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ABSTRACT
2

A Venturi, dynamic dilutioﬁ, sampligg probe was
evaluated in a2 laboratory setting, with primary consideration
being given to simulating field sampling conditions. On this
basis, the sampling probe &as operated in a wind tunnel

serving as an industrial stack afdd sulphur hexafluoride (556)

—

siﬁuléting an odourous material.
- This sampling probe operates by drawing a sample of
.stacksgas into the throat of the Venturi through one or more
orifices located at 90 degrees to each other. This sample is
mixed with de-odourized amblent air that is phmped through

the Venturl. This air also serves as the dr1v1ng force for

the collection process.

»

The goal of this study was to determine the range of

dilution ratios that were achievable with specific :

® orifice sizes
® orifice orientatioms &
® préssure drops across the Venturi throat.

Dilution ratios ranging £rom 6 to 40 wéré achieved.
These diiution ratios aré-reproducible and are accurate to 10
per cent. The sampling probe functions-éithout the o
complications that are necessary to operate other diluﬁiqn
sampliﬁg devices, such as the constant monitoring of multiple

flow rates. )

It is recommended that further studies bé conducted-.to

determine the effects of high pafticulate matter loading in
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the gas stream on the efficiency and accuracy of the probe.
It is also important to assess the effects that stack gas

témperature has on the performance of the probe.
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-~ The majority of the North American Donulace nhas

experienced odour pollution. This form of zir pollution has

L3

Decpme one of the more noticable, generating at least 50 per
cénﬂ of the total number of complaints to regulatory agéncies
1.

To date, ‘the provincial governments have not legislated
again;? o&our pollution. This situation is due primarily to

lack ofnadequate-research and development of methods for

-

measuring-and controlling odours. -~

) Iﬁgardéf to prepare a proper legislative deterrent to
odour pollution, it is necessary to demonstrate that every
step in the evaluation process is properly documented and
assessed for accuracy. These steps include:
i) Source Identification &
ii) Sampling and Transport of Samples
iii) Analysis of Samples -

iv) Determination of the Degree of Odour Pollution
v) Control Implementation

The analysis of odour samples has received most of the
attention to date [2]. Now emphasis is being focussed on the
development of objective methods of odour analysis [3,4]. The

techniques of sampling odourous sources are not as advanced

[2].
At present, the Ontario Ministry of the Environment
recommends the use of a simple dynamic dilution system for

sampling. This sampling train mixes the odourous source
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o dilute th

=
H

¢l

éﬁ:eam with 2 flow of de-odourized a
odourous sample below the dew peint of the component vapours
[5]. This mixing is accomplished afrer the sample has been
withdrawn from the stack through a heated glass probe. The
dilution of the samplé is designed to minimize loss of sample
integrity due to adsorption and condensation during and after
sampling.

To further simplify the sampling process, and to dilute
the sample within the stack, a Venturi, dynamic Qilution,

sampling probe has been developed by the Air Quality Group at

" the University ofaWindsor.
The purpose of this study was to evaluate the Venturi,

dynamic dilution, sampling probe in terms of the range of dilution

‘ratios that are achievable with specific: ]

¢ orifice sizes
0 orifice orientations
L pressure drops across the Venturil throat.
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II. Literature Survey

(o}

arlv research concerning pollution of the atmosphere Dy

-

&

odours has been concerned, primarily, with the analysis of
.samples collected in the field. This emphasis has helped .to
develop a wide spectrum of analytical techniques (often based
on statistical methods) which make every attemét to ensure
an unbiased result [1-16]. Much less attention has been
devoted to sampling procedures. .

To illustrate the advantages'that can be achieved with

_—Venturi dilution probes, a brief history is provided of the

sampling devices that have been used in earlier
investigations. )

One of the earliest techniques involved withdrawing a
sample from the sus%ected source into an evacuated glass bulb
[12]. An aliquot of this sample was then _removed with a glass
syringe containing a preéetermined amount of odourless air. L
This and subsequently diluted mixtures were iﬁ?écted into the
nostrils of the members of the odour panel for evaluation.
This method provides no accomodation for adsorption or
condeﬂsation of the stack gase§ onto the glass surfaces, and
«as a result, 1t has been abandoned by most regulatory
agencies. |

Hb;e sopglstiéated sampling devices were developed to

avoid the problems associated with gla554surfaces {8,11,12].

Most of these methods involved pumping_the sample from the



source through a Teflon or Tedlar hose into a Tedlar bag. Two
‘methods of pumping the sample were used.

The original method involved a sampling lung [8,11,12].
In this case, ﬁhe sémple bag was sealed inside a plastic box.
The stack sample was drawn into the bag by creating a slight
vacuum inside the box conteining the bag. ‘

Odou:ous‘samples have also been transferred into
sampling bags by means of peristaltic pumps [12]. This methdd
avoids the use of the cumbersome sampling lung. A number of
simple odour sampling devices is illustrate& in Figurw Z.1.

These methods.do not allow for condensation and

.
adsorption of/}ﬁé sample that may cccur due to temperature
and pressure/differences between the source and the ambient
conditions. As these effects may result in loss of some of
the sample to the walls of the sampliné bag, the' subsequent
anelysis may -be in error. -

Several attemppé have been made to improve samﬁling
procedures [9,11,13]..In general, the stack sample was mixed
with de-odourized ambient air after withdrawal through a
heated glass probe. The miiing was accompliéhed externally to
the source stack. The goal of these procedures was to dilute
‘the source gases and vapours below the dew points of the
mixtures to minimize‘losses due to condensation.

Schuetzle et al. simply mixed the odou?ous sample with

de-odourized air [11). The diluting air was metered into the

“n
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Figure 2.1: Simple Odour Sampling Devices [11,12]

The Ontario Ministry of the Environment procedure involves
basically the same process, except that the sampling lung is
replaced with a peristaltic pump [13].

The third sampling device is the most sophisticated [9].

L)
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1z the sample in this case

is a Venturi. As de-odourized air is pumped thr the

o

[
o

-y

Venturi, the sample is drawn intc the throat by the resulting
decrease in stati¢ pressure. Mixing.with the de-odourized air

occurs in the throat. The mixture is conveyed to the sampling

bag through odourless tubing. Examples cf these devices are

provided in F;gures 2.2, 2.3, and 2.s.

The disadvantages of these methods are not quite as
obvious as the problems associated with the simpler methods
outlined earlier. Nevertheless, the samples may still provide
misleading results for several reasoms.

It has been shown that anv probe, heated or not, that
uses a glass wool plug to prevent the ingress of particulate
matﬁer may.become saturated with condensate from the stack .
[9]; This accumulation could also alter the character of the
odour.

Use of dilution devices generally requires the

L
monitoring of at least two gas flow rates for the
Hetérmination of dilution ratios. This approach can be
complicated, and since it involves’Ehe use of flow disturbing
devices it may alter the integrity of the sample. The sample
may be changed by the contamination of the rotameter, which
is commonly used to monitor the flow rates.%ln other cases,

an orifice meter is used. Passing the odourous stream through

an orifice may cause condensation during compression of the
— ~
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.In order to siﬁplif\ the sampling process, and to

accomplish a sample dilution before the mixture is removed
rom the source stack, a Venturi, dynamic dilution, sampling
probe was dévelqped by members of the Air Quality Group
[1/,18] | .

Early attempts to calibrate the Venturi sanpllng device
with respect to dilution ratio met with limited success due
to the size of the simulated source stack. In the early
experiments, n-butanol vapour was introduced into a six 1nch
diameter glass chimney, The odourous sample was withdrawn
from the chimney_using the Venturi sampling probe. Due to the
relative sizes, the sampling probe partially blocked the )
chimney flow area. In addition, the probe collected most of
the gas. flowing in the chimney. These two factots caused
erratic results due to the flow problems that were
‘encoﬁntered. Consequently the generated dilution ratio data
were inconclﬁsive. '

For this research, the chimney was replaced by a wind
tunnel. As a result, it was possible to approximate flows in
an industrial stack, and to eliminate the flow probléms that
were associated with the smaller stack. |

Previous investigators used a hydrocarbon analyzer to

determine the achieved dilution ratios. They withdrew a

" sample of the stack gas with a sampling lung for later




evaluation. The concentration of n-bdutanel in the stack gas

was compared with that present. in the sample bag that was .

-

h
=8

lled with the Venturi sampling probe.

For this studv the n-butanol vapour weas rgplaced\vi:h
sulphur hexafluoride to zeduce interference from éther gases,
An infrared spectrophotome®er was used to determine the
concentrations of sulphur hexafluoride gas in the sample and
the stack gases. This approach allowed constant monitoring of
the gas concentration in the wind tunnel during sampliﬁg.

A full description of the system components is provided in

Chapter III (Experimental Equipment).

11
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ITI. EZxperimental Equipment

The Venturi, dynamic dilution[_ﬁampling probe was
studied in a controlled labofatory environment. Primary
consideration was given to simulating industrial conditions
to ensure that the probe would be assessed in 2 realistic
setting.

" The basic equipment used in this study involved:.
A. Wind Tunnel

B. Ven:zuri Sampling Probe
C. Infrared Spectrophotometer

A. The Wind Tunnel and Ancillarv Egquipment

The wind tunnel used for this series of experiments
w;s‘donated to the Chemical Engineering Department at the
'University of Windsor by Clayton Environmental Consultants,
Ltd., of Windsqr,tOntario, in~1981., The fan was manufactured
by the Aerovent Company of Piqua, Ohio, USA.

. The wind tunnel has a volume of approximately 155 cubic
feet. The air is_propelled by a hydraulically driwven fan.
Alr velocity is controlled by a throttling valve on the
hvdraulic supply. A schematic representation of the wind
tunnel is provided in Figure 3.1.
The air passes through a Venturi section whose throat
has a cross sectional area of 1 foot X 1 foot. All

measurements were taken in the throat of the Venturi. The

positions of the various sampling ports are illustrated in

14
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Figure 3.2. all dimensions in this Iigure are In iaches.

erminations were made by :traversing the

cross sectichal area using a three point by threeé point grid.
_Veloci:ty pressure readings were made using 2 standard
pirot, tube, which was connected to a precision manometer
purchased from the Airflow Corporation of Whitby, Ontario.
The readability of the manometer is illustrated in Table 3.1.

The velocity distribution is discussed in Appendix I.

. ‘v' :
Table 3.1: Readability of the Precision Manometer

-

Scale Scale Scale Pressure Pressure
Multiplier Range Keadability Range Readability

(in H,0) (in Hzo)

1.0 ¢ -5 0.01 0 -3 0.01
1.0 5 - 10 0.05 5 - 10 0.05

- 0.2 0 -5 0.01 0-1 0.002
0.2 5 - 10 0.05 1 -2 0.010
0.05 0 -5 0.01 0 - 0.25 0.0005
0.03 5 - 10 0.05 . 0.25 - 0.50 0.0025

A standarﬁ pitat tube was also mounted permanently ét
the inlet to the wind tunnel Venturi throat. This pitot tube
was used for .all subsequent ‘velocity measurements during the
course of thls 1nvest1gat10n, and for the calibration of the
S~type pitot tube whlch was fastened onte the sampling probe.
This‘fixed'pitot tube also facilitated the determination of
static pressure in the wind tunnel. The S-ty?e pitot tube

-

provided a means of monitoring the stack gas velocities

T -

[
h



§0YOoU] H1 o1 suorsuawiq |1V

uorIe1s JuiIoM 9yl Jo syieiaq :z°g oandij

’

janlt 1oiid

0G0 . n_ auVaNvLs 8/l
\ v "
_— |
]
L80d NOILDIPN 24s m_u
N r VERUIRR
o _l h i ‘\‘P:0:| T Tt a . - IH.M
O N
A1e
. Y .
ZD:_Q___UOJ MQOGQ ./I._rKO& 0.2._|_n_2qm ”wu_..w
.*4.‘ JJ.D-..
1] . 3
o 0012 . -

,o

.{.‘-‘



18

during sample colleczion. ~

A psychrometer was introduced into the wind tunnel
through the window below the traversing pitot tube for the
cdetermination of the water wvapour content of the gas

circulating in the wind tunnel. The dry thermometer in_the
psychrometer was alsc used to calibrate.? bi-metallic

:herﬁocouple which was mounted on the sémpliﬁg probe. This
thermocouplé facilitated the monitoring of the gas cry buld
temberature. The thermocouple was purchased from the Cole-’

Parmer Company, of Cﬁicago; Illinois. -

B. The Venturi., Dynamic Dilution, Sampling Probe

The heart of the system being evaluated in this researth
was the Venturi, dynamic dilution, sampling probe illustrated
in longitudinal and-cross sectional detail in Figures 3.3 and
3.4. All dimensions in these figures are in inches. The basic
function of this device is to dilute am odourous sample

within 2 stack and fill a Tedlar sample bag with this diluted

t

-

sample.
This device was constructed for evaluation in the
early eighties. The actual désign criteria have not been
located despite inquiries [1].
Deodourized air is supplied to the Venturi probe by an
(R3105-1) 60-cfm rotary blower purchased from the Gast .
Company of Benton Harbour, Michigan, USA.'-

The inlet air is'pre-cleaned with'a 10 micron filter

"
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before passing through an activated charcoal bed for
deodourization. This cleaned air is conveved to the Venturi
probe via 2 10 foot long Teflon hose anéd 2 5 foot long 1.1875

+

inch ID steel pipe.
The Venturi itself is 9.19 inches in length, and has

a throat diameter of 0.50 inches. fhe convergent section of

the Venturi is 2.25 inches in length, with an angle of 7.37

degrees. The divergent section of the throat is 2.50 inches

long with an angle of 8.60 degrees. The throat is 2.31 inches

in length. .

There are four 0.25 inch sampling ports located at 90
degrees to each other in the throat. These ports are tapped o
“to allow a 0.125 inch or a 0.0625 inch orifice to_ée
installed and secured in each pdrt aé required. These ports
are located 5.63 inches from the upstream end plate of the
Venturi probe. Their respective positions are identified in
Figure 3.4.

An odourous sample is drawn through these ports and
mixed with the incoming deodourized air. Part of the dilfuted —_—
sample is channeled into a 0.125 ID stainless steel tube
placed centrally at the exit tofthe Venturi. This tube serves
‘to conduct the sample to a Tedlar sampling bag.:
Pressure taps are located in the throat and aé the

inlet to the Venturi to provide low and high pressure

readings respectively.
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The gases leaving the Venturi probe pass into 2 1.22
inech ID iron pipe and exit thrcugh a2 -ight angle elbow in the
direction of the stack gas flow.

C. Infrared Spectrophotometer and Data Acguisition Svstem

To determine dilution raties, it was convenient to
compare the concentrations of a tracer gas which had been
injected into the wind tunnel to those assoclated with gas
s;mples in the Tedlar bags that were filled during the
sampling process.

Sulphur hexafluoride, (SFG) was chosen to simulate an
odour in the wind tunnel. This.choice was to minimize
background interference from other gases during sample
analysis. The gas was injected into the port indicated in
Figure 3.2. The supply was from a 100 pound tank of
commercial grade gas. This gas wa§ compared to the iggtrument
purity gas that was used to calibrate the infrared
spectrophotometer. No detectable difference was found between
the two purities. The gas was purchaséd from Matheson
Specialty Gas Products in Whitby, Ontario.

A Miran-1A infrared spectrophotometer was used to
determine the concentrations of the SF6 gas. This instrument
was purchased from the Foxboro Company, LaSalle, Quebec.

The Miran-1A was adjusted-tdz

® a pathlength of 20.25 metres

® a slit width of 1 millimetre
® 2 wavelength of 10.7 microns,



anc set to measure in abscorpance units.

The analog output oI the instrument detector was

h

displaved on'an electrical meter. This output was also

available as a 0-1 volt DC signal.

0‘1’

or recording g:oses the output was sent to a chart
ach

ecorder (Hewlett-P

H

rd 1703), and to a CCAD analog-to-

§-

o

igital interface which provided a printed record of the

measured absorbance through a Radio Shack TRS-80 Colour .
Computer. The computer also performed initial calculations

that converted the recorded absorbance readings into

concentration values by using a non-linear equation which was

derived from the original calibration of the
spectrophotometer. The Miran-1lA calibration procedures are

described in Appendix III.

.

il
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IV. EZxperimental Procedures

As mentioned earlier, the

"
o]

al ¢f this research was to
evaluate the Venturi, dynamic dilution, probe in an

environment that would approximate a realistic field

[ 1)

situation. As a result, the experimental “brocedure reflects
actual sampling methodologies with respect to .stack gas and
atmospherlc conditions. The Ontario Miniétry of the

Environment manual on source testing [1] and the draft “‘-‘\\
version ¢f the proposed procedure for source sampling of

odours [2] were used to determine the parameters required for

field testing.

The order of the experimental procedure was as follows:

y *

1) The wind tunnel was turned on. As the wind tunnel
warmed up, all electronic equipment was started. During this -
time the room femperature and barometric preséﬁre were
recorded. The wind tunnel_u;Lally‘stabilizéd within 10
minutes.’ |

2) The wind tunnel was adjusted to provide the
appropriate gas velocity. As the manometer reading from the
standard pito% tube stabilized, the probe configuration was
set, and the_probe was inserted throdgh the sampling window.
The probe blower was turned on at this time, dnd set to the
appropriate value. The manometer reading qually stabilized

within 5 minutes, and was recorded at this tIme. One lead was

now disconnected from the mancmeter for measurement of the

[§ ]
[ ¥]]



static pressure.

3) The psvchrometer was inserted into the port below the.
probe sampling port once the velocity reading had staﬁilized.
' The psychrometer was_left in place for apgfoximgtely one
minute. While the wet and dry bzzs\iggperatd}es were
coming to equilibri%m the static pressure was recorded. The
. manometer leads were tﬁé;'changeé to measure the velocity
pressuée readings from the S-type pitot tube. The
psvchrometer was removed from the wind tunnel a?d the wet and
dry bulb temperatures were recorded.

4) The velocity pressure reading from the S-type pitot:
tube was recorded, as was the pressure reading across the
Venturi sampling probe. ‘

5) At this point, sdlphur hexafluoride (SFG) was
introduced into the wind tunnel at the injection point spown
in Figure 3.2. The injectiﬁn pressure was usually d.psig. The
infrared spectrophotometer was adjusted to read the
concentration of the gas in the wind tunnel. The absorbance
value was monitored on the Miran-1A gauge, the charﬁ recorder
and the computer output to ensure_ﬁhat agreemémt between the
threeldevices still existed. The absorbance value was aliowed
to rise to approximately 0.880. At this time the flow of SEs 4
was decreased to maintain the desired concentration of the
gas in the wind tunnel for the duration of the testimg

-~ s

period.



5)-Once the absorbance reading nad stabilized, the
computer_xas set to begin averaging the abscrbance values
every thirty seconds. These values were also printed out.
Once the recording devices had 'been initiated, the sample bag
was placed oﬁ the sampling tube ocutlet of the Venturi
sampling probe and the time was recorded. ,

7) A éample was collected until the bag was
approximately 3/4 full. In.most cases, this required
approximately 20 minutes. At the end of each sampling period,
the bag was removed fréﬁ the outlet tube, .e computer was
re-initiated and the time was recorded. Four samples were
collected for each probe configuration.

.8) After the last saméle time was.recorded, the final
readings were taken for all the parameteri—of interest.
* Usually this process éas repeated three times eéch day. The
wind tunnel was reset to the highest velocity at the end of
each day's work to allowlthe'machine to stab'lé;e quickly
when it was turned on the next day. A fresh :;§Qli;; was
connected to the Miran-1A to purge the cell prior to analysis
of the sample bags. - | —
| 9) Tbe.sample bags were analyzed in reverse order to the
order of collection. The analyses involved the use of the

Miran-tA, the chart recorder, and the computerized data

acquisition system. Once the samples were analyzed, the fresh

air line was recomnected to the Miran-1A for-'purging.
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The order.of data collection is best demonstrated Dy the

data sheet providecd in Figure 4.1.

tated the

(o]

The information recorded on these sheets facil

calculation of stack gas humidity and velocity, as well as

the recording of the parameters that pertained to the

. specific probe configuration, namely the pressure drop across

.
.

ihe Venturi and the location and size of the sampling
.orifice(s). Each probe configuration was tested four times to
determine'theAreproducibiIity of the results. Analysis of the

recorded data will be discussedein the next chapter.
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COMMENTS:

TIME SAMPLE

Figure 4.1: Experimental Data Sheet

3

DATE NUMBERS
STARTUP BAROMETRIC PRESSURE mmig ROOM TEMP
TIME TIME
START Twet ngy Tprobe FINISH HUMIDIT
INITIAL
FINAL
TIME Ppitot msrd (x ) Ppitot act Pstatic
INITIAL ' ’
FINAL
TIME Pstype) PROBE CONFIGURATION
INITIAL |
1/16 1/8 1/46 A B CD
FINAL
: PROBE SAMPLE NUMBERS
TIME MANOMETER METER
"INITIAL inH,0 inHZO
- FINAL inH20 inHZO
START SF6 .
SAMPLE .
TIME ON
TIME OFF
STOP SFo
FINAL BAROMETRIC PRESSURE mmHg ROOM -TEMP



=

Source Testinz Code. Version =Z, Report F ARB-TDA-58-80,
Ontaczioc Ministry of tne covicoament, Alr Resources Branch,

Source Sampling for Odours, Ontario Ministry 'of the
Fnvironment, Air Resources Branch, ET & RD Section, draft

copy,no date.

-
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investigation. However, not all of the -

collected data are useful for determining whether the
Venturi, dvnamic dilution, probe is applicable to the

sampling.of odourous stack gases. Since the facters that

might affect dilution ratiocs were corigipally unknown, more

data were collected than required. A complets record of the
.- B —-—

useful data is provided in Appendix IV.

