)
a=a+0.18(z-1,}
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