A. Resuylts ‘

“Dilution ratios for all the probe configurations tested

ére presented in Tables 5.1 to 5.15. Graphical ‘ -
representations of the dilution ratios are pfovided in-
Figurés 5.1 §o 5.15. The sbecification oﬁ the probe
configuration in the figures and tables refers to the size of
the orifice used in the saméling port(s), and the location of
the sampling port(s), respectively. The ldowations have been
defined in Figure 3.4. . .

| Tables 5.1 to 5.15 summarize the dilution ratios that
were achieved with various orifice sizes and lJcations, stack
gas velocities, and Venturi pressure d}ops, The values of #he
dilution ratios are presented in order of increasing with
tunnel gas velocitisf: For most velocities, there are two
Venturi pressure readings. Tﬁey,refer to the pressure drop
measured across the Venturi in inches of water. The higher of

31 :
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Figure 5.1:

Results of Probe Conf;guratgo
+ Maximum Venturi Pressure

ro

(0 Minumum Venturi Pressure Drop

Table 5.1: Results of Probe Configuration 1/& A //
Average Average
Gas Venturi
Velocity Pressure Dilution Ratilo
(ft/sec) (in 320)
35.65 19.6 013.0 11.3 11.2 10.5
35.96 5.8 12.2 12.0 12.1 12.1
68.80" 19.5 11.9 11.9
68.80 16.8 . 13.3 11.7
70.71 21.6 12.2
71.70 21.4 12.2
72.15 14.9 11.4
72.56 '15.2 10.9 '
86.42 19.7 11.2 11.2 10.4 10.8
~
4
i
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Figure 5.2: Results of Probe Configuration 1/4 B
& - N . g
+ Maximum Venturi Pressure Drop
-~ [ Minumum Venturi Pressure Drop

Table 5.2: Results of Probe Configuration 1/4 B

Average Average
Gas Venturil
Velocity Pressure Dilution Ratio
(fr/sec) (in H20)
34,38 20.0° 11.4 11.1 11.0 10.7
34.57 7.8 12.4 11.1 13.5 11.7
67.69 20.1 13.3 13.4
67.69 13.1 13.3 12.7
70.73 22.3 13.7 13.8
70.73 14.2 16.7 18.3 .
86.71 19.9 13.3 12.5 12.2 11.1 -
] _
<

L¥2
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Figure 5.3: Results of Probe Configuration 1/4 C
z - . + Maximum Venturi Pressure Drop
[0 Minumum Venturi Pressure Drop

Table 5.3: Results of Probe Configurationm 1/4 C

. Average Average
Gas Venturi . -
Velocity Pressure Dilution Ratio
(ft/secs (in HZO) :

. 35.03 ' 20.3 10.1 9.8 11.2 9.5
35.47 T 8.8 11.3 10.6 10.7 10.8
68.32 ) 20.0 8.2 8.2
68.32 15.9 8.1 7.8
71.02 22.0 11.4 11.2
71.02 14.4 11.5 10.9
71.06 14.2 '10.6
83.98 - 18.0 9.7 9.6 9.2 8.0

4
>
J .
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_ ngure 5.4: Results of Probe Configuration 1/4 D

Table

Average
Gas
Velocit

(ft/sec

34,46
34.83
69.82
69.82
71.29
071,20
88.23

5

3

Jhs

+ Maximum Venturi Pressure Drop
O Minumum Venturi Pressure Drop

Results of Probe Configuration 1/4 D

Average
Venturi
Pressure
(in H,0)

10.5
20.0
19.8
16.6
21.4
14.4
18.7

wl
w

11.7
11.4
11.3
11.4
13.3
16.0

. 13.0

Dilution Ratio

11.7
11.5
11.4
10.9
13.2
12.7
12.3

12.3

11.

7

a7
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Figure 5.5: Results of Probe Configurétion 14 ABCD

+ Maximum Venturi Pressure Drop
) Minumum Venturi Pressure Drop

Table 5.5: Results of Probe Configuration 1/4 ABCD

Average
Gas

Velocit

(ft/secg

35.1¢
35.54
69.53
69.53
71.82
71.82
88.39

Average
Venturi
Pressure - Dilution Ratio
(in HZO)

3.7
18.9
18.9

- 10.5
20.7
1174
19.2
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Figure 5.6: Results of Probe Configuration 1/8 A
+ Maximum Venturi Pressure Drop
Minumum Venturi Pressure Drop

Table 5.6: Results of Probe Configuration 1/8 A

Average Average ,
Gas Venturi
Velocity, Pressure Dilution Ratio
(ft/sec) (in H2O)
35.48 20.2 16.0 15.8 15.5 16.0
35.48 7.6 : 20.0° 18.1 17.2 16.4 .
66.72 20.1 21.3 20.2
66.72. T 16.3 19.7 19.2
70.63 : 21.2 24.7
71.05 14.8, 18.9
71.34 21.2 0 21.1 18.8
-71.68 15.2 21.8
72.01 21.2 23.7 .
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Figure 5.7: Results of Probe Configuration 1/8 B
: + Maximum Venturi Pressure Drop
] Minumum Venturi Pressure Drop

Table 5.7:

Average
Gas
Velocit
(ft/sec

35.27
35.37
66.55
66.55
69.49
69.49
88.22

!

Average
Venturi
Pressure
(in HZO)

8.7
20.6
20.7
15.2
22.4
14.5
19.6

Results of Probe Configuration 1/8 B

Dilution Ratio

- 17.6 17.3 17.7 16.2
17.1 16.1 16.1 16.1

19.5 18.2
18.3 17.8
18.9 19.3
20.3 19.8

24.0 21.7 22.0 19.8
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+ Maximum Venturi Pressure Drop
Minumum Venturi Pressure Drop
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Table 5.8: Results of Probe Configuration 1/8 C
4

Average
Gas
Velocit
(ft/sec

34.04
34.75
68.56
68.56
70.61
70.61
72.11
72.76
81.51

3

Average
Venturi )
Pressure - Dilution Ratio
(in HZO) .
20.3 15.3 13.6 13.9 13.5
5.9 16.5 16.7 16.3 16.3
20.0 13.7 13.6
17.6 16.1 13.9
22.5 15.7
14.6 16.0
14.9 19.9
22.6 17.0 o
18.8 12.9 11.3 11.9 12.0
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Figure 5.9: Results of Probe Configuration 1/8 D,

" Table 5.9:

Average
Gas
Velocit
(ft/sec

34.18
34.18
70.54
70.54
70.6F
70.65
87.57

+ Maximum Venturi Pressure Drop
] Minumum Venturi Pressure Drop

Results of Probe Configuration 1/8 D

Average
Venturi
Pressure . Dilution Ratio
(in HZO)
20.5 ] 19.0 18.5 18.6 17.6
8.1 17.8 17.4 16.7 16.%5
20.1 16.3 16.2
16.3 19.2 16.7
22.4 20.7 20.5
14.5 22.8 22.6
18.7 17.9 15.6 17.3 15.4

40
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Table 5.10: Results of Probe Configuration 1/8 ABCD

~1~J
ow O

Average Average
Gas Venturi
Velocit Pressure . Dilution Ratio
(ft/secg (in H20)
33.26 18.2 7.2 7.1 7.0
33.26 4.9 §.9 7.8 7.7
69.38 19.7 6.8 6.9
69.38 10.8 6.8 6.8
72.48 20.6 7.8 7.9
72.48 13,2 7.9 7.9 )
8.1 7.2 7.0 7.

§8.08 . 19.3

~
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?igure 5.11: Results of Probe Configuration 1/16 A
+ Maximum Venturi Pressure Drop
0 Minumum Venturi Pressure Drop

Table 5.11:

Average
Gas

Velocit

(£t/sec)

33.90
34.12
69.69
70.15
84.17

Results of Probe.Configuration 1/16 A

. Average

Venturi
Pressure
(in Hzo)

20.3
5.4
17.1
21.0
21.4

37.6
75.1

' 36.9

41.7
38.6

Dilution Ratio ,

35.0 41.5

70.2 66.1-

39.6 45.9

40.9 39.5

31.9 31.8
o

31.5
64.2
39.3
37.3
32.9
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Table 5.12:

-Average

Gas
Velocit
(ft/sec

$ 34.81

34.93
71.02
71.68
§7.21

3

o -
E -
ol
: B =
- z
1< E
10 20 TOo20 SO S0 To S0 amn
AIR STREAM WELOCITY -FT -SEC -

+ Maximum Venturi Pressure Drop
Minumum Venturi Pressure Drop

+

Average
Venturi
Pressure
(in HZO)

8.2
20.6
21.6
13.9
21.4

ol—

Dilution Rafio

o
42.6 504

35.1 ..37.9
34.0° 30.9
37.3937.3
55.2 38.4

Results of Probe Configuration 1/16 8

53.9
34.8
33.0
36.5
39.4

”Fighre 5.12: Results of Probe Configuration 1/16 38

51.
31.
34,
34.

{DNI\JO

39.8
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Figure 5.13: Results of Probe Configuration 1/16 C
+ Maximum Venturi Pressure Drop
] Minumum Venturi Pressure Drop

Table 5.13: Results of Probe Configuration 1/16 c

 Average - Average
Gas Venturi
Velogcit . Pressure ' Dilution Ratio
(ft/sec§ (in HZO) ! ;
34.50 20.7 33.7 32.6 35.5 31i.¢
35.07 4.8 4L6.6 46.3 43.9 44.2
65.30 12.5 57.8 &5.0 -51.2 44.2
. £9.19 -21.1 T - 47.0 47.1 54.4 43.3
- 86.32 21.3 41.9 38.00 36.8 38.5
v

ey
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rigure 5.14:

Table *5.14:

Average
Gas

Velocity

(ft/sec)

34.36
34.36
70.38
70.68
86.06

Results of Probe Configuration 1/I6 D
+ Maximum Venturi Pressure 'Droép
(0 Minumum Venturi Pressure Drop

Results of Probe Configuration 1/16 D

Average -

Venturi . , - k\\
Pressure Dilution Ratio

(in HZO) ’ = ~

20.4 32.2 31.2 30.9 29.1

10.7 38.5 38.6 42.7 34.5

20.5 36.5 34.8 35.1 33.3

20.5 35.6 35.3 37.6 32.8

22.1 38.3 29.2 26.4 27.4

) ‘“
: ‘/~~
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Results of Probe Configuration 1/16 ABCD .

+ Maximum Venturl Pressure Drop
] Minumum Venturi Pressure Drop

Table 5.15: Results of Probe Configuration 1/16 ABCD

Average
Gas

Velocit

(ft/sec

34.04
34.45
£8.03
70.63
84.74

3

Average
Venturi
Pressure
(in HZO)

20.1

5.3
13.4
20.7
20.7

46

16.8
24.1
11.3
10.1
17.4

Dilution Ratilo

15.8
22.6
10.7

6.9
16.1

16.7
22-.1
10.7
11.2
17.0

15.2
22.6
10.8

9.5
17.2



the two Venturi pressures listed represents the maximum

pressure ¢rop that could be achieved for that set o

L& 1Y

operating conditions. The lower of the two values -represents
the lowest pressure drop that would still provide a sample

acquisition from the wind tunnel. The lowest Venturi pressure
'

drop value was established by decreasing the flow through the
probe and measuring the pressure at the outlet of the sample
tube. The limiting Venturi pressure drop was defined when the
pressure measured at the end of the sampling tube was at one
inch of water gauge. This was a value that would provide a
full sample bag in approximately 45 minutes. On the basis of
practical field considefation& such a2 sampling interval was

.

considered to be limiting. According to the data in Table 5.6
) .

there are neo dllutlon ratio evaluations for the probe

configuration of 1/8 A at the highest w1nd tunnel veloc1tv.

Under this experimental condition it was impossible to fill a
‘ LY

sample bag. : :

B. Discussion .

As illustrated in Appendix IV, some of the-data
presented in this study were not collécted in a sequéﬁ%ﬁal
order. This is an important point to consider, since it
demonstrates that deépi;e the fact that some experimental
values for the same probe configuration were collected some
months after the original defermingtions, the values show a

high degree of dgreement. Therefore, it can be argued that



<

*he dilution ratios are dependent only on the experimental

conditions. Such agreement suggests that deviaticns in the
- daﬁa,we:e not due to long term changes ir the experimental -
sampling equipment. . e

To identify any trends that might be demonstrated by
the data, the results were averaged in terms of wind tunnel
zas velocities ‘and Venturi pressure dropsi_Tables 5.16 to 5.30
relate average dilution ratios to two realistic préssure
drops across the sampling device for a raﬁge of wind tunnel
veélocities. A graphical representation of @his information 1s
presented in Figures 5.16 to 5.30. The liﬁits fof each pcint |
repreéent the. standard deviation of the da;é involved in //_“/’/
.calculating the average values. : . i -

A review of the data presented in Tables 5.16 to 5.36
indicates that the dilution fatiqs ;ncreaéed as the orifice
size decreased. The lowest dilution was achieved for each

L

orifice size when all four sampling ports were used.
P '3 These observations can be discussed in terms of a
simplified hydrodynamic model.

1-.Hvdrodynamié Considerations

‘'The operation of the Venturi, dynamic dilution,
sampling probe can be modelled in terms of 2 combination of

- two flows, one through the Venturi, and one through the

‘ "sampling port orifice. A simplified diagram of the Venturi,

—

dynémic dilﬁtion, probe isdﬁfesented in Figure 5.31.
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Figure 5.16: Averaged Results of Probe Configuration 1/4.A
+ Maximum Venturi Pressure Drop
Minimum Venturi Pressure Drop

Table 5.16: Averaged Results of Probe Configuration 1/4 A

Average Average Averaged
Gas - Venturi * Dilution Standard
Velocit Pressure Ratio Deviation
(ft/secg (in HZOl
35.65 19.6 - 11.5 - 1.06
35.9¢6 5.8 12.1 0.08
70.40 20.8 . 12.3 0.62
71.18 15.6 11.3 1.04
86.42 19.7 ' 10.9 0.38
Mean Dilution Ratio 11.6 0.58 .

~
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Figure 5.17: Averaged Results of Probe Configuration 1/4 B
. + Maximum Venturi Pressure Drop
[J Minimum Venturi Pressure Drop
L)

-

. :
Table 5.17: Averaged Results of Probe Configuration 1{& B

Average Average ' Averaged
Gas Venturi Dilution Standard
Velocit Pressure Ratio Deviation
(£ t/seci (in H,0)
34.38 ©20.0 11.1 _ 0.29
. 34%.57 7.8 12.2 1.02
67.21 21.2 13.6 . 0.24
67.21 13.7 \ 13.0 0.42
86.71 22.3 12.3 0.91
Mean Dilution Ratio 12.4 0.94
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Figure 5.18: Averaged Results of Probe Configuration 1/4 C
+ Maximum Venturi Pressure Drop
O Minimum Venturi Pressure Drop

Table 5.18: Averaged Results of Probe Contiguration 1/4 C

Average Average Averaged
Gas Venturi Dilutien Standard
Velocit Pressure Ratio Deviation
(ft/secg (in HZO)
»
35.03 20.3 10.1 0.75 !
% 35.47 8.8 10.9 0.3
71.02 22.0 J - 11.3 0.14 .
71.04 14.3 11.0 0.46
83.98 . 18.0 9.4 0.33

. Mean Diluticon Ratio 10.5 0.78
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Figure 3.19: Averaged Results of Probe Conffguration 1/4 D
+ Maximum Venturi Pressure Drop
Minimum Venturi Pressure Drop

Table 5.19: Averaged Results of Probe Configuration 1/4 D

Average Average o Averaged
Gas Venturi Dilution ‘Standard
Velocit Pressure Ratio Deviation
(ft/secg (in Hzo) .
34.46 10.5 - 11.8 0.63 ~
34.83 20.0 11.35 0.
70.51 - 20.6 127% 1.07
70.51 15.5 12.0 1.49
88.23 18.7 12.3 ~ 0.53
Mean Dilution Ratio 11.9 0.42
- N

w
~
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Figure 5.20:

-

Averaged Results oﬁ/é/obe Configuration 1/& ABCD
+ Maximum Venturl/Pressure Drop

Minimum Venturi Pressure Drop

Table 5.20: Averaged Results of Probe Configuration 1/4 ABCD

-

Average “XV¥erage Averaged

Gas Venturi Dilution Standard
Velocity Pressure Ratio Devi@tion'
(ft/secg .(in H,0)

35.54 18.9 5.8 0.29
35.54 3.7 6.1 0.08
70.67 19.8 6.0 0.43
70.67 11.0 6.3 . 0.45
88.39 19.2 6.a 0.41 \

Mean Dilution Ratio 6 1 0.24
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Figure 5.21: Averaged Results of Probe Configuration 1/8 A
+ Maximum Venturil Pressure Drop
O Minimum Venturi Pressure Drop

. i ”
Table 5.21: Averaged Results of Probe Configuration 1/8 A

-

Average - Average Averaged
Gas Venturi Dilution Standard
. Velocit Pressyre Ratio _ Deviation
“(ft/sec (in Eog) ’
35.48 20.2 21.6 0.24
35.48 7.6 15.8° 1.56
£9.81 15.4 19.9 1.31
70.17 20.9 21.6 2.02
- Mear. Dilution Ratio 19.7 2.74
- ' Y
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Figure 5.22: Averaged Results of Probe Configuration 1/8 B
= & > S . g
+ Maximum Venturi Pressure Drop
‘Minimum Venturi Pressure Drop

Table 5.22: Averaged Results of Probe Conmfiguration 1/8 B
“
Average - Average Averaged :
Gas Venturi Dilution Standard
Velocity | Pressure Ratio Deviation
(ft/sec) (in H,0) .
35.27 8.7 17.2 0.69
35.37 20.6 .- 16.4 0.50
68.02 21.5 - 19.0 0.57
68.02 14.8 19.1 1.19
88.22 19.6 21.9 1.72

Mean Dilution Ratio 18.7 2.12
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Figure 5.23:, Averaged Results of Probe Configuration 1/8 C
- '+ Maximum Venturi Pressure Drop
. [0 Minimum Venturi Pressure Drop -
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Table 5.23: Averaged Results of Probe Configuration 1/8 C;

Average Average ' Averaged

Gas Venturi - Dilution Standard
Velocity' Pressure Ratio Deviation
(ft/sec) (in HZO) '

34,06 . 20.3 4.1 0.83
34.75 : 5.9 . 16.5 0.19

70.43 15.7 15.3 1.24

70.65 21.7 14,3 1.18

g1.51 . 18.8 12.0 0.66

Mean Dilution Ratio 14.5 1.67.
‘\/' "
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Figure 5.24: Averaged Results of Probe Configuration 1/8 D
+ Maximum Venturi Pressure Drop
. 0 Minimum Venturi Pressure Drop

G ¢

Table S,ZA{-Averaged Results of Probe Corfiguration 1/8 D

g Average Average Averaged .
Ve .Gas Ventauri . Dilution Standard ..
S Velocity Pressure Ratio Deviation
(ft/sec)  (in H,0)

‘34,18 - '%O.S 18.5 0.60

34.18 8.1 . 17.1 0.71

70.59 21.3 16.3 0.07

70.59 . 15.4 . 21.5 2.02

87.57 18.7 - 16.6 S 1.24°

. Mean Dilution Ratio = 18.0 2.13

(%3]
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Figure 5.25: Averaged Results o
’ + Maximum Venturi
] Minimum' Venturi

Table’%iZS: Averaged Results of

b=t
o
[# 4]
I
mw
0O
o

obe Configuration
sure Drop
sure Drop

n N

Probe Configuration 1/8 ABCD

Average Average ) Averaged
Gas JVenturi Dilution Standard
Velocity Pressure ’ Ratio Deviation:
£i/sec) (in H,0) - ' .
33.26 19.2° 7.1 0.10
33.26° 4.9 . 8.1 - 0.56
70.93 \ 20.2 2.4 N~ 0.58
’ : 70.93 12.0 © ’ 7.4 0.67 .
. 88.08 18.3 - o 7.4 .52
- ‘Mean Dilution Ratio 7.5 0.37
‘ ™~
’ ’ \\_\
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Figure 5.26: Averaged Results of Probe Configuration 1/16 A
+ Maximum Venturi Pressure Drop
0 Mipimum Venturi Pressure Drop

Table 5.26: Averaged Results of Probe Configuration 1/16 A

.

Average Average - Averaged
o Gas - Ventura Dilution Standard
Velocit Pressure Ratio - Deviation
(ft/sec§ (in H,0) :
33.90 20.3 34,7 3.06 7
34,12 5.4 68.9 4.83
69.69 17.1 40.5 3.81
70.15 21.0 39.9 1.63
§4.17 21.4 32.2 0.61
« Mean DilutijP/Ratio . 43,2 14.8
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igure 5.27: Averaged Results of Probe Configuratiocn 1/16 8.

Table 5.27: Averaged Results of Probe Configuration 1/186 B

Average
Gas
Velocit
(ft/sec

34.81
34.93
71.02
71.68
87.21

5

~
Average Averaged .
Venturi Dilution Standard
Pressure Ratio Deviation
8.2 51.8 1.87
20.6 49.5 4,78
21.6 33.0 1.51
13.9 36.5 1.18
21.4 39.2 0.72
Mean. Dilution Ratio 42.0 8.24
-~ &
S
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Figure 5.28: Averaged Results of Probe_€onfiguration l/lo C
+ Maximum Venturi Pressure Drop
Minimum Venturi Pressure Drop

Table 5.28: Averaged Results of Probe Configuration 1/16 C°

Average Average Averaged _
Gas Venturi - Dilution Standard
Velocity Pressure Ratio Deviation

(ft/sec) (in HZO)

st

34.50 20.7 33.4 1.57
35.10 4.8 - 45.3 1.40
65.50 « - 12.5 46.8 3.83
69.19 21.1 48.0 4.65
86.32 - 21.3 38.8 2.19
Mean Dilution Ratio 42.5 6.19

- 61 »
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Figure 5.29: AvE ged Results of Probe Configuration 1/16 D
‘S '+ Maximum Venturi Pressure Drop
[0 Minimum Venturi Pressure Drop

Table 5.29: Averaged Results of Probe Configuraﬁion 1/16 D

Average Average - Averaged
. Gas . Venturi Dilution Standard
Velocity Pressure ~ Ratio ° Deviation

(ft/sec) (in H,0)

34.36 20.4 31.1 0.95

. 34.36 10.7 38.6 3.35-

. 70.38 14.8 34.9 1.31
70.68 - 20.5 35.3 1.%7 *
86.06 22.% 27.7 1.42

Mean Dilution Ratio 33.5 4,20
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Figure 5. 30 Averaged Results of Probe Configuration 1/16 ABCD
+ Maximum Venturi Pressure Drop -
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Table 5.30: Averaged Results of Probe Configuration 1/16 ABCD
‘Average Average Averaged
Gas Venturi Dilution Standard
Velocit Pressure Ratio Deviation
(ft/sec§ (in H,0) :
. 34.04 20.1 16.1 0.76
/‘ 34.50 5.3 ° 22.9 0.87
68.03 13.4 10.9 0.29
‘ 70.63 20.7 10.1 0.73
* 84.74 20.7 16.9 0.57
‘ Mean Dilution Ratio 15.4 5.18
AN

iy
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Figure 3.31: Modelling the Sampl§ Process

The measured dilution ratio, DR, is related to the
‘volumetric flow rate through.the Venturi throat and the
volumetric flow rate through the sampling port orifice. This

magnitude is determined from the expression:

Qs * Q
DR.. e (1)
where: Q. = volumetric flow rate through the
. Venturil
Q_ = volumetric flow rate through the
Orifice

The volumetric flow rates can be calculated from: -



where: v > averaggggas velocity through the

. throat
v > = average gas velocity through the
orifice _
A = cross sectional arez of the Venturl
t
throat
AO = cross sectional arez of the orifice

-

Substituting Equations 2 and 3 into Equation 1 vields:

<v,2A  + <v _>A ’
DR = Lt 0 O i (a)
<VO>Ao .

Simplification of Equation 4 yields:

: <v. DA
DR = ==L 41 LLL........ (5)

<vo>AO

The standard expressions for f%aks through Venturi and

> and'<v°> according to:

orifice devices provide values of v,

<vt} = CV p ....... (6)
A
2g (p_ - P )
- c \"s t
<v°> Co p . (7)
s »

Venturi discharge coefficient

v
[}
H
bt
(@]
]

e C0 = orifice discharge coefficient

8. * gravitational constant conversion -
factor

Pl = pressure at.the inlet to
the Venturi

{i



..
2_ = pressure in the throat of
the Venturi '

'Y
]

pressure outside the probe
in the wind tunnel

FL = density of the gas flowin
- through the Venturi thrfﬁ%

A

ps = density of the gas flowing
through the wind tunnel

The respective cross sectional areas are calculated

using the expressions: . .
~ " . . A
. mTD. - v

A, =

where: Dt = diameter of the Venturl throat

Do

diameter of the orifice

Substituting the relationships for <v.>, <v >, &, and Ay

into Equation 1 and simplifying yields:

v

C % (¢, - p) D

c A (_1.:’1 ST ..(8)
o]

DR = 1 +
' o

/

To check if Equation 8 corpé}ates the measured data,
three tests were analyzed and reported in Table 5.31.

For these/Aests, it was assuméd that the d?fference
betwéen the values of Ps and PA is .negligible.

The value of C, was assumed to be 1.00 for. this initial



examination‘ggquuation 8. Similarily, the wvalue of Co was set
at 0.60. By design the magniEude of D, 1s 0.5 inches. The
value (?l-Pt) had been recorded as the average Venturi
pressure drop. Tests have ‘shown that the value of (?s-Pt) is
typically 1 inch of water for the probe configuration used.

1

Table 5.31: Comparison Between Theoretical and
Experimental Dilution Ratios

Probe . Average Average Measured Calculated
Configuration Gas Venturi  Dilutien  Dilution
z Velocity Pressure Ratio Ratio

(ft/sec) (in HZO)

LR,

1/4 A 70 20 12.3 - 30.8
1/8 &° 70 21 21.6 123.2
1/16 a 70 21 . 39.9 489.8

It is evident that Equation 8 predftts an increase in
dilution ratio with a decrease in orifice size. However, the
magnitude of the-change in dilution ratio predicted by the
equation is much larger than was actually measured.-In
addition, the equation'does not predict the correct
magﬁitudes of the dilution ratios. Consequently, it can be
concluded that this simplistic model does not explain the
-actual opération of the Venturi probe.

2. Positional Differences

Atcording to the discussion in Appendix III, the

relative randoim error involved in the evaluation of each



X

b

ar

dilution ratio is 1.4 %.
In order to examine the flow effects more extensivelys
and to provide a more realistic dilutioen value for each probe -
conf’ﬂurat*on, the experimental data were averaged with
respect to gas velocztv and dllutlon ratio. On this Yasis
each velocity classification and Venturi pressure drop

s s . ; . e
classification could be represented in terms of one average.

.

dilution ratio.

4 review of the data presented in fébl%5,5.16 to 5.30
demonstrates that most of the data can be géouéed within a
10 % range of the average dilution ratio. Thig spread in the
data would imply. that there'are factors affecting the results

- . . .
that cannot be attributed solely to the random instrumental

error yalue of 1.4 %. However, a total ;andom error of 10 %
was assumed for the assessment of the dilutiom ratios, to
allow a more realistic evaluation of the data.

Some of the experimental values, that were used to
calculate each average were not included in the finél average
that is presented. Any measured dilution ratio that caused
the standard deviapioﬁ of the'avéraged dilution ratios to
exceed this error value were excluded. It was concluded that

such determinations resulted from operational errors.

The dilution ratios that were determined for any single

1/4 inch sampling port agreed within the limits of this

experimental error. The dilution ratios that were obtained by
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opening all four 1/& inch sampling ports are lower than those
acﬂieved with a2 single 1/4 inch sampling port, as expected:°
These data show a high degree of agreement for a1l velocity
classes and Venturi pressure drops. Such agreement was not
evident when the smaller (i/8 inch, 1/16 inch) sampling ports
were used. ' - ,

For the 1/8 inch sampling ports, the use of a single
orifice in any of the-four positions provided a dilution
ratio that depended on the positizﬁ of the'port through which
the sample was collected. The highest dilution ratios were
achieved with the A sampling pésition. The;use‘of porﬁs 3 or
D produced dilution rafios that were higher ﬁhan those
achieved with port C. however, the dilution raiios that were
obtained using port B were higher than éhose related to port
D. Under some conditions-a changé in the average Venturi.
pressure drop caused a change-in'the achieved'dilution ratio,
when a single sampling‘pért was used. This variation did not
occur when all four sampling ports were used.

Sampling with the 1/16 inch ports also demonstrated
positional differences among:dilution ratios. For the
smailest orifices, port C provided higher dilution ratios
than those obtained when ports B or D were used. As in the
case of the 1/8 inch orifices, the dilution ratios achieved
~~.

using the B position were higher than those obtained by

sample acquisition at D. Differences in measured dilution

~



ratios resulted when the probe operatéd zt the minimum an@
maximum Venturi pressure drops for all single orifices at
lower air streah wvelocities. This variation alse occured when
| X
all four sampling ports were used.
The positional factor is related to the gas flow around

the sampling probe in thewind tunnel. There are differences
among diiutions obtained using different single ports and

there are also differences among the.dilutions derived using
the same probé'configuration at different wind tunnel gas
velocities and Venturi pressure drops. Differences in probe
performance due to external gas velocity and Venturi pressu:el\

. drop variations were not evident when 2ll four sampling ports
were used simultaneously, excepf for the 1/16 inch orifice
ﬁombination.

While quantitative studies of the flow characteriétics
were considered beyond the scope of this investigation, -a
qualitative interbretatioﬁ indicates that fluié motion around

the probe body causes the positional differences in the “
measured dilution ratios. It may also account 'for the
differences illustrated in Table 5.31.

One explanation for the positiohal differences may be
provided in terms of the pressure distributions around a
cylinder. Typical pressure distributions around a cylinder '

are illustrated ij/Figure 5.32 {1].

Recalling that position A is on the leadiﬁé surface of

& | - _



the probe body, with respect to the gas flow, and position C
is on the trailing surface, and that positions 3 and D ar

oriented at 90 degrees tc the flow, it is reasonable to :
. v

S0 o . . s i = e siee:

expéct that dilution ratios derived from the use of different

sampling ports will have differenmt valuzss for any specific

wind tunngl velocities-and Venturi pressure drops.

Figure 5.32 illustrates that gas flow arouné a cylinder

-

produces a positive pressure in fromt of position A, which is

at the 0 d locati ' ® z
at the egree location. - . .
- -
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Figure 5.32: Pp#ssure Distribution Around a Cylinder due to
ternal Gas Flow [1] )

N - s
The pressures in the vicinities of ports B and D are

equal, and slightly negative. The pressure behind pofition C
is more megative than at any other sampling point.

'gince the driving force for the sampling process is the

. -
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any- other

According tc this argumen af the measu*ea dilution ratios

would be lowes:t at positiecn.4, and righest at position C.
" - : ‘
Eowever, this trend was -not evident.

When sampling port B was used the dilutiom ratio
obtained with the 1/8 inch insert was higher than the valu

obtained usi This variation wad-also evicent wne

a }
U
g

19

tH

it
le)

3 : . .
" the 1/ lo inch insert was instdlled. These variations may

due to flow disturbances created by the S-type
Bt

‘mountad ‘between DO~L positions A and B. Even ml

!J"U

«

irregulawtfies ®reated on the probe surfac
v .

flow mear port B, enough to effect. dilution ratic

achieved wheh using this pgrt. - .
Deviations .from. the gesults expected on the basis of
simplistic modelling may result from the changés in the

characteristicé.of”the sampling port wher the 1/8 inch and

l/lb _nCh inserts are installed.

» Ta .

‘The use of a 1/4 inch sampllng Qort requires tha; all
-

the amount of samg

€
Y|

De

the
4

inserts be removed from the openlngs: ‘As 2 result there is a
': - ' - . w
1/2 inch entr ance to .the sampling port, with a 1/4 inch
C
'. -
. - .- -
- - .

.

~J

(RS
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m

threacded plug that has a 1/+ inch hele drilled threough
These modifications generate more cemplex Ilow conditions

than exist when the 1/% inch size is used. Conseque.-"v, it

can be expected that the flow of sample through the smaller

anticipated. :
To & cepre - Shilieisc af she Vemtucl i
To cemonstirate the cepabllities of the Venturi sampling

o
'J
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3. Samplinz Consicderations

-

Since this device was being evalLa:ed te assess 17sg
. : * 1]

-

v to the sanm

[E

ica

applicabilit pling of odourous stack egissions, it
i4 importan: tc de¥ine difficultiies that might De \experiehcec,

under field conditicors. .

.. p Of primary Toncern is the deposition of particulate matter

around-and Ynside the orifice opénings and throat of the

Venturi. This contamination could have two effects
- 'The first problemideals with the blocking of the
ot - s 3 .

Lo



L]

Table 5.32: Prebd
65 24
Average
Gas
Velocity
- -
(fr/sec)
33.54
35.5s4
70.67
70.67
Rg.3%
Table 5.23: Prob
7.3
Average
Gas
Velocicty
(fr/sec)
33.2¢%
23.26
70.93
70.63
§8.C%

Table S:?k1 Probe Configurations Which Provide Approximately

[l 11]
[

0
O
o]
th

'S

Venguri
Probe
Configuration

1/4
174
1/4

1 /

1/8.
1/5

1/%
1/8

ABCD
ABCD
ABCD
ABCD
ABCD

ABCD

ABCD
ABCD
ABCD

_ 10 Dilutions
ﬁl . -
//Avefage Venturl
. Gas Probe
Velocity Configuration
(£z/sz2c) |
.S .
S 35.02 1/4 C
/// 35.46 1/4 C
68.03 1/16 ABCD
‘ £3.98 + 1/4 C
§6.42 1/4 A

igurations which Provide Approximately

Average

Venturi Dilution
Pressure - Ratio

Ain HZO)

oy gy O
&
L O W

Lol Sl Se il o

WO O o0 L)
. .

OO )

gurations wWhich Provide Approximately

-

Average

Venturi Dilution
Pressure Ratio
(in H,0) .

10,2 7.1
4.9 g§.1
20.2 7.4 .
12.0 7.4
16.3 7.4

“Average

. Venturi Dilution

‘Bressure, Ratio

(in.Hzo)

20.3 10.9
8.8 16.9
13.4 10.9
18.0 9.4
19.7 10.9
“‘"-



obe Con--bL*atzons Which Provicde Appr ox*na;e‘x
5

5 Dilutiens

"Average venturi Average
Gas Probe Venturi Dilution

Velocity Configuration Pressure Ratio

(ft/sec) . (in H,0)
34,496 1/4 D 10.5 11.8
34.57 1/4 B8 7.8 12.2
35.65 1/4 4 19.86 11.5
35.96 17404 5.8 12.1
69.21 . 1/4 B 21.2 13.5
70.40 “1/4 A 20.8 12.3
70.51 1/4 D 206 12.3
70.51 1/4 D 15.5 12.0
§1.51 /8 C 18.5 12.0 -
86.71 1/4 B 22.3 12.3

D 18.7 12.3.

88.23 1/4

Table 5.36: Probe Configurations Which Provide Approximately
15 Dilutions ' :

.
Average Venturi Average
Gas Probe Venturil Dilution
Velocity Configuration LPressure . Ratio
i : (ft/sec) g (in H O)
34.04 1/16 ABCD 20.1 . 16.1
34,04 . 178 C 20.3 14,1
35.37 1/8° B 20.6 - 16.4
35.48 1/8 A 7.6 15.8
$9.21 1/4 B 13.7 15.2
70.43 1/8 C 15.7 15.73
70.65 1/8 C 21.7 . 14,3

+

~!
u



Dilutions
Average ‘ Venturi = .Avergge
Gas Probe Venturi Dilution
Velociwy Configuration Pressure Ratio
(fr/sec) (in HZO)
34.18 1/8 D 20.5 18:5
34.18 - - 1/8 D g.1 17.1
34,75 1/8 C 5.9 16.5
35.27 -1/8 B §.7 17.2
35.48 1/8 A 7.6 17.8
- §7.57 1/8 D 18.7 16.6

Table 5.38: Probe Configurations 'Which Provide Approximately
20 Dilutions

Y
Average. . Venturi . Average .
Gas : Probe Venturi Dilution
Velocity Configuration Pressure Ratio’
(ft/sec) (in H,0)
69.81 1/8 A 15.4 16.9
70.18 1/8 A 20.9 21.6

88.22 1/8 B 19.6 21.9

* Table 5.39: Probe Configurationé Which Provide Approximately
" 25 Dilutions

Average . Venturi Average
Gas Probe Venturi . Dilution
Velocit Configuration Pressure: Ratio
(ft/secg (in H,0)
34.50 .. 1/16 ABCD 5.3 22.9
| ®
T s
76 '(



Table 5.40: Probe Configurations
g
30 Dilutions

Average Venturi
Gas Probe
Velocity Configuration
(ft/sec
34.36 1/16 D
86.06 1/15 D
Table 5.41: Probe Configurations

35 Dilutions

{

Average " Venturi Average ’

Gas "~ Probe Venturi Dilution
Velocity Configuration Pressure Ratio -
(ft/sec) (in H,0) )

33.90 1/16 A 20.3 34.7

. 34.50 1/16 C 20.7 33.4
70.38 1/16 D 14.8 34.9
70.68 1/16 D 20.5 35.3
71.02 '1/16 B 21.6 33.0
71.68 1/16 B 13.9 36.5.

Table 5.42: Probe Configurations Which Prowvs Approximately
. 40 Dilutions
L . &
Average Venturi - Average _

Gas Probe Venturi ™ Dilution
Velocit Configuration Pressure _Ratio
(ft/secg (in HZO)

34.36 1/16 D 10.7° 38.6
69.69 1/16\A 17.1 40.5
70.15 ™ 1/16-A 21.0 3949
86.32 1/16 C 21.3 38.8
87.21 1/16 B 2L.4 - 38.2

»
)

~1
~1

Which Provide Approximately

Average
‘Venturi Dilution
Pressure Ratio
- (in HL0)
20.4 31.1
22.1 27.7

~

which Provide Approximately

e



orifice openings by cdeposited particulate matter. This
deposition is likely to be of greatest concern when the TTatk
has a high moisture content. The decrease of flow through an
orifice, due to increased pressure drop, would alter the
dilution ratioc in an unpredictable mannér. Resolution'of this
problem is of prima;y importance to the %;mpling of -numid
stack gases Eontaining relatively high concentrations of
partiiculate matter.

- ke second prob%gm_is related to the tranéport of

particuldre matter into the sample bag. Since undesirable

\ .- .
particles %;s conducted through the sampling tube they can be

contfollé&.tﬁ loca;iﬁg a glass wool plug at ¥heexit of ghe

tube. Tests show that this meﬁhod of particle ntrol will

not alter the dilution ratios, but will increase the sampling
time.

Al%,experimenté were conducted at temperatures an
'pressurek/that were in the range of normal ambient

conditions.  To examine the effect on the dilution ratios when

sampling sources that do not operate within this range of
conditions, it is sdggested that the ideal gas law can be
used to adjust the volume of the odourous stack saﬁgiz“to the

sample bag conditions. This correction’ is demonstrated in the

-

following example: !
‘ . - : s L
Given a dilution ratio of 2D, obtaiggd for.a wind tunnel
. > T .

‘temperature of 70 degrees Fahrenheit” and one atmosphere *

- -

R



t 3

pressure, with similar ambient conditions, determine the

effect of sampling a2 stack at a2 temperature of 700 degrees

Fahrenheit and a2 stack pressure of one atmosphere.

-

The laboratory sampling and diluting conditioms are

illustrated in Figure 5.33.

.

wind Tunnel Sample Bag

T
st’ Psb

Vsb’ “sb

-

Figure 5.33: Laboratory Conditions

The dilution ratio is determined by the following

expression:

L

Coc | -
DR = & e (S0

Csb - - -

where:: DR dilution ratio -

concentration of SF6 in wind tunnel

8]
£
£

!

(ppm) o
"C.y. = concentration of SF. in,sample bag
' - ST U B .
. sb :

el



V., = V_ +V
sb P o

o = volume of sample from wind tunnel
(litres) b

V_ = volume of diluting air from pro?ﬁ
(litres) .

vsb = volume of sample bag (litres)
\

Substituting the expression for Cep into Equation 9

}’ields: ) a =,

(C )V + V)

DR 2
(e, V)

(V. + V) ' s '
= B C ... .(10)

Vv
(¢

4

The ideal gas law can be used to relate the témﬁerature
- #
and pressure of the stack sample to the conditions of the probe

dllutlng gas and the sample bag.

{\Aé;lylng the ideal gas law yields: - .
(P IV = (n)BRNUTDenrnrenennnn. a1
Yt where: P, = stack pressure :Q
! .oV, = volume of sample at stack conditions ‘

a_ = number of moles of gas collected from the
stack :

R = universal gas constant’

T _ = stack temperature

-



P (Y = (n . )(R)(T 2
(P ) (Vo ) = (ag) (AT ) e emnneenniens (12)
where: Psb = sample bag pressure. :
T
. vy, = vdolume cf stack sample at sample bag
conditions
Ny = number of moles of gas collected from the

stack

Ty = sample bag temperature

The number %ﬁ moles of gas collected from -the stack, a_.

and transferred to the sample bag, PR will be identical.

Therefore rearranging Equations 11 and 12 to.solve for the

corrected sample

(V)

Ts

volume yields:

T3

-

(P )V ) B . Y
= _sbliot .. i (13) ‘ -
' st . T

‘.

\// It can be assumed that the pressures in the stack and in .
the

sample bag are essentially'the same, and therefore:

: 2 o
v Y -
. —= = =2 .l R S (14)
TS TSb s
3 o (T
. MRLEVAAEUSS e (19)
T _ o T e

s

.

"Substituting Equatioﬁ (15) into Equation (10) yields:. )

(W %V, )

e
-1



Voo (T (VO I/TY)
T (VO AT

Recalling that a dilution ratio of 2( is based on 19

parts of diluting a{: and 1 part sample gas, and

that the given stack temperature is 700 °F, and the sample
bag temperature 1s 70 *F, the carrected dilution ratio
bARE 4

becomes: ’

18 + (((70 + 480)(1))/(700 + 480))
(((70 + 460)(1))/(700 + 460)) .

= (19 + (530/1160))/(530/1160) ) ///A

=" 42.6

ifithe sampling probe éxtracts 1 volume of odourous gas at-
stack conditions for every 19 volumes of clean air. |

Con51der1ng that the. ungorrected dilution ratlo is 20,
while the corrected »alue is+42.6,: it 1is obv1ous that it ig t‘\é
necessary to apply this correction to any measurement where
the stack conditions differ from the ambient values.

It is noQ necessary to evaluate the effect that
laboratory conditions had on the reported results. The
highest temperature recorded in the wlnd‘tunnéi was 96 °F.
The room temperéture at ﬁﬁis-t%mé was 69 °F. Tae measured

dilution ratio for a typical ‘experiment was approximately 34.

Using these values in the developed Equation yields:

¢ N .



vo o+ [(T ) (v )1/T)
[(T,)(V)1/T )

DR =

T 33+ ((69+480)(1)/(96+260))
((69+a60)£1)/(96+a§95).'
33 +0.95

0.95
.35.7.

This magnitude is well within the 10 per cent
operational error vaiue‘tha;-ﬁas assigned to the dilution
ratio calculations. Consequently, the minor temperature
differences_thaf existed‘duriqg thre laboratory investigations

g;ééted.insignificant variations in reported dilution

f

. factors.

! -
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VI. Conclusions andé Recommendations

A. Conclusions -

The data collected dufing this investigation indiczate
. . s

that the Venturi, dynamic dilution, sampling probé operates

i . > .
well in clean ‘air streams. The wide range of .dilution ratios
™ ) . ! -

. . y 2
achieved in the laboratory provides adequate capabilities Zor
practical field studies.

. B . . L - -
Operation of the probe is simple. I¢ eliminates the n@ed
~ .
for constant monitoring of pressure measuring devices "that

[
-

determine flow rates.
. M a .
) It has also been demonstrated that the probe can be

operated over a wide range of stack velocities, provided that

-the particulate matter loading is not excessive.

- -

Under field conditions it is important tc monitor the

. ‘ T _
stack temperature in order to establish_the temperature

‘difference bgpween the stack and the sample bagy AS
3 . .

- r

demonstrated earlier, this temperature difference cam have 2
significant effect on the value of the measuifd dilution
ratio. _ 7

B. Recommendations

The first priegfity is tofcomstruct a probe from inert

Y
In order to establish.the practicality of the

- device under actual field sampling situations. The mitprial

of construction should be a high-chrome stainless steel to -

ﬁ' ‘provide thermal and mechanical stremgth as well as freedom



from odour contamination. s

In addition to testing the probe under actual sampling
— A conditions, it is important to deiine the problems associated: -

with the sampling of gas streams with.high particulate matter:.

-loadings. This investigation would establish the importance

of dontaminatiEn of thé sampling ports'by;?a;;icplg;e_ma;ter.
Furtﬁer theoretical studies shouldhggr;ndéétakén £o"
resolve the naturé of the gas flow around the probe body.
They would be’bompiementary to computer modelling of the
.. dilutibn process. These iﬁvestiga;iéns would help to optimize 7
thle. design of future modifications through computer
Hﬁ.simulétion. The efforts ‘and expense of building apd testing
different versions of the basic device would be reduced
considerably.
‘although it has been shown thar, in principie,

differences between stack and ambient temperatures can be -

" accounted for by applying ideal gas law corrections, it is —— .

important to validate the predicted dilution ratips by
—— 7.7 .comducting laboratory investigations with the -wind tunnel
T4 v LN Aty | C . .

e e

- ~opérating at relatively high temperatures. It is recommended

*. .. that the heat exchanger in the wind tunnel be connected to a

Derteinyg N - . . . . Lt .
stéam line to provide circulating gas temperatures of at
least 300 °F. )

N o
- _“.‘: . -
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Appendix I: Ve,lc.ic:it.y Distribytion Determination

C



. - .
- - ‘-

. This appendix’qutlines thé process whereby'the velocity

'jdist ﬁbu;ion“iﬂ eHe vlmd tunnel was, dete*nined Included in

“thﬂs study aas an observat*on of the stabll*ty of the gas

SN
»

velocxev in the wind tunnel.-

" A. Equipment '___‘_ LT N

o 0T ST
The following is the list of equipment used ‘in this

deeermlnatlon' . ST L

1) Wlnd-Iunnel . S e

" 2) Precisibm Manometer e

3):Standard Pitot Tube supplied with' Precision
' Manometer, 1/4 inch 0.D. (Calibrating)

4) Standard Pitot Tube mounted permanently in Wind
‘.. Tunnel, 1/8 inch 0.D. (Reference)

"

L 5) Psychrometer -
- 6) Mercury Barometer BRI
. Y
B. Experimental . E
? The experimental procedure for this determination

L. -

followed the Ontario Ministry of the Environment Source
Testing Code [i]. . _
1) The standard pitot tube that was supplied with the

. precision manometer, (hereafter referred to as the
calibrating pitot tube), was installed with its nose
-positioned on the intersection points of an equilateral three
by three grid, perpendicular to the air flow. The positioﬁ of
the pitot tube and the various sampling points are L:

illustrated in Figure AI.1. :

-

2) The winﬁ tunnel” was set to a predetermined’velocitﬁ,
and allowed to stablllze for 5 minutes. During this tlme, |

Toom atmospherlc pressure and temperature readings were

5'7 Cee ® . :

88
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-

takén.

3} After the wind runnel gas velocity had achieved—a
steady re%ding on the manometer that was attached to the
installed referencg pitot tube, a static pressure reading was

taken.

, 4}-§%agiii,-readings were taken with the calibrating
pitot tube at the nine poSitions across the throat of the

&

Venturi which are depicted in Figure Al.2. These readings
were taken ovér approxiqé%ély one minute,.and were repeated
three times fot each posi;ion.

Velocity. pressure readings were also taken with the

reference pitot tube at the beginniag and completion of each
" : K =

-8 -

S0

AN

set of nine pressure readings, as well as once during each .

N

. - 4
set of nine,- after the fourth velocity pressure reading was

recorded. : Y

~

S) The described brocedure was pérforméd initialiy fdf{h

<
b--

velocity of approximately 90 feet per second. Determinatidq§I ,.'

-%wqre“repeated for velocities of 80, 70, 50, and 20 feet per.

second. These values include the operating velocities that

,

would be used to evaluate the Venturi—probe.

"o
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¢ Calculations

3 Tt . 2

"-To convert the velocity pressure "ceadings into
velocities, the following formula [Z]Wwas used:

7, Us = (85. 33)(Cp) (&P)(TsY) 172
S T ,:. Ms) (Ps
where Us = Point Velocity (Ft/sec)

.. .Is.= Absolute Stack Temperature (°R)
v Ps = Absolute Stack Pressure (in Hg)
Ms = Stack gas molecular weight, wet basis

(1bm/1b mol) el T M
e . . Cp = Pitot tube coeff1c1ent :
. NP = Stack gas velocity pressure (in H20)

.
LN
-, -

Io thlS study, the standard pltOt tubes were of

e111p501da1 deszgn. This . conflguratlon allows determlnatlon

of the pltot tube coefflclent from measured dlmen51ons.

Follow1ng the procedures outllned in the Wlndsor Stack

Sampllng Notes [3], the dlmen51ons of the pitot tubes" were

L evaluated These values were used to-determlne the pltot

‘.‘- v

‘ .-‘

coeff1c1ents u31ng the calibratlon ‘turve’: lllustrated in

-

) Flgure AI.3. Ihe pltot tube coefficients were

i

- o

0.9975. - ‘:.-'t - . . -;‘:’:, -,-‘-. < : ‘.‘- L

- X v

founﬁ to be;

tube

) P

.- \\-.

The stack .gas veloclty pressure, LBP is determlned by,

‘multlplylng the scale readlng obtalned from the 1nc11ned

- 2
% ‘-

manometer by the approprlq.s scale factor.

The volume fraction of water vapour in the stack gas,

Bwo, was"® calculated from psychrometrlc data 1nvolv1ng wet and

dry bulb temperatures. The calculation of relative humidity,

~ absolute humidlty, and Bwo are; described in AppeﬁdiihlI.

Pt S e

' -

Lh} -

\\ A

-t
b
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The moleEulér we*ght of the stack gas (s) was .‘3

' 1,3calculated uszng the formula [2]: ~g

Ms Md(l Bwo) + 18(Bwo)

The dry molecular welght cf the alr, Md, was determlned
by mulrlolylng the tradltlonal mole fractions of nltrogen and
oxygen by the approprlate molecular helghts. It was assumed
that this would bo-gq adequate app:oxlmgétoo‘\-

T r_gbg“actuol vélumetric flow rate, Q, is given by.[2]:
| Q = (Us)(a)(60) [ft*/min}

where A = cross sectlonal area of stack .o
~at the point of velocity measurement

To convert the actual volumetrlc flow rate to a
- N .

volumetrlc flow. rate—en—a dry basfs at standard condltlons,

" the follow1ng formula was used [2]:

: Q = Q(1-Bwo) (Tref)(Pstack)
- o OEY ref (Tstack){Pref) &

~.where Tref = 537 °R .
Tstack = stack temperature, °R
-, Pref = 760 mmig ~
v “Pstack = (Pbarometric - Pstatlc), mmHg

The Reynolds Number, NRE, for the flow was determlned

from the standard expression:

= () (V) (Deg)

@ ﬂ- . X

where Deq = equivalent diameter, ft

R V =raverage velocity, ft/sec

: - p = demsity of air, lbm/ft’
. .- B '~= viscosity of air, lbm/fthec

The equivafopt diameter of the square cross section

— )

p
o



‘*“*ﬁfﬁ‘tondltlonst Lo . _ .

—-ealculatlons, The values used were [3]:

where, the velocities were measured was determined by dividing

. the cross sectlonal area bytthe wetted per*meter {2] In this

‘case the equlvalent diameter was one foot.

e Slnce the value of the Reynolds Number was used only to

"determlne whether the flow was turbulent or lamlnar, standard-

N

. values of den51ty and v1scoszty were used to 51mpllfy

T P=0.07528 1bm/Et*, -@ 68°F, 1 atmosphere
_;1- 1.21 E=-5 lbm/fthec, @ 60°F, 1 atmosphere

The veloc1ty used for these calculatlons was.

der:ved from the dry volumetrlc flow rate at standard

, . - . -

~

,7-1. N % N

D~ Discussion”™ . ~

- Y "'*-

The results of the veloclty drstrlbutlon determlnatlon

are. presented in Tables AI.S5-1a to Al S Sd -The results are T

summarlzed in Flgures Al.4 to AL. 8 There are- three major

1

concluszons that can be reached after rev1ew1ng the data.

‘W On the basis of the Reynolds Number values (NRe > 2200)

the flow of gas in the wind tunnel was turbulent throughout

the range of .velocities that were used to evaluate the,probe.

-

Turbulence is importanmt since it ensures that the tracer gas

‘v.-l

will be fully mixed with the stack air prior to sampling.
The second conclusion is that the reference pitot tube

readlngs agreed suffmczently -with the calibrating pltot tube

data. to be considered accurate and precise throughout the-

\-

velocity ranges used.
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; Table AIL.5-la: Velocity Traverég

DATA 'SHEET #1, DECEMBER 2, 1985 '
VELOCITY TRAVERSE FOR WIND TUNNEL .

-~

Static pressure from reference pitot tube

_.&bsolute Humidity

A'Jeragg

ﬁésults-(QO fr/sec)

LI

C Twetr®R . TIME (MIN)

Measured Actuéi
: - _ (IN H20)
Initial 7.80. T - -1.56 - \
" Final " b.85 -1.37
Average Sté:i; ?tessﬁ%e:“" =1.47 - ’
Humidity Caleculation
. Tdry*F  Twet'F dry *R
INITIAL 75.00 57.00 53% .70 516.70
. FINAL §2.00 61.00 541.70 520.70
-7 CHANGE  7.00 - 4.00 _
T AVERAGE  78..50 59.00 538.20 518.70
\ - Kdzy Rwetr
INITIAL - 3.28 - 3.30
. FINAL - 3.28 3.30
: ' Pdry Pwet
INITIAL 22.28 - 11.93
.- . FINAL 2B8:05 13.76
BAROMETIRIC _ . . Pmi Pmf
PRESSURE 740.90 -+ 742.80 - 4,97 5.83
~ (mm Hg) Average 741.85 -
; RHi RHE,
- -, 31.22 . 28.28
' ' DE;IA RH . 2.94
' INITIAL FINAL |
.0091525316 .0104381978

.1648859133 1880476204

.0059181149 .0067409627
Bwo .0093884758 .0106798973
Bwo .0100341866. .
(-—d'\

96

S

M



Table AI.S5-1b: Velocity Traverse Results (90 ft/sec)

—p—

PROBE - TIME . ELAPSED © = MANOMETER  ACTUAL VELOCITY
POSITION- sraxr ~STOP TIME READING DELTA P (ft/sec)
18~ 3.00 4.00 1.00 9.34 1.87 91.07
3a 5.00 5.80 .80 9.20 1.84 90.39°
3b $.30" 7.00 .70 9.05 1.81 89.65
1b 7.70 - 8.50 .80 9.10 1.52 . 89.90
ic 11.00 12.00 1.00 9.00 1.80 ° 89.40
3c 12.40 13.50 1.10 £.90 1.78 88.90
2 - 14.00. 15.50 1.50 8.85 1.77 88.65 .
2b 16710 17 .00 .90 g.81 . 1.76 BB.45 ¢
2a 17.50  18.70° 1.20 8.90 1.78 88.90
la 22.40 . 23.80 1.40 8.91 . 1.78 88.95 -
3a’ 24.30 - 25.30 1.00 8.79 1.76 88.35
3b 25.90 27.00 1.10 8.73 1.75 88.05
1b 27.70  28.70 1.00 8.70 1.74 87.90
1c 31.30 32.60 1.30 © 8.62 1.72 87549 -
3c ©33.30 34.30 - 1.00 © 8.55 1.71 87.14
2c 35.0Q 36.00" _ 1.00. 8.50"- 1.70 86.88
2b 36.50 37.50 1.00 o 7.91 1.58 83.81
2a 38.00 39.00 1.00 * ' 8.56 1.71 87.19
1a T .42.40 43.40 - 1.,00 " 8.55 1,71 87.14
3a -~ 43.90 45.00  1.10 8.55 - 1.71 87.14 °
3b . 45.50 46.50 " 1.00 - 8.41 - 1.68 . 86.42
»1b . 47.10 | 48.10 1.00 8.40 . 1.68 7 86.37
e 50.50 .. S51.50 . 1.00 8.31 1.66 , 85.91
3e 52.00 53.00 1.00 8.30 1.66 85.85
2¢ . 53.70 54.90 1.20 8.20 © o 1.64 85.34
2b 55.60 56.60 1.00 8.05. 1.61 °  84.55 -
2a " 57.10 58,10 . 1.00 8.25 1.65 85.60
ELAPSED TIME .~ . :AVERAGE - AVERAGE VELOCITY 87.81
{MINUTES) - SAMPLE TIME - (ft/sec) -

55.10 . - 1.04 RANGE . .. ~ . 1.26
“nnnu!nnu;-nnunau nnnnnnnnnn nu;--:wm
PROBE . TIME ELAPSED MANOMETER ~ ACTUAL 'VELOCITY
POSITION START ° STOP TIME . READING " DELTA P - (FI/SEC)
~Pref 1.00. . 2.50 1.50 - 9.00 © 1.80 ©  89.40
Pref 9,00 10.00 . - 1.00 - . 8.83 - 1.77 88.55

. .pref . 19.10 20.10 - 1.00 ' 8.60 1.72 87.39
Pref . 20.30 21.30 + 1.00 °° 8.58 11,72 0 .87.29
Pref 29.30 . 30.40 . -1.10 8.36 ' 1.67 - 86.06
Pref 3.30  40.30 1.00 . 8.19 1.64 . 85.28 -
Pref 40.50 41.50 "1.00 8.15 . 1.63  ~85.08 '
Pref -  48.40 49.50 1.1 8.11 1.62 .. B4.87
pref - 58.30 59.30. 1.00 7.91 1.58 83.81

_ELAPSED TIME AVERAGE - AVERAGE VELOCITY 86. az
58.30 . .SAMPLE TIME (FT/SEC) .

" 1.08 RANGE 5 59
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Table AI.5:Ic: Velocity T

~
-
PR
-~
E)
-
™
“
-
sk
.
JIC
3 A1
T
Y
-
4
P
Y
-
-
.
>
-
o b
"
KN
-t
T
™
s
T
Ay x
-
- N
-~ - LA
B B
\‘ -~
Vo .
PR &
o~
R
-
S Y
~
- -

PROBE -, ELAPSED DELTA P DELTA P

POSITION TIME -  READING

1A 40.40 . 1.79. ST
1B 43.80  1.75 . . .14 -
1c 40.50 . .1.73 - .14 - N,
24 40.60 - 1.71 . .13 .0l
28 40.50  1.65 % . .15 .
2¢C 40.90  1.70 . .13~

3A 40.00  1.77 i 13

3B 360.20 1.75 7 .13

3, T40.60 1.72 .12

Average Stack Temperature (*R)
. Average Stack Pressure (inHg)
Average Molar Water Content {Bwo)

PROBE ACTUAL Q Q
POSITION DELTA P (cfm) (dscfm)
1a 1.87 .7 54647 5032
3a . 1.8B4 5423 4994
. 3b 1.81 ~° “5379 4953
~1b 1.82 5394 4967
i T 1.80 5364 4939
3c 1.78 5334 4912
28, 1.77 5319 4898
2b+ . 1.76 5307 4887
2a " 1.78 5334 4912
la ~ 1.78 5337 4915
3a 1.76 5301 4881
73b 1.75 5283 4865
ib -~ 1.74 5274 ~ 4856
lc T 1.72 5250 453
3c St 1.71 5228 4814
2c =1.70 5213 4800
2b 1.58 5029 4631
2a .71 5231 4817
la 1.71 5228 4814
3a 1.71 5228 4814
3b 1.68 5185 4775
1b 1.68 5182 4772
lc 1.66 5154 4746
3 . 1.66 5151 4743
2e 1.64 5120 4715
2b 1.61 5073 4671
2a 1.65 5136 4729
3 oy
Tt S
e v L] -
R L
N “
o < ! »
‘_'_ L9 3‘
. . - "f':‘_- » 1~ " 14
- [ 3

89.07

88.07

- 87.61
87.24
85.63

~, B6.97

88.64
88.05
87.3z2

. 538.20
28.42

.01003418686

. AVERAGE. . . VELOCITY
READINGS  VELOCITY . RANGE =

. 3.946
3,53 .

raverse Resﬁlts (90 ft/sec)

3.50 °

3.31

3.90"
3.32 -

3.25
3.23
3.05

" Reynolds Numbé:

521935
518009

513768

515186

1512347

" 509493 -

508060 "

" 506910 . -
-.509493 -,
509779 % .,

506334
504603
503736

501414

499374

497912 <

480321 <+

499666

499374
499374 -

495269
494974
492316
492019

489046 .

| 484553
490535
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. Table AI.3-1d: Velocity Traverse Results (90-ft/se,c.) .
@ “ PROBE  ACTUAL Q g Reynolds \u::be" b
_ POSITION DELTA P cfm) (dscﬁm) _-TTT aus
- Pref . 1.89 S36an  elZB3ge —12347. ~ . .»
* T.- Pref 1.77 5313 4893 507485
Pref 1.72 5244 4828 500832 e T oA
. ) ?ref, . 1.72 5237 4823 500250
. S Pre? ‘1.67 5164 4755 493203
B Pref 1.64 5117 4712 | 488748
Pref 1.63 5105 L700 -~ ~—¢% 4B7533 )
Pref 1.62 5092 GEBS™ v . 4BBISS it Rt
N Pref-.- 1.58 5029 4631-~ \.QBOJH e
R e »> . T w ¥ -
. L. Ay
. ~ . -~ e \ o \;: :’ - .’:J"lv
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- e o b P
- N
} -~ prec
L ey * _-=='
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" §:atic pressure frod

ATZ: DECEMBER ;1985

[y =0

e g Measured
Initial 6.10
FTinal 5.85
o -
o, -~

Average Static Pressure
-]

s

reference pitot tube

Actual
(I8 H20)
-1.22

-3.13

+

-1.18

8

ft/sec)

txnnna-xxnxnasn-iﬂnnnAﬁuauqannnn»xunxunpnnnnnn--a;nunxu»-w:nrxn--nnnxn--n-.

Humidity Calculation

+Idoy®F  Twet‘F
INITIAL - 72.00 - 49.00 .
FINAL £1.00 © 54.00
CHANGE 9.00 5.00 -
AVERAGE 76.50 °  51.50
TN INITIAL
FINAL:
- INITIAL
_ FINAL
'BAROMETRIC '
PRESSURE ~'755.72 756,17
(mm Hg) Average 755.95
Absolute Humidity
Bwo
Average Bwo
- .
-

L

Tdry R
531.7C 508.70
540,70 513.70
536.20 511.20
Rdzy ™~ Kwet— --
3.29 ~ 3.31
3.28 3.30
pdry . Pwet
2C.15 8.89
27.16 - 10.70
Pmi- Pmf
£.45 7.60
RHi .- RHE
12.12 11.41
DELTA RH .71
INITIAL FINAL
.0032140311 .0040771185
.0579018430 .0734506519
.0020248847 .00Q25693443
.0032322326 0040977678
.0036650002 .
100

Twet *R

TIME (MIN)
2.00
64.80"
62.80
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Table Al.5-2b: Velocity Traverse Results (80 ft/sec)

-

-

TIME

ELAPSED . -

MANOMETER  ACTUAL

5%.90

1.21

101

RANGE

PROBE - VELOCITY -
POSITION START STOP, .. - -TIME- READING DELTA P £fr/sec)
la 3.10 4.60 " 1.50 7.4 1.48 8§1.12
3a S5.00« 6.00 1.00 . 7.35 1.47 -80.79
3b "6.80 7.60 1.00. 7.13 © 1,43 79.57 *©
15 §.00 3.00 . 1.00 . 7.25 1.45 80.24 "
ic . 11,20 12:.20 1.00 7.20 1.44 79.96
3c 12.70 13.70 1.00 7.17 1:.43 79.80~+
2c 14.20 - 15.20 1.00 J.10 1.42 79.41
_3b 15.80  17.50 1.70 7,12 .. 1.2 79.52
2a 18.20 1920 1.00 7.20 1.64 , 79.96
la 25.20 26.20 1.00 7.15 1.43 79.69
" 3a 26.60 27.60 1.20 7.10. 1.42 79.41
3b 25.20 29.20 1.00 7.05 1.41 29,13
15 29.50 . -30.50 1.00 7.04 1,41 79.07 -
lc 32.70 4, :33.70 1.00 7.01 1.40 78.90
3¢ . 34.00 35.00 1.00 6.95 +.39 78.56
2¢ - 35.30 36.50 1.00 6.95 1.39 © 78.56
b - 37.00 38.00~ 1.00 6.88 1.38 78.17
2a 38.50 39.50 1.00 6.98 1.40 78.73
la 33.80  44.90 1.10 6.96 1,39 78.62
3a 45,40 46.40 1.00 6.85 1.37 78.00
3b 47.00 48,00 1.00 6.80 1.36 77.71
ib 48..50 49,50 1.00 6.85 1.37 78.00
le 51.80 52.80 - 1.0Q - 6.80 1.36 77.71
3e 53.50 54.50 1.00 6.82 1.36 77.82
2c 55.20 56.20 1.00 6.80 .7 1.38 77.71
25 56.40. . 57.40. . 1.00 6.70 - 1.36 77.14
2a .. 58.10 *.59.10 1.00 6.80 . 1.36 77.71
ELAPSED TIME AVERAGE AVERAGE VELOCITY . 79.03
(MINUTES) SAMPLE TIME (fe/sec) .
56.00 1.06 RANGE 3.98
R ALK nn.iuu-ni:(‘xu-n-nnnnunua-unau‘nlnnnnu;* nnnnnnn AT SRR AR A S AR rxd
PROBE <i TIME ELAPSED MANOMETER  ACTUAL  VELOCITY
POSITIOR START  STOP?, -TIME * READING DELTA P (FT/SEC)
Pref .80 2.50 1.90 7.10 1.42 . 79.41
- Pref 9.50 10.50  ,1.00 7.02 1.40 78.96
pref 19.50 21.00 1.50. 6.88 1.38 78.17
Prel 22.00. 23.30 1.50 6.83 1.37 77.88 °
Pref 31.00 32.00 1.00 6.19 1.36 77.63
Pref 40.00 41.00 1.00 6.66 1,33 76.91
Pref 4%.90 42.90 1.00 6.65 1.33 76.85
Pret 49.90 50.90 1.00 6.85 1.37 - 78.00°"
Pref 58.50 60.50 1.00 6.50 1.30 75.98
ELAPSED TIME AVERAGE AVERAGE VELOCITY 77.75
SAMPLE TIME- . (FI/SEC) ) -

.3.43
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Table AI.5-2¢: Velocity Traverse Results (80 ff/sec)'

BROBE
POSITION

1A
1B
ic
2A
2B
2C
3A
3B
3C

TIME

41.80
44.80
41.60
%0.90
41.60
42.00
41.40
41.40
41.80

ELAPSED DELIA P
READING

1.43
1.41
1.40
1.40
1.38
1.3%
1.42
1.40—-
1.40

DELTA P

READINGS

.09
.08
.08
.08
.08
.06
.10
.07
.07

Average Stack Temperature (°R) -
Average Stack Pressure {(inHg) ——
Average Molar Water Content (Bwo)

PROBE
POSITION

la
3a
3b
1b
1lc
k{3
i 2c
T . 2b
: 2a
la
3a
. 3b .
1ib
“le
3c
2c
2b
- 2a
Ta
3a
3b
1b
1e
3¢
2c
2
2a .

.

ACTUAL
DELTA P

1.48
1.47,
1.43°
1.45
1.64
1.43
1.42
1.42
1,44
1.43
1.42
1.41
1.41
1.40
1.39

!

- 1.39

1.38
1.40
1.39
1.37
1.36
*.37
1.36
1.36
1.36
1.34
1.36

2

(cfm)

4867
4848
4774
4814
4798
4788
4764
4771
4798
4781
4764
4748
4744
4734

4714

4714
4690
4724
4717
4680
4663
4680

4663 -

4669
4663
4628

4663

102

kY

Q
{(dscfm) .

4641
4522
4552
4590
4574
4585
4543
4549
4574
4559
4543
4527
4523
4514
4494
4494
4472
4504
4498
4462
4446
4462
4446
4452

FANA

4413

4446

*

v

)

AVERAGE

\

~ .

.

-

VELOCITY

VELOCITY  RANGE
79.82 . 2.50
79.1% 2.2
78.86 2.25
78.81 . 2.25
78.28" - 2.38
78.56 - 1:70
79.41 2.80
78.81 1.86
78.73 1197
536.20
29.13

©.0036650002 -

Reynolds Numberx.

481363
479410
472181
476138
474493
473503
471186
471850
474493
472843
471186
469524
469191

- 468191

466183
466183
463829
- 467188
466518
462817
461124

- 462817

461124
461802
461124+
457721
461124

PP



Table AI.5-2¢: Velocity Traverse Results (80 ft/sec)

*

PROBE ACTUAL

POSITION DELTA ?

Pref 1.42
Pref - 1.40
Pref +1.38
Pref 1.37
Pref 1.36
Pref 1.33
Pref 1.33
Pref 1.37
Pref : 1.30
- 'r
'It
- L
-
C"
- .
- .
L - -
o - b B
: . ;
!.‘ ‘.. -
- . -
- - 1]
N )
K -
»

{cém)

L764
4737
4690
4673,
4659 7
4614
4611
4680
45359

rs

_tds:fn)

4543 ¢
4517
4472
4455
4442
4400
4396
4462

4340

-

471186
468524
463829 .
462140
460785
456353
456010
462817
450838

e '

-

Revnolds Number

s
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"T}.';._l‘:le Al.5-3a: Velocity- Traverse Results (70 ft/sec§

»
.

DATA SEZST #3, DECEMBER 3, 1985
VELOCITY TRAVERSE FOR WIND TUNNEL
DATE: DECEMBER 3,1985

tatic pressure from reference pitot tube -

-

. 104

i

Measured  Actual )
S (IX H20)
Initial 4,50 -.90
Tinal 4.43 -.89 i
Average Static Pressure” -.89
Humidity Calculation :
Tdry®F  Twet'F © Tdzy "R Twet °R TIME (MIN)
INITIAL §3.00 5500 542.70 514.70 3.50 ¢ :
TINAL £2.00 54.00 541.70 513.70 £8.00 '
CHAN 1.00 1.00 : 60.70
AVERAGE 82.50 54.50- 542.20 514.20
B :
Kdzy " Kwet .
INITIAL - 3.28B 3.30
FINAL .- -3.28 3.30 -
; Pdrzy. " Pwet
INITIAL ~ 28.98 11.09 N
g FINAL  ° .28.05 10.70
BAROMETRIC R ‘ pmf
~ PRESSURE 753.72 756.17 7.88: 7.88
* (mm Hg) Avenmage 755.93 ! .
. o . RHi RHE
- : 11.09 10.04
L DELTA RH.  1.05
o INITIAL FINAL
.0042296013 ,0037068545
T 0761976794 0667802220 s
" Absclute Humidity .0026674413 0023351365
A Bwo .0042535541 0037256285
‘ Average Bw .0039895913



Table A

-

L

Ky

I.S-Sb; Velocity Iraverse Results'(70 ft/sec)

T
. -

VELOCITY

-

PROBE TIME ELAPSED MANOMETER  ACTUAL
P0SITION START  STOP TIME READING DELTA P (ft/sec)
" la” .30 5.30 1.00 . 5.40. 1.08-  69.23
3a 5.70 6.70 1.00 5.30, 1.06;  6B.61 -
: 3b 7.10 8.10 1.00 5.27 1.05 68.41
1b 8.50 9.50 1.00 5.32 =06 68.74
lc 11.70  12.70 1.00 530 ~.1.06 68.61 _
3¢ 13.30 - 14.30 1.00 5.31 + 1.06 68.67 °
2¢ 14.70 15.70 1.00 5.25 ‘1.05 - 68.28
25 16.00  17.00 -1.70 5.12 . 1.02 . 67.43
2a 17.50  18.50 1.00 5.31 1.06 . ,68.67
e Tla 24,00  25.00 1.00 5235 1.07.  68.93
3a 25.50  26.50 1,00 .- 3.35 . 1.07 68.93
3b 26.80  27.80 1.00 .. .5.25° 1.05 $8.28
‘1b, 28.10  29.10 1.00 7+ 5.30 1.06 68.61
: 1c 31.25  32.30 1.05 5.30, 1.06 = 68.61
e, 3¢ 32,90  33.90 1.00 5..30 «1.06 . 6B.61.
T 2 34,40 35.40 1.00 5.25 1.05 68.28
25 35.80  36.80 . 1.00 5.20 1.06 . 67.96
. 2a 37.30  38.30 1.00 5.31 1.06 68.67 < -
14 46.90  47.90 1.00 5.31 1.06 68.67
3a 49.90  50.90 ‘1.00 5.25 1.05  :68.28
3b 51.30  52.80 1.50 5.15 © 1003 67.63
1b 53,40  -54.40 * 1.00 5.28 1.06-  68.48
le 56.20 .20 11.00 5.25 1.05 - 68.28
3¢ 57.50 . 58.50 -1.00 s.21  ,  1.04 68.02
2¢ 58.90  59.90, .00 - 5.20.--+-° 1,04 67.96
2b - 60.30. 61.30 . -1.00 - 6.50 . :90  -B3.22
2a 62.00° © 63.00 1.00_ 5.28 ~1.06. 68.48
ELAPSED, TIME AVERAGE AVERAGE VELOCITY - 68.43
(MINUTES) SAMPLE TIME . (ft/sec): ™ <
58.70 1.02 . * RANGE ~ 6.03
4
PROBE: ™~ TIME ELAPSED  ° MANOMETER , ACTUAL  VELOCITY
.. POSITION START  STO? TIME READING DELTA' P  (FTI/SEC)
o ¢
Pref '1.50 3.00 1.50 5.15 * 1,03 67.63
sPref - 9.80 10.80 1.00, 5.18 © 1,04 67.82
“Pref 719.00 -~ 20.00 1.00% 5.15 1.03 67.63
Pref ©22.10  23.10 1.00 5.12 . 1.02 67.43
Pref 29.50  30.50 1.00 * 5.14 .1.03  67.56-°
Prefj« 38.50  39.50 '1.00 5.10 1.02°  67.30
Pr 44.90  45.90 1.00. 5.10 1:02 . 67.30
tef 54.60 ~ 55.60 1.00". 5.11 1.02 .67.37
Pref 63.30 > 64.50 1.20 5.09 - 1.02 67.23
ELAPSED TIME . AVERAGE AVERAGE VELOCITY 67.47
: 63.00 SAMPLE TIME  (FT/SEC) “
. ot 1.08 RANGE ' V259 °

105
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Table AI.5-3c: \’qio’city Traverse Results (70 ft/sec)’

PROBE
POSITION

1A
18
1C
2A
28
2C
3A
3B
3C

- -

ELAPSED
TIME

43.80
48.70
45.50
43.50
45.30
45.20
45.20
45.70
45.20

DELTA P

1.07,
1.06
1.06
1.06
.99,
1.05
1.06
1.04 "
1.05

Y.

_ 'DELTA P -
READING ~

READINGS ~

.02
w01
-0t
.01
.12
.01 -
.01°
.02

tl02

Average Stack Temperature (*R)
Average Stack Pressure (imHg)-
Average Molar Water Content (Bwo)

PROBE ACTUAL Q Q
POSITION DELTA P (efm) (dscfm)
la 1.08 . 4155 3937
3a 1.06 w116 3900
3b - 1.05 4105 3889
1b 1.06 4124 3908
1c 1.06 - 4116 3900
3c - 1.06 4120 3904
2¢ 1.05 4097 2882
2b 1.02 4046 3833
2a . 1.06 4120 3904
la 1.07 413§ 3919
3a 1.? 4136 3919
3b 1.05 4097 3882
ib 1.06 4116 Y3900
1c 1.06 4116 ‘2900
3¢ 1.06 4116 3900
2¢  ~ 1.05 4097 *+ . 3882
2b 1.04 4077 * 3863
©5 2a 1.06 - 4120 3904
Py 1la 1.06 4120 3904
3a . & - 1.0§ 4097 ~ , 3882
3b 1.03 4058 3845 .-
_ 1b 1,06 4109, .. 3893 .
- “1e 1.05 , 4097!._ ° 3882 °
: 3c. '1.04 4081 "', 3887 -
- 2c . 1.04 4077 ¢ 3863
2y - .90 3793 . 3594
2a 1.06 4109

3893

o

T,

AVERAGE
VELOCITY

VELOCITY
RANGE

68.95 . .58
68.61 .26, emm—
68.50 .32
68.61 . .19 -
66.24 < . 4.21
68.17 .33:
J68.61 T .32
68.11- .78
68.43 .65

542.20
29.28 -
.0039895913

Reynolds Number .

<
408349

404550

403404

405313

404550

404932

402637

397621

404932

406454

406456 °
402637

404550

404550

404550 -
402637

400716 :
404932 .
404932

402637 .
398784

» 403786 .

402637
401101
400716
372770

©.403786

3 L
F13
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Tatble

AI.5-3d: Vekrocity Traverse Results (70 ft/sec)

PROBE ACTUAL Q Q Reynolds Number
POSITION DELTA ? (efem) (dscfm)

Pref 1.03 4058 3843 398784

Pref 1.04 4069 3856 399944

Pref 1.03 _ 4058 3845 398784 . «
Pref 1.02 ~ 4048 . 3833 397621

Pref 1.03 4054 3841 398397

Pref 1.02° 4038 3826 396844

Pref 1.02 4038 3826 - 396844

pref., . 1.02 4042 3830 397233

Pres 1.02 4034 ?822 396455

v
J

a»

[
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Table AI.5«4a: Velocity Traverse Resultﬁ (50 ft/sec)

Fl

Absolute Humidity

.0028090344 .0021806791

DATA SHEET #4, DECEMBER 3, 1985 o
VELOCITY TRAVERSE FOR WIND TUNNEL ;
DATE: DECEMBER 3,1985 _ - ..
) “St§tic pressuze from reference pitot tube T
-— Measured Actual B
(IN H20) .
Inizial 2.66 -.53 -
Final 2.6%9 -.54 . -
Average Static Pressure =54
Humidity Calculation L : - " T
Tdry®F Twet'F Tdrv*R Twet "R TIME .(MIN)
INITIAL  80.00 54.00 539.70° 513.70 2.50
FINAL 78.00 52.00 537.70 511.70 _67.30
CHANGE 2.00 2.00 ' “64.80
AVERAGE  79.00 53.00 538.70 512.70
N * Kdry- Kwet
IKITIAL 3.28 3.30
FINAL 3.28 3.31
- Pdry Eget .
- . INITTAL 26.29 10.70 -
FINAL 24.62 9.94 :
BAROMETRIC Pmi ..  Pmf
PRESSURE 755.72 ,756.17 7231 7.31
"+ (mm Hg) . Average _755.95
' “ RHi RHE .
. 12.88 10.69 P
DELTA RH 2.18 N
—  INITIAL FINAL hd
.0044531115 .0034625183 .
.0802242914 .06237B4238

S Bwo .0044783301 .0034800548
: [Average Bwo .0039791925
-~ “ :"
e o )
b N
‘-, ’ L]

108 ! ‘
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. :Table AI.S-ab:_VeIpci:y Traverse Results (50 ft/séﬁ)

— - - .

Rl

-PROBE . . TIME ° MANOMETER  ACTUAL  VELOCITY

. ELAPSED
POSITION START  STOP TIME READING DELTA P (ft/sec)
la 3.70 4.70 1.00, 3.12 0, .82 52.64
3a 5.20 5.20 | 1.00 3.10 .62 52.47
3b 6.50 7.50 1.00 "2.97 T .39 51.36
1b 7.90.  8.90 1.00 .=, 3.09 .62 52.38
lc 11.00 .12.00 ~ 1.00 - 2+99 .60 51.53
- 3e 13.30 . 14.30 - 1.00 2.98 .60 S1.44
2c 14.80  ,15.80, 1.00 2.97 .59 - 51.36
2b 16.00 17.00 ¢ 1.00° . 3.04 .61 51.96
2a 17.50 18.50 1.00 >.3.10 . .62 52.47
la 26.50 27.50 1.00 | "3.13 .63 52.72 ..
S 27.80 _ 28.80 1.00 " 3.13 . .63 52.72 .
3b 29.20 30.20 - 1.00. 2.99 .60 51.53 ~
iy’ .- .30.60. 32.00 “.1.40 " 3.11 .62 52.55
le = 34.40 - 35.60 1.20 S 3.1 .62 52.55
3e. T, 35.90 "36.90 1.00 .. 3.08 . .82 - 52.30 |
2c¢ ~v. 37.30 38.30 1.00 - 3.08 - .82 52.30
. 2b ., -, 38.80 39.80 ":/1.00 t.2.76 T, .55 49.51
2a " - 40.40 41.40 1.00 . .3.14 <83 - 52,81 N,
la ° 45.00 50.00 1.00 . .-3.15 . ..83 52.89 .
3a 50.30 , 51:80 (1,30 L 3.15 0 T .63 .52.89 -~
3b° - 52.00° 53.00 1.00 3,05 0w w61 52.04 !
1b 53.50 - 54.50 1,00+ ™ 3.13 . v o-..83 52.72 .
lc -56.90 57:90 . 1.00 - 3.12 oo .62 52.64 . "
3c 58.20 59.20 1:00 K12 o0 .62 < 52.64 - -
2e 59.60 60.60 1.00 . " 3.1¢ - . .82 . 52.47 -
~. 2b 61.00 = 62.00 +1.00. ©2.93 <. .59 . SL.0L g ™
S 2a . v 62.40 .63.40 7 1.00 3.16 ° - .63  52.87 "<
ELAPSED TIME AVERAGE " " AVERAGE VELOCITY 52.20
. = ~ (MINUTES).  SAMPLE TIME - (ft/sec)’ - -

ST 59.70 1.03 RANGE - - 3.47

LY

. PROBE TIME ELAPSED MANOMETER . ACTUAL'  VELOGITY
" +.POSITION - START  STOP TIME READING DELTA P (FI/SEC)

' Pref, .80 L 3.00  .2.20 2.99 - .60 7 51.53 .
Bref :  9.50 ' 10.50 1.00 3.01 . .60 51.70 -
Pref 18790  19.90 _ 1.00 . 3.00 . .60 51.62 ,
Pref 24.20  25.70 - . 1.50 <7 3,00 .60 51.62 -

* Pref - 32.60  33.60 *-- 1.00 , _B.02 . 60 - 51.79
Pref . 41.60  42.60 ° 1.00 _ S3.02 . .60 51.79.

Pref 47.30  48.30 1.00°. © 3.02 80 -  51.79
Pref - 55.10  56.10 1.00 ... *3.04 .61 51.96
Pref . 63.80  64.80 1.00 3.06 - .61 51.96
ELAPSED TIME _“AVERAGE .  AVERAGE VELOCITY 51.75
64.00 SAMPLE TIME  (ET/SEC)--. :
‘ 1.19 RANGE E 43
. .f' . ;: Y
o o -
L ’ - ‘ ‘
..b' L Fd
¥ -
e 109 ]
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Table AI.S5-é4c: ‘Veloci;ty Traverse Reéults (50 ft/sec)

Y

PROBE ELAPSED . DELTA P DELTA P +  AVERAGE VELOCITY
POSITION TIMEZ READING READINGS VELOCITY RANGE
1A 46,307 .63 .01 52.75 .25
1B 50.00 . .62 .01 52.55 .34
«1C £6.90 .61 .03 52.24 1.11
2A 45,90 .63’ .01 52.75 .51
28 46.00 .58 .02 . 50.84 .95 -
2C 45.80 .61 _ .03 52.04 1.1k
: - :o3a 46.40 .63° .0t " 52.69, .62
3B - 46.50 .60 .. .02 51.64 .69
ic g 45.90+ .61 , .03 7 52.13 - 1.19
. Average Stack Temperature ("R) .. 538.70
E ‘ Average Stack Pressure (inHg) ° ‘. 29.48
_ Average Molar Water Content (Bwo) .0039791925 - ”
PROBE ACTUAL Q Q . Reynolds Number
POSITION DELTA P (cfm) (dscfm) -
la .62 . 3158 3032 2314458
. 3a .62 3148 ' 3022 . 313448
: 3b ~.59 3081 2958 306806
i . .62 LY 3143 3017 312942 -
le © .60 . 3092 2968 307837 . <
- 3¢ .60 3087 2963 307322
. 2¢ - .59 3081 z 2958 306806
o b .61 - 3118 - 2993 310400
A 2a fo.82 - 3148 3022 313448
R la S .63 3163, 3036 314961 "~
e 3a .63 - 3183 3036- . 314961
) " 3b .60 w3092 2968 ) -307837 - .
..o o 1b : w62 3153 -~ 3027 313954
" to “le .62 3153 - 3027 313954
s . 3e T .62 3138 7 | 3012 T 312436 "
2c . .62 3138 3012 312436
Ve 2b .35 2971 2851 295760
- 2a .63 -* 3168 « 3041 315464
‘ : la .63 3173 3046 . 315966
r 3a - .23 . 3173 3046 315966 .
3b .61 3123 2997 310910
1b- . .63 3163 3036 - 314961
ic . .62 3158 3032 - 314458
C3e © .62 3158 3032 314458 |
2ec - w62 3148 3022 313448
2 .59 3061 2938 304733
2a .63 3178 3051 .. 316467



Table AI.S5-4d: Velocity Traverse Results (50 ft/sec)

Reynolds XNumber

PROBE  ACTUAL Q Q
POSITION DELTA P (cfm)..  (dscfm)
Pref .60 3092 2968 307837
Pref .60 3102 2978 308865
Pref .60 3097 2973 308351
Pref .60 3097 2973 308351
Pref .60 .. ~ 3107 .°2983  \ 309377
Pref .60 3107 . 2983 309377 =
) Pref .60 3107 2983 309377
Pref .61 .~ 3118 2993 3106400
Pref .61 3118 2993 310400
N Y

111



- Table AI.5-5a: Velodity Traverse Resulty {20 ft/sec)
DATASHEET #5, FEBRUARY 20,1986 - < IR
VELOCITY TRﬂVERSE FOR WIND "TUNNEL -, _ T

. DATE: :EBRUARY 20,1986 ° I o N
ﬁﬂ‘=‘ Statlc p'essu—e from ‘refetence p;:ot ‘tube’. ‘_. S .::CT\ :
= ’ g .+ Measured " acrual e R -.';::’ )

e T (IN H20) " - 8 Dol
"\,.Initial_ ‘- 1-80 X 509 ) 4 - - 7"“__- . + _' ) N
~Final "1.8Q - -:09 _‘V:. - DR
Ave:agé.g;agic Pressure ot =09 = s ‘.E - a
****;;*********ti**********f}**;***i**********;éft*;********;*;**;****;
: o s . ‘ ._\ T
Humldl.y Calculation . ~,
. TdryF  Twetr'F Tdry*R -~ Twet'R. “TIME (HIR)
INITIAL  78.00 56.00 537.70 . 515.70- °  26.00 |,
FINAL - 80.00  57.00 539.70 ° 516.70 _+ 96.00 -«
CHANGE  2.006.  1.00 . TTT70.00
AVERAGE - 79.00 56.50 538.70 1 516.2Q ' ’
. SR Line
" ., Kdry . Kwet .
INITIAL 3.2&‘- 3.30 e, .
FINAL »  3.28 3.30 AN

- Pdrx N . Pwet T

INITIAL 24.62 - 11.50 v A

FINAL | 26.29 ‘;f‘ 11.93 ISR

BAROMETRIC Ppi  ~Pmf - T

PRESSURE 755.72  736.17 6.19 - 7. 6.48 ERRC
(mm Hg) “Average  755.95 o . % ;

- o RHi * .+ .RHf P
21.57.. - -20.71 IR T
b pELTA RH' | .';'86 TB\‘ S ':,: o
: nE INITIAL ~  FINAL- ™ T e
- S .0069862396 .00716288%4 I
Cr ,1258594403v.1290417551 © 0 LT
_ Absoluie Hums dzty ‘510044182443 0065280529 . UL |
e . Bwo ‘.. ..0070258037 .0071991620 . e
. Aveérage Bwo - .0071124829 - ) P T

* - P

. v S -

0 . BRI .

. ~ .-l "

- .. L]
o S
" . .
* - . - "
— - ~ e \-:.'
= - X d i
- 4 Y. - - .
% X
- * b
\
: T
R
-
-
o
f
-
4 ——e -
.
‘
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Table AIL.5-5b: Velocity Iraverse Resu ts (20 ft/secy

 PROBE TIME ELég;ED MANOMETER  ACTUAL  VELOCITY
POSITION START  STOP TIHE READING DELTA P (ft/sec)
1a 28,00  29.00 . 4.00 1.94 .10 2075
3a 29.57 30.58 1.01 T 1,94 .10 20275% .=
3b 31.12 32.67 . 1.55 1.90 .10 20.54
1b o7 33.17 34.42 1.25 1.94 .10 20.75
ic 37.00 38.27 1.27 - 1.%4 .10 ,20.75
e 38.83  40.00 1.17 1.91 .10 --"* 2059
© 2e 40.68 "41.75 1.07 1.90 .10 T 20.54
3 . 42.33 43,50 - 1.17 1.90 .10 1o 20054
. 2a 44,22 45.50 1.28 1.94 L1005 . 20.75
1a 49.75 ° 50.75 1.00 1.94 .10 *"20.75
3a © . 51.20.  52.25 1.05 1.92 .10 20.85
3b 52.75 53.75 1.00 1.88 .09 - 20.43
1b . 54.17 - 55.58 1.41 1.94 - .10 20.75
ic 57.83 59.07 1.24 . 1,90 - .10 . 20.54
3c $0.00 61.09 1.09 1.90 .10 20.54
2; $1.92 62.92 1.00 1.90 .10 20.54
£3.88 .64.92 = 1.06 1.89 .09 20.48
Za 1 65.33 66.33 1.00 1.90 .10 20.54
1a 76.28 77.59 1.22 1.94 .10 20.75
3a 78.37 79.37 - 1.00 1.937 | .10 20.70
.3b 80.00 £1.00 1.00 1.88 .09 20.43
1b 81.50 §2.75 1.25 1.91 .10 20.59
lc 84.58 . -85.58 1.00 1.84 S.09 . 20.21
3c 86,00 ~87.00 1.00 - 1.90 - 10 20.54
2¢ . 87.50 ~ 88.50 1.00 1.90 .10 20.54 -
2b £9.17 - 90.25 1.08 1.90 . .10 20.54
2a 92.00 93.00" 1.00 1.90 .10 20.54
ELAPSED TIME ° AVERAGE _AVERAGE VELOCITY 20.60,
(MINUTES) SAMPLE' TIME (£/sec) .
6£5.00 1.10 RANGE . .54
mﬁ*—tﬂﬁ ,,,,,,,,,,, P R L T ,....I .......................
JPROBE " TIME ELAPSED MANOHET23 ACTUAL VELOCITY .
POSITION START  STOP TIME READING = DELTA P (FT/SEC)
Pref 26.00 27.00 1,00 1.87 S .09 20.38 o o
Pref . 34,75 36.00 1,25 - -1.87 .09 20.38 ... .
-Pref . 4600  47.10 1.10 ©1.79 .09 19.947 T
Pref 47.50 48.50 1.00 1.84 .09 C20.21 7 o T
pref - -56.03 - 57.07 1.04 . 1.87 .09 20.38
Pref’ . 67.33 68.33_ 1.00 - - 1.84 09 . 20.21
Pref 74:00 75.00 1.00 - 1.86 .09 20.21
Pref v 83.13 84.17 1.04 1.84 .09 20.21
Pref’ 93.50 94,50 1.00° T 1,84 .09 . 20.21
ELAPSED TIME . AVERAGE AVERAGE VELOCITY 20.264
68.50 - : SAMPLE TIME (FT/SEC) . .
‘ - 1.05 RANGE AN



[

Table AI.5-5c: Velocity Traverse Results (20 ft/sec)

*

p—

PROBE TLAPSED DELTA ? DELTA P - AVERAGE

- VELOC

- POSITION TIMZ READING READINGS VELOCITY RANGE

1A 49.50 . .10 7o 20.75 "0

i 52.41 .10 .00 20.7¢ LL16,

1C 48.58 .09 .01 20.50 254

2X 48,76 110 .00 20.61 .22

28 &;.92 .09 0 20.52 °© 0

20— 47.82 .10 0 ' 20.54 0

3A . 50.37 .10 ‘ .00 20.70 .05

3B 49,88 .0o. .00 20.47 .11

3C 48.17 .10 .00 20.56 .03

Average Stack Temperature (°R) 538.70

Average Stack Pressure (inHg) 29.7

Average Molar Water Content {Bwo) .0071124829

PROBE ACTUAL 3 Q Reynolds Number
POSITION DELTA P (efm) (éscfm) .
1a .10 1245 1201 124590
3a .10 1245 1201 124590 °
3b .10 1232 1189 123299
1b .10 1245 1201 124590
lc .10 - 1245 1201 124590
3e .10 1236 1192 123623
2c .10 1232 1189 12329%
2b .10 - 1232 1189 123299
2a .10 1245 1201 124590
la S10 . 1245 .- 1201 124590
3a .10 1239 .- T -1195 123946
v . 09 1226 < 1182 122649
1b © L1007 T 1245 1201 124590
ic .10 1232 1189 . 12329¢%
3c .10 1232 1189 . 123299
2c 10 1232 1189 123299
26 . .09 1229 1186 122974
2a .10 .1232 1189 ‘ 123299 -
la .10 . 1245 1201. ' 124590.
. 3a .10 1242 1198 126289
- 3b .Q8 1226 1182 . 122649
Y .10 1236 1192 123623
‘i . 09 1213 1170 121337
3¢ .10 1232 1189 T 123299
2c .10 1232 1189 123299
2b .10 1232 1189 .1123299
2a. .10 1232 . 1189 123299

TTY

-



Table AI.5-5¢

PROBE

"ACTUAL
POSITION DELTA k4
Pref .08 ‘
Pref .09
Pref .09
Pref .09
Pref .09
Pref .08
Pref .0¢
Pref .09
Pref .09

>
< P

Velocity Traverse Results (20 ft/sec)

{ctm)

1223

- 1223

1196
1213
1223 -
1213
1213
1213
1213

(dsefm)

1179

1179

1154
1170
1179
1170
1170
1170
1170

Lo

Reynolds Nuxber

‘122322

122322
119677
121337
122322
121337
121337.Y
121337
121337



Figure AI.@;'R&Sults:df Veloéityltraverse at.QO‘ft/sec

Figure Al.5: Results of Velocit} Traverse at 80 ft/sec

»w

1A
89.07

24

87.24
3

88.64

13 - 1C

§8.07 87.61
28 - 2C
85.63 - 86.97
3B 3C
88.05 - - 873

* ~
P . - - .
- 4

1A
.79.82

2A
78.81

3A

v

79.41

18 . 1c

79.11- . 78.86
28 , 2C
78.28 " 78.56
3B - 3C

"a

4
-

78.81 o~ 78.73
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14 //#/// 18 ic
68.95 68.61 68.50

T 28 2¢

68.61 7 66.24 68.17
. 38 3B 3C

68.61 68.11 . 68.43

Figure AI.6: Results of Velocify TraVerse at 70 ft/sec

1A 1B 1C
52.75 52.55 52.24
; 24 . 2B ' ic
o 52.75 50.84  52.04
R . |
| ES . 3B -3¢/
52.69 51.64 " 52.13

Figuré_AI.?: Reshlts of Velog‘:ity Traverse at 50 ft/sec | -

-
L

117



1A
20.75
24
20.61
3A
20.70

18

20.70

20.52

3B
20.47

1¢-

120.50

Figure

o

AI.B: Results of Veiocity Traverse at 20 ft/sec
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The third conclusion,is.ghat-the velocitytof'tﬁé-gas in
the wind ‘tunnel was not stablé over time. The.yelbgity
decreased from the beginning of an e;periment: This effect
was most pronounced at the highest velocity, where-the
deviatioﬁ was approximately 7 per cent per hour. The decrease.
was negligéble at 20 feet per second. This effect may be of
importance if the measured dilution ratio islﬁffected by
external flow around the Venturi sampling probe.

This change in velocity may be due to a change in
viscosity of éhé-hydraulic fluid which drives the fan in the
- wind tunné&,”The.cﬁange in viséosfty-wouldrbe due to the

increase in iemperature of the fluid during operation.



REFERENCES

1. Source Testing Code, Version #2, Report #ARB-TDA-66-80,
Ontario Ministry of the Environment, Air Resources Branch,
Toronto, Ontario. (1980)

2. Gnyp, A.W., C.C. St. Pierre, J. Price, and D.S. Smith,
Windsor Stack Sampling :School Notes, University of
Windsor, Windsor, Ontario. (19/4)

3. St. Pierre, C.C;, Phvsical Properties of Fluids, Flow
‘ Resistance Coefficients and Commercial Steel Pipe Data,

University of windsor, windsor, Ontario (19/9)
. Y

- 120



appendix II: The Determination of the Volume Fraction of Water,

- L3
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To determine the volume fraction of water vapour in the
wind tunnel, wet and dfy buldb temperatures were recorded at
the beginning and end of each experiment.

The wet and dry bulb temperatures were converted into
per cent relative humidity values by using the-correlation
published by Pallady.and Henley [1] These values agree
closely with those obtained from standard psyﬁhrometric
charts [2]. The folloﬁing sample calculation will demonstrate
lthe evaluation of relative humidity given the following .

- values. |
| 'Wet Bulb Temperature (tw) = 80 °F

Dry Bulb Temperature (td) = 60 °F
Barometric Pressure (Pb) = 760 mmHg

—————

- Using the Pallady and Hénley correlation, the calculated

relative humidity is 28.9 %.-A psychrﬁmeﬁric chart

provides a value of approximately 29 %. .

To determine the vqlume fraction of water in the.
airstream, it is necessary to calculate the absolute.
humidity. This is'achieved'by the useé of the fbildwing
formuia [3]: |

H = Mw X Pw

Ma X (Pb-Pw) "

H = absolute humidity (lbm water/lbm dry air)
Mw = molecular weight of water :

= 18.05 (1bm/lbmol) —
Ma = molecular weight of air £

= 28.85 (lbm/lbmol) : ‘
Pw = partial pressure of water vapour
'Pb = barometric pressure



e

-

;calculated from:

water according to:
. .

T

|
i

8y calculation, the value of { is 0.0063. The absolute

‘humidity from a psychrometric chart is 0.0065.

The volume fraction of water vapour is determined from

the following formula [4].
o

where: .Bwo = volume fraction of water in stack gas
Vm = volume of gas sample at 760 mmHg, 537°R
Vw = volume of water as a gas, at 760 mmHg, 337 °R
Knowing that the volume fraction of a vapour which
exhibits ideal gas behaV1our is equivalent to the mole

fraction, the preceeding formula was converted to the more

- convenient form:

- ~ Bwo = Oy .
PR T T+ Oa

fnw = number of moles of water vapour

{n, . = number of moles of dry air
. - . .

. The value for the number of moles of water was derived

by dividing the absolute humidity by the molecular weight of

-
-

- : ﬁ, = H (1bm water/lbm dry air)
18.01 (1bm water/lbmol water)

Simiiarly, the number of moles of dry air was =

-~

e, = | 1 (1bm 3??\air/lbm dry air)

. - ~ 78.85 (Ibm dry @ir/Ibmol dry air)

o

-

ﬁﬁcordingly the value of Bwo was calculated as_0.00995.



A. Error Analvsis .

Since the values derived by calculatior show sufficient

agreement ﬁith the values derived from the psychrometric
chart, the correlation was used to determine the mole

fraction of water during the reduction of all experimental

-

data.

-t

Due to the complexity of the Pallady and qghley

-~

6orrelétibn, an error calculation using known values was
: considered more meaningful than a mathematical aﬁéiysis.
Error was estimated using the miniqym and maximum parameter
values as derived from instrumental érror. These errors érg

listed below. - , ] en

-

e ® Thermometer : 1 °°F
¢ Barometer’ :, 0.005 mmHg

3
r

Since a static pressure was not used to correct the
barometric pressure in the example calculations, it will not
be included in-~this analysis. It is assumed that this value

would have a negligable effect on the:magnitude of the error.'

T
-
Al

In order to qalculate-the error in the values of Bw;>\i
the instrument error was added or subtracted from the actual
values, and the resulting values were placed in the -

-

algorithm. This approagh is illustrated in Table AIIL.1..

—

-



Table AII.1: Error Analysis of Bwo Values

_— tw td Pb Bwo
60 80 760.000 0.00995
61 81 760.005. 0.01058
59 79 760.005 _0.00935
59 81 760.005 0.00860
61 79 760.005 0.01133
61 81 759.995 0.01058
59 79 759.995 0.00935
59 81 759.995 0.00860
61 79 795.995 0.01133

[ % IR
[V}

Using-the example values, the nominal Bwo was calculated

to be 0.00995, the maximum value was 0.01133, and the minimum

= .t
was 0.00860. : -

‘This analysis suggests thgt a relative error of 13.7% iﬁ
Bwo is possible. Variations due to barometric readings ha&fpd,

observable effect on the finai Bwo value Consequently the .

exclusion of static pressures was justified.

-
-~
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This appendix describes the calibration of the Miran-1A
infrared spenrrophotometer That was used to determine the

concenrrat*ons of sulphur hexafluorlde gas in both the ulnd

tunnel and the sample bags.

A. Experimental Equipment | el

The equipment used for this calibration included:

1. eran -1A" Infrared Spectrophotometer
-. ., 2: Miran Closed Loop Calibration System
-+ 3. 100 ul gas tight syringe
4. Sulphyr Hexafluoride gas, commercial grade
. 5. Hewlett-Packard 1703 chart recorder : ..
' 6. CCAD Analog-to-Digital signal converter
" 7. Radio Shack TRS-80 Colour Computer

-

B. Experimental Procedure

Cad ) 3 ;
The following procedure was used to calibrate the Miran-

‘1Az Foea ‘ ; -
1.\The Miran was calibrated according to the procedure
outlined in the manual p%BVided [1]. Prelimiuary '
considerations .involved confirmetion of“pathlength-and zero’
absorbance settings. The~iustrument‘was.set'to the following -
:specified cbnditions'for the-optimdm;derection'of SFg [1]:
. 8 Pathlength = 20.25 metres A
© 8" Slit width = 1.0 millimetres .
® Wavelength = 10.7 microns '
2. A 125 millilitre'polyethylene sampling bulb was
fllled with commercial grade SFS gas by allowlng a flow
through the bulb for 2 minutes from a source at high r
pressure. A-}guer flow rate was malnpalneg during . the ~

- ’ - - .
calibration process to ensure a complete filling of the

A



sampling bulb. ) s
! 3. A sample of gas waéégamoved:from the sampling bulb
with a 100 ul gas-tight §?E&ﬁg€?*

4. The sample wds quickly injected into the septum of

the closed loop calibration systém which is illustrated in

Figure AIII.1 [1].

h . BELLOWS -
PuMP

SEPTUM ///CELL OQUTLET

:TRECORDER OUTPUT
\\ s ’

INLET=

CELL

L ' * s .

Figure AIII.1l: fc?ematic Representation of Calibration Loop
! 1

—

S. The reading in absorbance units was recorded 36 to 60
seconds after 1n3ect10n when stabilization of the instrument
was evident. . Absorbance was also recorded by a computerlzed
data collection system.

6. The sequence of steps, 3.to S, was répeated unti%;gb-’
total volume of 1000 microlitres was injected. o

7..5teps 3 through 6 were repeaﬁed 5 times to ensure

.precision of results.

‘‘‘‘‘‘
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- C. Results . L

" The results of this calibration are presented in Table
AIIT.1. '

. Table AIII.1: Raw Calibration Data for Miran-1A

Total
Injected *~
*Volume Absorbance .
(ul)
o , II III Iv v
0.0 N oﬁégo 0.000 0.000 6.000 0.000
100.0 0.382 0.379 02%83' 0.384 0.3886
200.0 0.552 0.551 0333 0.538 0.537
300.0 0.663 '0.672 0.673 0.678. 0.674
400.0 - 0.750 0.759 0.757 0.753 0.754
- 500.0 0.808 0.817 0.815 0.818 0.811
 600.0 0.849 0.861 0.858 0.859 0.853
700.0 0.879 0.895 0.888 0.888 0.888
800.0 0.905 0.%20 0.912 0.917 0Q.909
'900.0"" 0.926 0.941 0.930 0.935 0.929
1000.0 . 0.941 0.955 0.945 0.951 0.945

D. 'Data Reduction

"

=

’To_facﬁlitate'the use of the calibration data for

"determination’of the concentrations of sulphur hexafluoride

-

in either the wind tunnel or a sample bag, it was necessary
" ’ ~ - M .

to fit the'aVe;age absorbance values to corresponding.

concentrations. The concentration of the gas was determined

b} dividingltﬁé injected volume in microlitres by the total
volume of fhé*clbsed loop calibratioh s?siém;lin this case.
5.6 litres. This division yields a coﬁcgntration in parts per
million. (ppm). The rélationship‘bﬁtween the values of
concentration and a%éi!ge absorbance is shpﬁn in Table.
AIII.2. | ‘

3



4 plot of concentration versus the average absorbance,
yvielded. 2 calibration curve for the sulphur hexafluoride for

the specific instrument par;&eters.

"*Table AIII.2: Reduced Data for Closed Loop Calibration

Totail

) Injected Calculated - Average Standard

Volume Concentration Absorbance Deviation
(microlitres) (ppm)

0.0 -~ 0.0 0.000 0.000

100.0 17.8 0.383 0.003

200.0 . 35.7 0.554 0.003
300.0 53.5 0.672 0.006 -

400.0 71.4 ‘ 0.755 0.004

500.0 89.2 - 0.814 0.004

600.0 _ 107.1 0.856 0.005

- 700.0 -, 125.0 0.888 . 0.006

-t 800.0 142.8 - 0.913 0.006

900.0 i 160.7 - 0.932 0.006

11000.0 178.5 - 0.947 0.006

To facilitare the use of the data logger that was"uSed

. in conjunction with the Miran-1A, the reduced data were also
fitted using a Gau551an ‘Curve fit [2]. Thzs Drocess prov1ded
‘_the followlng mathematlcal expre531on for the callbratlon < ._

curve:

i

Concentration = ((Ln.(1.- Absorbance))/0.049225)1-27269

_This expreSSLOn made it possible to read the tracer gas

-

concentration from the display of the data logger, along with

the absorbance. A plot of . the averaged data points and the

Y

“derived calibration curve is provided in Figure AIII.Z2.

>

o
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E. Error Analvsis

To determine the random errors inherent in the
_evaluation of the dilution ratio, DR, the following_analysis \

-
was performed.

’

t

For:
' c

DR = & P Ceeenneeaes (1)

CS |
where: C .= Concentration of SF,. in the wind

wt 6
tunnel : . .

Cg = Concentration of SFg in the sample .

i
r

the variance in the measurement is expressed as:

~-

) 3 2
0.+ = (PRI g z4 | DR G.: ....(2)
DR C C
. ) wt 0 S
Cu Cs _

-

The parfial derivatives are determined from Equation 1

as: : :

, O X
d c
. __CVE; s . .
Opr_| . _ Sur
- a B C 2 .
B Cs._ s
: , ‘



Substituting into Equation 2 and dividing both sides by

(DR)*, wields:

2 0. ‘lz 0. 7|2 _
DR = wt T . 2 (3)
DR Cot Cq -

The absorbance reading is related to the concentration

by Beers Law [3] according.to:

where: measured absorbance
) absorptivity constant
path length ’

concentration.

;(')U‘Dl:l’}
N HH

" The variance involved in calculating the wind tunnel SF6

concentratlon is given by:

w5

Since the values of a and b are constan't,'oa * and Oy

\ can be eliminated from the expression to yield:

g 2 | Wt ;
Cut ) gkwtz eeeeennaes . (6)
A

Similarily, the variance in the SFs-sample concentration

%
can be written as:

>

[}

Fos

2 % |2,
+] —2t ab " (5) :
. Oy,
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3. 2 )
C
2 s 2
. C = | == B, C ieiteeenenenn (7)
i s aAS As .

The required partial derivatives are evaluated from

Equation 4 to give: : .
0 ]
e I
0 ab
Aw ] wt y
' >
2.1 .1,
S| LI
aA . L?b s
As a result, Equation 6 simplifies to:
g |2 e |2 |
C . A
. WEL ... venn(8)
th' o Awt
- “ ' -

0. |2 o |2 o \

-
- -

Substituting Equations 8 and 9 into Equation 3 results

in: N i -
- c 12 o, |2 o, 2 -
_DR- - Wt . + .—'—S'f-.....--..(].O)

bR L As



Since the experimental concentrations were not in a’

linear range of Beer's Law,.it was necessary to evaluate the

"

artial derivatives from representative points on the
P P

calibtration curve. Thls procedure is lllustrated in terms of

-

typlcal w1nd tunnel and sample bag SF6 concentratlons.

Ihe standard deviation of each absorbance reading is §eL¢_
at the_lnstrument ;eadlblllty of 0.005 absorbance units. -
Uging é wind tquéﬁ’gﬁs;fbance reading of 0.888, and a sample_
bag absorﬁancé reading oé 0.383, and substituting these

values into Equation 10 yields:

<

| [%3]2 ©(0.005)* ' (0.005)°

— = —_—— —_—

DR (0.888)" (0.383)*

=" 2.02 x 104
" and : L
N TO ‘

—DR]. = 0.01& S
> DR . . [

This ¥alue corresponds to a relative random error of 1.4 §.
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1

.

ABSORB

0.315

INITIAL FINAL
21.2 a1
STACK GAS VELOCITY (£t/sec)
’ INITIAL FINAL
72.66 71.36
WIND TUNNEL - . SAMPLE DILUTION
ANCE ~CONCENTRATION ABSORBANCE CONCENTRATION — RATIO
(ppm) (ppm)
90 0.131 A | 23.7
REPORT NUMBER 2
PROBE CONFIGURATION 1/8
vawruaz MANOMETER READING (INCHES OF WATER)
i I\I’IAL _ FINAL -
15.1 : 15.2
STACK GAS VELOCITY (ft/sec) '+
INITIAL® - o FINAL B -
) 71.81 | Conls ..
WIND TUNNEL - SAMPLE "¢ . DILUTION
ABSORBANCE. coucsnrnarxou ABSORBANCE CONCENTRATION  RATIO
. (ppm) —  (ppm) ‘
“ 18 0.170 s Jar.s

0.877

-- REPORT SUMBER 1
PROBE CONFIGURATION 1/8 A. T
VENTURI MANOMETER READING (INCHES OF WATER)

I LN

LS

139

SAMPLE
TIME

" (min)

25

SAMPLE
TIME
(min}

33
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. REPORT NUMBER. 3
PROBE CONFIGURATION 1/8 A
vzsruai_ganousrza READING (INCHES OF VATER)
' INITIAL FINAL . L

= 2009 21.5 .
STACK GAS VELOCITY (ft/sec) AR

INITIAL, ' FINAL Sl

70.82 _ © 70.44 C _

WIND TUNNEL SAMPLE DILUTION ° .- SAPLE™ _

ABSORBANCE CONCENTRATION. ABSORBANCE CONCENTRATION  RATIO - TIME °
(ppm) (ppm) e Amind v

1 0.361 110 0.147 A 27 . 14
REPORT NUMBER & e E

PROBE CONFIGURATION.1/8 A ' - -fi. S

VENTURI MANOMETER READING (INCHES OF WATER) . _ ' )

. INITIAL | FINAL T

' 14.9 7 - 14,7 ‘ NRETER E
) STACK .GAS VELOCITY (ft/sec) . . ’ ';_i :75
INITIAL 5. FINAL | KIS
3 ~ 71.68 - 70.41 IR

WIND TUNNEL . SAMPLE DILUTION. ' SAMPLE:
ABSCRBANCE - CONCENTRATION "ABSORBANCE CONCENTRATION  RATIO CTIME o o
g (ppa) (ppm) .. & = (min) - .
1 0.898 1132 0.203 .7 a8, RY,

k] e,
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~ REPORT NUMBER 5 o
PROBE CONFIGURATION 1/4 A I
~ . _ VENTURI MANOMETER READING, (INCHES OF WATER)
p . INITIAL FINAL -
21.4 21.7
/" TTAlK GAS VELOCITY (ft/sec)
. INITIAL FINAL
> 70.79 70.62 .
WIND TUNNEL SAMPLE DILUTION SAMPLE
ABSORBANCE. CONCENTRATION ABSORBANCE CONCENTRATION  RATIO . TIME
- {ppm) (ppm) {min)
1 0.865 . ...125 0.264 10 12.2 ‘12
’ REPORT NUMBER 6
PROBE.CONFIGURATION 1/4 A
VENTURI MANOMETER READING (INCHES OF WATER)
© INITIAL rzégiﬁ
21,4 21.3, °
STACK GAS VELOCITY (ft/sec)
. INITIAL ' FINAL
" ° -
' o 72,15 s 71.25 .
o _ WIND TENNEL SAMPLE ‘DILUTION » SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIC TIME
, (ppm) - {ppm) (min) |
1 0.905 137 0.267 10 s 8
\ R P v_.: .
- . N N .. .
* . * . T
. . - e
‘.‘ . ‘_:". .‘ - - . - _
R . ~ -~
- " v . -
£
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REPORT NUMBER 7

- PROBE CONFIGURATION 1/4 A

VENTURI MANOMETER READING (INCHES QF WATER)

INITIAL

15.4

INITIAL
72.67

WIND TUNNEL

ABSORBANCE

0.857

L

0.520

CONCENTRATION

{ppz)
125

ABSORBANCE CONCENTRATION

0.283

FINAL

ii.9

STACK GAS\VELOCITY (f:/sec)

FINAL

72.48

SAMBLE
{ppm)
11

. ([REPORT 'NUMBER 8

PROBE CONFIGURATION 1/4 A

-

LN

DILUTION

RATIO

10.9

VENTURI MANOMETER READING (INCHES OF WATER)

INITIAL
14.9

FINAL

14.9

STACK GAS VELOCITY (f:/sec)

CINITIAL
72.438

\UIND TUNKEL :
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION

(ppm)}
150

0.312

FINAL
71.82

SAMPLE

(ppm)
13

DILUTION
RATIO

11.4

SAMPLE
TIME
{min) -

19

SAMPLE-
TIME
(min)

14
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_ REPORT NUMBER §
PROBE CONFIGURATION 1/8 C

FENTURI MANOMETER READING (INCHES OF WATER)
INITIAL o FINAL
- 2 -7 .

[N
w

22,5

STACK GAS VELOCITY (ft/sec)
INITIAL ' FINAL
72.é7

- 72.54
WIND TUSNEL SAMPLE
ABSORBANCE

- DILUTION SAMPLE
CON%ENTRATION ABSORBANCE CONCENTRATION

RATIO
ppm) : (ppm)
0.235 9 ' 17.0

0.919 149

YORT NUMBER 10
PROBE CONFIGURATION 1/B C

VENTURI MANOMETER READING (INCHES OF WATER)
INITIAL ' FINAL

15.0 14.8

STACK GAS VELOCITY (ft/sec)

INITIAL FINAL K
72.41 : 71.81 )

VIND TUNNEL . SAMPLE DILUTION
‘ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO -
(ppm) (ppm) .
0.942 175 e 0.238 19.9

TIME
(zin)

S

SAMPLE
TIME °

. {min)
“-28/p

vt

Fi%

(¥]]
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- REPORT NUMBER 11 - -
PROBE CONFIGURATION 1/8 C
VENTURI MANOMETER READING (INCHES OF WATER)
INITIAL " FINAL K
. 22.5 22,5 :
h STACK GAS VELOCITY (f:/seé)
. INITIAL FINAL
71.89 £9.32 -
WIND TUNNEL ; SAMPLE DILUTION  SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
(ppm) : - (ppm) (min)
1 0.902 135 0.234 9 157 11
REPORT NUMBER 14 )
S ) . PROBE CONFIGURATION 178 C .
. VENTURI MANOMETER READING (INCHES OF WATER)
. INITIAL ' FINAL
16.6 . 14.5 .
STACK GAS VELOCITY (ft/sec)
INITIAL. | FINAL
- 71.80 ' 69.32
WIND TUNNEL | ' SAMPLE " DILUTION SAMPLE
. ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
K - (ppm) {ppm) . (min)
T 1 0.920 150 0.249 9 16.0 21
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REPORT NUMBER 12

.

SROBE CONFIGURATION 1/4 C

. 4
[ d
e VENTURI MANOMETER READING (INCHES OF WATER)
o INITIAL FINAL
14.5 16.2

STACK GAS VELOCITY (ft/sec)’

JINITIAL FINAL
71.57 70.47 i ]
WIND TUNNEL SAMPLE , DILUTION SAMPLE
ABSORBANEE CONCENTRATION ABSORBANCE CONCENTRATION — RATIO TIME
{ppm) (ppm) (ain)
1 £.923 . 153 0.313 13 11.5 22
2 0.932 163 0.337 15 10.9 23
' REPORT SUMBER 13 , . -
‘ PROBE CONFIGURATION 1/4 C
VENTURT MANOMETER READING (INCHES OF WATER)
INITIAL FINAL
21.8 -~ 22.2
STACK GAS VELOCITY (f:/sec)
INITIAL FINAL
71.87 70.47 )
“ WIND TUNNEL ' SAMPLE DILUTION SAMPLE .
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME -
(ppm) (ppdd) ~ (min)
- 1 0.923 153 0.315 13 1.4 . 8
2 0.918 148 0.313 13 11.2 R BN

-

x
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INITIAL : FINAL
22.3 ) 22.0
STACK GAS VELOCITY (£t/sec)
INITIAL FINAL
: 72.59 70.08
WIND TUNNEL ' SAMPLE . DILUTION-
'ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
: (ppm) . | (ppm) X
1 0.932 163’ 0.217 8 21.1
2 0.922 152 ©0.225 ¥ © 15.8
REPORT NUMBER 15
~ PROBE CONFIGURATION 1/4 C
: VENTURI MANOMETER READING (INCHES OF WATER) \
INITIAL FINAL '
14.2 16,1
STACK GAS VELOCITY (ft/sec)
INITIAL - FINAL
72.13 - _ 69.99 = .
> WIND TUNNEL SAMPLE _ DILLTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION ', RATIO
' 3 (ppm) (ppm) .
0.928 158 0.338 15 10.6

=

REPORT NUMBER 14
PROBE CONFIGURATION 1/8 A

VENTURI MANOMETER READING (INCHES OF WATER)

a

SAMPLE
TIME
{min)

la
la

SAMPL
TIME
(min}

32

m

146
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REPORT NUMBER 16
PROBE CONFIGURATION -1/8 B

VENTURI MANOMETER READING (INCHES OF UAT?R)

. INITIAL S FINAL
22,6 22.3

STACK GAS VELOCITY (ft/sec)

. INITIAL FINAL
71.36 ° 87.62
WIND TUSNEL SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION
(ppm) (ppm)
0.909 140 0.212 7.

0.917 147 . 0.216 8

REPORT NUMBER 16
e * PROBE CONFIGURATION 1/8 B

DILUTION

U

RATIO

18

19.

VENTURI MANOMETER READING (INCHES OF WATER)

‘"\-i:i:;i? FINAL

STAGK GAS VELOCITY (£:/sec)

> 1%.4

INITIAL" FINAL

_ 71.36 67.62
WIND TUNNEL . , SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCEN TION
, {ppm) (ppm)
S
0.925 158 ' g.219 g
Q.923 153 0.218 -8

DILUTION

.9
3

RATIO

SAMPLE
TIME
(2in)

10
10

T SAMPLE

TIME
(min)
17

20

Py

FEN

~1
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REPORT NUMBER 17
PROBE CONFIGURATION 1/4 B
VENTURI MANOMETER READING (INCHES OF WATER)
INITIAL FINAL
22.3 . o22.2

STACK GAS VELOCITY (ft/sec)

INITIAL FINAL
71.66 Y. £9.79
WIND TUNNEL ' SAMPLE DILUTION SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO CTIME
{ppm) 2 - (ppm) - : {erin)
0.910 141 0.265 10 13,7 10
o.911 142 0.265 10 13.8 11

REPORT . NUMBER 17
 PROBE CONFIGURATION 1/4 B
VENTURI MANOMETER READING (INCHES OF WATER)

INITIAL FINAL
6.2 - 14.2
__STACK GAS VELOCITY (ft/sec) ' >
INT¥aL FINAL
71.66 - 69.79 /
. WIND TUNNEL ~~  ,SAMPLE DILUTION - SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
(ppm) : (ppm) - (min)ff‘”
0.922 152 0.264 9 16.7 23
0.922 . 152 0.229 8 . 18.3 20
- e ;.‘..
) ~ . v
) b
4 * - ?
. “- -

X4
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REPORT NUMBER 18
PROBE CONFIGURATION 1/8 D
VENTURI MANOMETER READING (INCHES OF WATER)
INITIAL ' FINAL
22.5 - 22.2

STACK GAS VELOCITY (f:/sec)

INITIAL FINAL
. 71.92 - 69,37
WIND. TUNNEL SAMPLE - . . DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION' RATIO
. pe) (ppm) '
0.903 136 0.1% 7 : 20.7

0.909 140 ,0.200 7 20.5

_ REPORT NUMBER 18
PROBE CONFIGURATION 1/8 D ‘
VENTURI MANOMETER READING (INCHES oF VA%EB).
INITIAL . _ FINAL
4.5 14.5

STACK GAS VELOCITY (ft/sec)

SAMPLE.
TIME
(min) |

12

13

INITIAL * FINAL . E

_ 71.92 S §9.37
WIND TUNNEL SAMPLE DILUTION
ABSORBANCE CONCENTRATION- ABSORBANCE CONCENTRATION  RATIO
—_— {ppm) . (ppm)
0.928 1587 + 0.202 : 7 22.8

0.930 160 0.205 7 - 22.6

SAMBLE
r?:E\»- '

(min)

31
32

0
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REPORT NUMBER 19

PROBE CONFIGURATION 1/4 D

VENTURI MANOMETER READING (INCHES OF WATER)

-

INITIAL

21.4

STACK GAS VELOCITY (£

INITIAL

72.16

WIND TUNNEL

r

ABSORBANCE CONCL\TRATION
(ppm)
0.918 148
0.909 140

0.913
0.515

0.279

"TINAL
M 21.4

t/sec)
FINAL
70.24

SAMPLE DILUTION
ABSORBANCE COhCEN*RATION RATIO
{ppm)
11 13,3

0.271

11 : (13.2

REPORT NUMBER 16

PROBE CONFIGURATION 1/4 D

VENTURI MANOMETER READING WINCHES OF WATER)

INITIAL

v 144

-

FINAL
14,4

STACK GAS VELDCITi (ft/sec)

INTTIAL FINAL
< 72.16 ) 70.24 o
WIND TUNNEL , SAMPLE © HILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION ~ RATIO
(ppm) (ppm) N
" 166 0.244 5 166
146 0.270 - 11 13.7,
. . -

-

v

SAMPLE
TIME
{min)

11
l4

SAMPLE

TIME .

. {mia) -

© 24

29

[ 22]

wu
L=}
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REPORT NUMBER 20

PROBE CONFIGURATION 1/8 ABCD | )

VENTURI MANOMETER READING (INCHES OF WATER)

-

INITIAL - . " TINAL, . .
—
' 20.7 20.5 .
- . *
STACK GAS VELOCITY (ft/sec) _
INITIAL FINAL
72.81 72.15
WIND TUNNEL SAMPLE DILUTION SAMPLE
_ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION RATIO TIME
(ppm) (ppm) {min)
C.906 138 0.375 18 7.8 (16
0.906 * 138 0.373 18 7.9 13
_ | REPORT NUMBER 20 ,
- PROBE CONFIGURATION 1/8 ABCD
VENTURI MANOMETER READING (INCHES OF WATER)
* INITIAL FINAL
13.3 - 13.0
STACK GAS VELOCITY (ft/sec)
Zpe INITIAL FINAL
' 72.81 72.15
WIND TUNKEL SAMPLE © DILUTION SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION — RATIO TIME
- {ppz) (ppm) {min)
0.919 . 149 0.390 19 7.9 30
0.919 149 0.389 19 §.0 29
. .
’: -
: ! :
s . « - .
- < s
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REPORT NUMBER 21

PROBE CONFIGURATION 1/6 Asgpr"'-fd

* VENTURI MANOMETER READING (INCHES OF. WATER)

INITIAL
20.6 ~

- .
STACK GAS VELOCITY (ft/sec) .

FINAL
20.7 - -

ul

INITIAL FINAL
72.15. 71.48
WIND TUNNEL - SAMPLE DILUTION SAMPLE .
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
' {ppe) : (ppm) (min)
0.901 134 0.416 21 6.4 13
0.898 132 0.415 21 5.3 . 11
. ]
REPORT NUMBER 21 \\3‘
’ PROBE CONFIGURATION 1/4& ABCD
f'f . 1 ) -
VENTURI MANOMETER READING (INCHES OF WATER)
INITIAL FINAL ~ .
_ 11.5° - 11.3 £
- STACK GAS VELOCITY (ft/sec)
INITIAL .. FINAL
72.15 71448
WIND TUNNEL © SAMPLE DILUTION = SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
‘ (ppm) (ppm) (min)
0.914 145 . 0.433 22 6.4 29
0.915 146 0.433 22 ) 6.5 26
L ..
" ¥
e E )

tJ



Q

re

-

2

REPORT NUMBER. 22
PROBE CONFIGURATION 1/8 ABC

VENTURI MANOMETER READING (INCHES OF aarsa)
INITIAL . FINAL '
2% . 21.4
. TACK GAS VELOCITY (ft/sec):
INITIAL FINAL
) 72.86 . . 69.29 -
WIND TUNNEL SAMPLE - DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
o (ppm) (ppm)
. 0.928 158 . o.3§§ ‘16 10.2
0.929 . 159 0.358 16 9.7
AR nzpoar NUMBER 22
L PROBE CONFIGURATION 1/8 ABC -
VENTURT 'MANOMETER READING (INCHES OF WATER).
INITIAL . FINAL
145 . C 14,2
STACK GAS VELOCITY (£t/sec)
N )
CINTTIAL S FINAL 4
72.86 -~ - 69.29
WIND TUNNEL- . SAMPLE DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
(ppm) : (ppm) :
0.933 " ies  _0.365 ° 17 - 9.7
0.935. 166, 0.368 © - 17 9.7
— '-l. 3
Y - -
o
. £ ‘
Fit)

SAMPLE N
TIME L
(min) RO

18 A
15 :



. - '\.-. ~
) . \./ '.-. H 4 ) - . o
J - _ . Lo ..
. ) REPORT NUMBER 23 o :
. PROBE CONFIGURATION 1/4 ABC =~ -\ = -
. VENTURI MANOMETER READING (INCHES OF GATER)
T« oL “INITIAL 7 rINaL -
: o 2002 20.1° :
-~ -+ -7 STACK GAS VELOCITY (ft/see) . g
.7 i INITIAL wrT . . FINAL = N
) ,\ T71 sz o . 69.86 v
CWIND TUNNEL .  SAMPLE DILUTION  SAMPLE -
ABSORBANCE™ CONCENTRATION - ABSORBANCE CONCENTRATION  RATIO TIME
- (ppm) = - . . (ppm) (min) ,
1 0.924 156 0.427 o 22 7.0 13 o
2 0.922 152 . 0.627 22 6.9 11 O
Ly | ' REPOR{3NUMBER 23 e
o PROBE GONFIGURATION 1/4 ABC *
VENTURI uuoum READING (INCHES OF VATER)
~_ ' INTTIAL -. | _FINAL S
’ 10.7 ‘ 10.3 ,
STACK GAS VELOCITY (ft/sec) -
- INITIAL S 5\ FINAL
.- T.82 69.86 "
WIND TUNNEL . SAMPLE . DILUTION  SaMPLE
xasoasancs CONCENTRATION ABSORBANCE CONGENTRATION  RATIO- TINE
(ppa) ., Cepm) - (min).
. e . - ‘ .
1 ¢.937 168, 0.411 = 21 8.2 39
2 0.937 168 0.453 24 6.9 37
o ) -



[ N ol

- T 77 CINITIAL
5 2006 .
.. INITIAL
L7201
WIND TUNNEL
ABSORBANCE
(ppm)
0.921 *151
0.922 152
INITIAL
- 11.7
INITIAL
’ 72.41
- WIND TUNNEL
ABSORBANCE CONCENTRATION AB
.. (ppe)
0.932 163"
0.935

REPORT NU

ER o
ON 1{8 ABD"

_ PROBE CONFIGURA

Y?NTLRI MANOMETER READIWG (;\CH.S OF WATER)

STACK GaS VELOCITY

0.32&
0.323 -

FINAL
20.2
(£x)sec)
?INAL
7210
SAMPLE o
(ppm)
.1
14

Jﬂk - REPORT NUMBER _24
PROBE CONFI»URATION 1/8 ABD
VENTURI ﬁANOHETER READING (IHCH.S OF EATE})

—

FIhAL
10 8

$TACK GAS VELOCITY (ft/sec)

166

0.323
0.328

FINAL
72.10°

SAMPLE
SORBANCE CONCENTRATION

(ppm)

14
14

COhCENTRATION ABSORBANC’ CONCENTRATION

DILUTION
RATIO

DILUTION
RATIO

11.6

F

11.6

SAMPLE
TIME
{zin)

13

.12

. \—“

SAMPLE

TIME
{min)

a1
40



4 3
\ o
- ¢ -
"h 1)
a \
|
o N REPORT WUMBER 25
PROBE CONFIGURATION 1/4 ASD
VENTURT MANOMETER READING (INCHES OF WATER)
A INITIAL - 'FINAL
- N b - .
- 19,17 19.1
STACK GAS' VELDCITY (£t/sec)
i
. . INITIAL : FINAL -
. DO 72.09 1.7
7 . " . TN
- “WIND TUNNEL SAMPLE DILUTION
. | ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
' : (ppm) \ (ppm)
L i 0.927 157 . 0.379) . 18 8.7
3 0.928 =158 0.379 18 8.8
. REPORT NUMBER 25

 PROBE CONFIGURATION 1/4 ABD.
,yzvrunx MANOMETER READING.(INCHES OF WATER)

- NITIAL FINAL
Q -
11.0 | 10.7 °

y

STACK GAS VELOCITY (ft/sec)

INITIAL FINAL
e - 72.09 71.75
WIND TUNNEL . . SAMPLE DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE COhCEVTRATION RATIO
(ppm) (ppm) .
1 0.940 172+ 0.384 18 9.4
. 2 0.942 175 ot - B2 18 9.6
Fa - '
»

136

SgampLE
TIME
{min)

11
12



O
* REPOBT KUMBER 26
PROBE CONFIGURATION 1/8 ACD

VENTURI MANOMETER READING (INCHES OF WATER)
. ISITIAL FINAL
15.1 19.2
STACK GAS VELOCITY (£:/sec)
INITIAL - " FINAL
70.56 . 65.82 -
WIND TUNNEL SAMPLE DILUTION
ABSORBANCE ~CONCENTRATION ABSORBANCE CONCENTRATION — RATZO -
A (ppm) - -~ (ppm)
0.933 . T o164 0.349 16 10.4
. 0.938 170 © 0.358 16 10.4
.
REPORT NUMBER 26
. PROSE CONFIGURATION 1/8 ACD -
. VENTURI MANOMETER READING (INCHES OF WATER)
INITIAL FINAL
. 11.9 11.6
7 STACK GAS VELOCITY (ft/sec)
INITIAL °* . FINAL
70.56 ' 65.32
N JIND TUNNEL SAMPLE DILUTION
ABSORSBANCE CONCENTRATION ABSORBANCE CONCEWTRATION ' RATIO
. (ppm) .o - (ppm) .
0.954 193 0.375 18 10.9
0.959 202 0.381 .18 1.2

~ SAMPLE
TIME
{min)

17
15

 SAMPLE

TIME
(min)

37
32



A1

- ‘ ”
' REPORT NUMBER 27 - - R
PROBE CONFIGURATION 1/4 ACD =~ ’ ’
i . VENTURI MANOMETER READING (INCHES OF GATER)
] INITIAL 0 : FINAL : . -
‘ 18.8 T a8 ‘
STACK GASSVELOCITY (£t/sec)

INITIAL ; FINAL ;
SRR 72.70 ' 68.33 )
. WIND TUNNEL t- . SAMPLE " DELUTION SAMPLE
. . ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
R {ppm} - {ppm) {min)
1 .0.911 142 0.414 21 6.3 13
2 0.914 145 "0.426 22 6. 14

.

. . :
REPORT NUMBER 27 .~

K

— PROBE CONFICURATION 1/4 ACD
VENTURI HANOHETER READING™ (INCHES OF. HATER)

IN;TIAL G FINAL
- 11,57 1.3
R . STACK GAS VELOCITY (ft/see) - e .
) . . - R
: "INITIAL-. : FINAL
w1270 o 68.33 <
'WIND TUNNEL - SAMPLE DILUTION.,  SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION — RATIQ o OTIME
' . (ppm) * tppm) (min)
"1.. 0.931 161 0.451 TS ¥ N 40
2" . 0.935 166 Q.43 - 23 L 7.4 s

.
» - ’

-t



L5

[N )

ABSORBANCE

0.%08

.

REPORT NUMBER 28
PROBE CONFIGURATION 1/8 BCD

VENTURI MANOMETER READING (INCHES OF WATER)
INITIAL :

19.6 °

FINAL
19.5
STACK GAS VELOCITY (f:/sec)}

-~

!
INITIAL FINAL
_ 72,7t .70.81
WIND TUNNEL . SAMPLE DILUTION
CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
{ppm) - (ppm)
140 0.3 17 8.2
8.6

0.908

WIKD TUNNEL

0.924
0.923

INJTIAL FINAL
11.3 10.3
STACK "GAS VELOCITY (£ft/sec)
INITIAL . " " FINAL
72.71 ) 70.81
Q N -
SAMPLE . DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATICN  RATIO
(ppm) : - (ppm)
~t
154 0.334 15 - 10.5
153 0.374 8.7

Ll

140 - 16
REPORT NUMBER 28

PROBE CONFIGURATION 1/8 BCD
VENTURI MANOMETER READING (INCHES OF WATER)

18

SAMPLE
TIME -
{min)

11
12



160

v -
REPORT NUMBER 29
PROBE CONFIGURATION 1/4 8CD
VENTURI MANOMETER READING (INCHES OF WATER)
INTTIAL

my

INAL

19.1

[l

8.7
STACK GAS VELOCITY (ft/sec)

INITIAL FINAL
72.06 67.10
WIND TUNNEL , SAMPLE DILUTION SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENIRATION  RATIO TINE
(ppa) | (ppm) (min)
1 0.929 159 . 0.425 22 ¢ 7.3 23
2 0.926 156 . 0.433 22 7.0 4

REPORT NUMBER 29 _
PROBE CONFIGURATION 1/4 BCD
VENTURT MANOMETER READING (INCHES OF RATE?)

-

INITIAL 5 ‘ FINAL
9.4 _ 9.1

STACK GAS VELOCITY (£t/sec)

INITIAL FINAL
72.06 67.10 ) .
WIND TUNKEL SAMPLE DILUTION SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION RATIO TIME
* (ppm) 7 {ppm) . {(min) *
1 0.945 179 0. 54k 23 7.6 %
2 0.946 181 _ 0.444 23 7.7 - 37
Z
‘\ ~
~a
e L
“} ] ¢ . "



«

-+ ' REPORT NUMBER 30
PROBE CCNFIGURATION 1/3 AB
VENTURL MANOMETER READING (INCHES OF WATER)
INITIAL ' TINAL
19.5 . 19.8
STACK GAS VELOCITY (£:/sec)

. INITIAL FINAL

- T71.45 69.58

. WIND TUNNEL SAMPLE DILUTION SAMPLE

ABSORBANCE CONCEINTRATION ABSORBANCE CONCENTRATION — RATIO . TIME
{ppm) - - {ppm) (min)
1+ 0.916 146 0.271 11 - 137 ~ 13
2 0.912 143 _0.267 10 13.7 15
; # - REPORT NUMBER 30
r.

" . " *  PROBE CONFIGURATION 1/8 AB

5vé§;ph: MANOMETER READING (INCHES OF VATER)
“INITIAL FINAL
12.4 12.0
| STACK GAS VELOCITY (ft/sec)

INITIAL ‘ ' FINAL . v *
. 71.45 §9.59
WIND TUNNEL : ‘SAMPLE . *DILUTION SAMPLE
ABSORBANCE CONCENTRATION ASSORBANCE CONCENTRATION RATIO TIME
{ppm) {ppm) . (min)
1 0.926 156 0.252 10 16.3 36
2 0.928 158 0.280 11 1l 36

.



EPORT NUMBER 31

PROBE CONFICURATION 1/4 AB

VENTURI MANOMETER READING (INCHES OF WATER)

INITIAL
19.0 -

FINAL
19.4

STACK GAS VELOCITY (f:/sec).

INITIAL
73.06

“IND TUNNEL

ABSORBANCE

CONCENTRATION
(ppa)

146
146

REPORT NUMBER 31

FINAL
71.05
SAMPLE - DILUTION
ABSCRBANCE CONCENTRATION RATIO
{ppa) ‘ h
0.337 15, 9.8
0.339 15 9.7

PROBE CONFIGURATION 1/4 AB

VENTURI ﬁANOHETER READING (INCHES OF fATER) .

INITIAL
10.4

STACK GAS VELOCITY (ft/sec)

INITIAL
73.07

WIND TUNNEL®

ABSORBANCE

-

CORCENTRATION
{ppm)

160
160

FINAL
+.10.3

4

FINAL -
71.05
. SAMPLE DILUTION
ABSORBANCE CONCENTRATION  RATIO
(pp=)
0.373 18 9.2
0.375 18 9.1

1}

3 ’
{ M .

»

SAMPLE
TIME
(min)

13
13

SAMPLE
TIME

* (min)

33
=51



REPORT NUMBER 32
PROBE CONFIGURATION 1/8 AC
VENTURI MANOMETER READING (INCHES OF WATER)

INITIAL FINAL u
19.7 19.6
STACK GAS VELOCITY (£1/sec) i
INITIAL FINAL .
71.70 "69.10
‘Qig;;ii“° TUNNEL _ _ SAMPLE DRUTION SAMPLE
AR SCE  CONCENTRATION ABSORBANCE CONCENTRATION s\im TIME -
: (ppm) (ppm) . I {min) =
0.907 139 - 0.304 13 10.9 20
0.508 140 " 0.308 13 ) 10.8 17
REPORT NUMBER 32
PROBE CONFIGURATION 1/8 AC
VENTURI MANOMETER READING, (INCHES OF WATER)
INITIAL T . TINAL
14.8 ’ 14.7
STACK GAS VELOCITY (ft/sec)
INITIAL : FINAL
71.70 69.10
WIND TUMMEL - SAMPLE DILUTION SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION RATIO TIME
(ppa) ' (ppa) , (min)
0.921 151 0.320 14 11.0 3t
0.920 150 0.319 14 11.0 28

R



R+

[N

T

* ABSORB

ABSORBANCE CONCENTRATION

0.963
0.961

N

@«
REPORT KRUMBER 33

PROBE CONFIGURATION 1/4 AC

VENTURI MANOMITIER READING (INCHES OF WATER)

INITIAL

15.8

STACK GAS VELOCITY

INITIAL .

WIND TUNNEL

_ SAMPLE
ANCE CONCENTRATION ABSORBANCE CONCENTRATION
(ppm) . (ppm)
172 * 0.365 ™
182 0.407 20

oy
72.83

.//

REPORT XUMBER 33

TINAL

PROBE CONFIGURATION 1/4 AC

INITIAL

10.8

FINAL
10.7

STACK GAS VELOCITY (ft/sec)

INITIAL

WIND TUNNEL

72.83

(ppm)

21
20

1 \
6

0.450
0.457

s
an

SAMPLE

(p

24
25

-

FINAL
66.00

ABSORBANCE CONCENTRATION:

pa)

I

+

DILUTION
RATIO

(=} )

VENTURI MANOMETER iEADING (INCHES OF WATER)

DILUTION
RATIO

w0
.o
o

164

SAMPLE
TIME
(min)

18
13

i

SAMPLE
TIME
{(=min)

32
26



i

0.376

2,
? . )
REPORT NUMBER 34
PROBE CONFIGURATION 1/4 AD
Y;FTURI MANOMETER nznnifc (INCEES OF WATER)
% * INTTIAL FINAL
. 19.4 . 19.3
STACK GaS VELOCITY (f/sec)
INITIAL ' FINAL
70.90 67.58
WIND TUNNEL ? SAMPLE DILUTION
ABSORBANCE CONCENTRATION:- ABSORBANCE CONCENTRATION TI0
(ppm) ‘ : (ppm) )
1 0.908 140 0.324 14 . 1000
2 0.93 165 0.361 17 9.9
REPORT,NUMBER ~ 34
PROBE CONPEGURATION 1/4 AD
‘vzxrun;,nanoﬁzrsn“READING (INCHES OF WATER)
' CNrTIAL FINAL :
roo12.7 ‘ 124
Y STACK GAS VELOCITY (ft/seéc)
‘ e INITIAL FINAL -
~ 70.90 67.58 -
' WIND TUNNEL SAMPLE DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
{ppm) (ppm)
1 0.947 182 0.37 18 10.3
2 0.943 183 18 10.3

/

¢

SAMPLE

(min)

28



N

REPORT NUMBER 35
PROBE CONFIGURATION 1/8 AD

VENTURT MANOMETER READING (INCHES OF WATER)

INITIAL . FINAL
20,0 20.0
STACK GAS' VELOCITY (£:/sec)

.. INITIAL o _ FINAL
71.59 70.43
WIND TUNNEL SAMPLE ' DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
(ppm) , - f{ppm) -
1 0.933 164 0.317 14 S 12.1
2 0.935 166 0.319 14 12.1
. REPORT NUMBER 35
; .+ . PROBE CONFIGURATION 1/8 AD
VENTURD MANOMETER READING (INCHES OF WATER)
| INITIAL . FINAL
Y12.3 , 12.2 -
B STACK GAS VELOCITY (ft/sec)
INITIAL FINAL
71.59 70.43
WIND TUNKEL SAMPLE DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE GONCENTRATION  RATIO
(ppm) . ' (ppm) ,-
1 0.948 183 0.31% 13 13.8
2 0.948 183 0.337 .15 12.3
' . — - N
f-4
-
F .- - 4
s

SAMPLE
TIME
(min)

13
13

SAMPLE
TIME
{min)

36
27

166



2

INITIAL v . FINAL
T20.2 Yoo 2002
STACK GAS VELOCITY (£r/sed)
INITIAL - FINAL
69.69 Zog6.81
WIND TUNNEL ' SAMPLE . DILUTION.
ADSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION — RATIO
(ppm) (ppm) —
0.915 146 0.296 12.- 12.0
0.909 140 0.29% 12 ] 11.7
REPORT NUMBER 36
PROBE CONFIGURATION 1/8 3C ° Tf
. VENTURI HANOHETER READING (INCHES OF- WATER)
INITIAL FINAL
12.1 ' 12.1 ‘
STACK GAS' VELOCITY (Et/sec) .
INITIAL. ' FINAL ,
69.69 ) . - 66,61
WIND TUNNEL SAMPLE DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
(ppm) > : (ppm)
0.913 146 0.300°. 12 11.6
0.912 163 0.302; 13 11.6
/. . o
[ 4

REPORT NUMBER 36 |
PROBE CONEIGURATION 1/8 3C

VENTURI MANOMETER READING (INCHES OF WATER)

SAMPLE

- TIME

¢min)

16
B

\-a(.
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REPORT NUMBER 37
PROBE CONFIGURATION 1/4 3C
VENTURL MANOMETER READING (zncnss Qr WATER)
S, INITIAL “FINAL ;
T19.5 . - 19.6
sracx GAS V:LOCITV (._ﬁggf)
g
. INITIAL . ' fI\AL
71.36 " 69.63 :
" WIND TUNNEL SAMPLE "DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
(ppm) = (ppm) °
{1 0.913 144 0.372 17 - 8.2
2 .0.913 144 .0.3% 18 Tt~ 8.2
3 0.915 146 . 0.347 16 9.3
. 4 0.913 146 0.384 18 7.8
REPORT NUMBER 38
+ PROBE CONFIGURATION 1/4 BD
VENTURI MANOMETER READING (INCHES OF WATER).
. INITIAL - FINAL
19.7 19.3
~ . \‘_‘
. "~ STACK GAS VELOCITY (ft/sec)
N . INITIAL © FINAL
- 71.42 ' . 67.66 -
wzun TUNNEL * SAMPLE DILUTION
ABSORBANCE ~CONCENTRATION ABSORBANCE. CONCENTRATION  RATIO
. (ppm) (ppm)
1 0.899 v 133 0.349 16 . 8.4
2 0.897 131 ¥ 0.350 16 . 8.3
' - : .
k | - - -

168

Vo

SAMPLE
TIME
(min)

32 S
32 :
32

29

(mzn)

12 7 -’

17



0

REPORT NUMBER 38

. PROBE CONFIGURATION 1/4 3D
. , , VENTURI MANOMETER READING TIRCHES OF WATER)
" INITIAL . ) FINAL
3 . 12.5 12.2
. B ﬂ w
. _ S7RCK GAS VELOCITY (£t/sec) £ -
. 7 o INITIAL . FINAL
s * . \ ~
e - 71.42 _ /ﬂ\e—'f.ss °
’ “WIND TUNNEL ° SAMPLE DILUTION "saMpPLE
.. ABSORBANCE honczuraa**o ABSORBANCE CONCENTRATION  RATIO TIME
i ' 3 (ppm) (ppm) . (min)
1 0.906 138 0.355 ° 16 8.5 - 21
. 3 0.910 141 0.368 17 3.3{\\\ 23
. . REPORT NUMBER 39 ] X
e, . PROBE’ conr:cuaAI£%N 1/4 €D - T
- _VENTURI MANOMETER READING (INCHES OF aarsa) -
- L
- *
Y 3 CINITIAL _"_\-FIRAL
~ p - 19.4 19.0
. T . _ €STACK GAS VELOCITY (ft/sec)
. INITIAL FINAL
o 71.87 . 71.56 -
- | WIND “TUNNEL AMPLE ~ DILUTION SAMPLE
) ABSORBANCE . CONCENTRATION "ABSORBANGE CONCENTRATION =~ RATIO TIME
(ppm) :(ppm) (min)
: 1 0.928 158 0.398 19 8.1 —20
_ 2 0.932 163 0.403 20 8.2 23
. . " . . -
. S T v -
. A « - vl
. s ) ' T-c"
: : ' g "
. w . .
. J,_ ~ Y - i
. P s
e,
- ' .« . . . »

-

169



P
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REPORT NUMBER 39 -
. PROBE CONFIGURATION 1/4 €D
VENTURI MANOMETER READING (INCHES OF WATER)

INITIAL © . 1. .- _"FINAL

‘u

14,6 | 14,1 g
STACK GAS VELOCITY (ft/sec)

, . INITIAL , FINAL
- 71.87 71.54
WIND TUNNEL ) . _ SAMPLE - T DILUTION SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
. (ppm) , . (ppm) (min)
0.939 171 0.611 21 L 8.3 . 35 .
0.937 168 - 0.415 21 8.1 39 R
v - :
N REPORT NUMBER 40
PROBE CONFIGURATION 1/8 3D
VENTURL MANOMETER READING (INCHES OF WATER)
INITIAL FIFAL o
‘ 20.5 T 2002 .
STACK GAS VELOCITY (ft/sec) . .
INITIAL - FINAL o
. 72.38 . - 68.91 . .
WIND TUNNEL SAMPLE DILUTIQON AMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
) _ (ppm) -~ (ppm) ‘ (din) -
1 0.924 o154 L0271 11 4.4 3
2 D.919 149 . 0.2% . 11 . 13.3 \
*
2. .
. T
: -
: s
I\ SRR .



L

[N ]

[ ] o

REPORT NUMBER 40
. PROBE CONFIGURATION 1/8 5D
VENTURI MANOMETER READING (INCHES OF WATER)

INITIAL FINAL
11.1 11.0 - -
" STACK cas‘szoczfy (£x/sec) ’
~ NtTIAL FINAL T
72.38 . 68.91 )
WIND TUNNEL SAMPLE © DILUTION SAMPLE
ABSORBANCE CONCENTRAZYON ABSORBANCE CONCENTRATION — RATIO TIME
) (ppm) (ppm) {min)
0.928 158 .. 0.284 1. - 13.8 3%

0.928 158 - 0.284 11 13.8 32,

N . -
+
. 3

REPORT NUMBER 41
PROBE CONFIGURATION 1/8 CD.

VENTURI MANOMETER"READING (INCHES OF WATZR)
INITIAL .. FINAL
20.3 _ o 20.3
STACK GAS VELOCITY (ft/sec)
INITIAL FINAL
72.71 170.17

WIND TONNEL SAMPLE DILUTION _SAMPLE
ABSORBANCE /CONCENTRATION ABSORBANCE CONCENTRATION RATIO .. TIME
. (ppm) - {ppm) . -7 . (min)
0.898 132° 0.297 12 10.8 15

LL.B98 s13z 0.297 ' 12 10.8 17

C\.

-
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REPORT NUMBER 41
PROBE CONFIGURATION 1/8 CD
VENTURT MANOMETER READING (INCHES OF WATER)
INITIAL 0 rmNAL
13.7 - 13.3
STACK GAS VELOCITY (ft/sec)

INITIAL - : FINAL
72.71 ) 70.17 .
WIND TUNSEL ~ © - SAMPLE 'DILUTION - SAMPLE
ABSORSANCE CONCENTRATION ABSORBAhCE CORCENTRATION RATIO . TIME
(ppm) ° (ppm) : {min)
0.912 143 0.279 11 . 12.8 17
0.512

{

1
W3

&4

143 0.312 13 10.8 31

REPORT VU%BER 3

\
PROBE CONFIGURATION 1/8 ABCD 4
- _VENTURT MANOMETER READING (INCHES OF UATER)
INITIAL RS s;§AL
19.3 el 19.1 -
STACK GAS VELOCITY (ft/sec)
.. INITIAL Lo FI&QL
36,16 . . e e L 32.36
WIND TUNNEL " " SAMPLE DILUTION " SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION RATIO “TIME
(ppm) (ppm) : (m;n)
0.875 117 0.356 16 7.2 9
0.873 ' 116 0.357 - 16 7.1 10
0.872 116 - 0.360 t 17 - 7.0 13
7.0 14

- 0.870

114 0.358 16

o
’.



REPORT NUMBER 43
PROBE CONFIGURATION 1/8 ABCD
VENTURI MANOMETER READING (INCHES OF WATER)
3 INITIAL FINAL
5.1 . 4.6
STACK GAS VELOCITY (f:/se=3

T E W

- . INITIAL . FINAL
=) \ .
36.16 .1 - 32.36
WIND TUNNEL ' SAMPLE " DILUTION SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
Tppa) (ppm) ' (min)
1 0.944 178 0.403 20 . 8.9 33
2 0.955 ‘195 0.459 25 7.8 0
3 0.95 193 . 0.461 25 7.7 30
4 0.955 195 0.661 25 7.8 25
REPORT NUMBER 44 ..
" PROBE CONFIGURATION 1/4 ABCD
VENTURI MANOMETER READING (INCHES OF WATER) i
| INITIAL . FINAL
' 3.7 3.7
L . STACK GAS VELOCITY (ft/sec)
d INITIAL ~ FINAL
35.22 | - 35.15
, .WIND TUNNEL SAMPLE ~ DILUTION SAMPLE ’
ABSORBANCE CONCENTRATION ABSOFBANCE COSCENTRATION — RATIO TIME
(pp=) : - (ppm) ' 5. (amin)
0.927 157 . 0.468 26 6.1 41
9.930 160 0.470° . 26 - 6.2 & ' 37
0.929 159 0.474 26 6.1 36
0.926 156 0.470 26 6.0 53
. .
» “ -
L] - . - -
~ ) - Lt & ~
. M : ’ - e
A i s ?

~1
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PROBE CONFIGURATION 1/4 ABCD
. VENTURI MANOMETER READING (INCHES OF WATER) -
INITIAL  FINAL
16.8 19.0
STACK GAS VELOCITY (ft/sec)
T Y.,
INITIAL FINAL -
35.22 ‘ 35.15
WIND TUNKEL SAMPLE .. DILUTION
. ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
(ppm) . -tppm> - -
1 0.868 113 0.382 18 6.2
2 0.860 o 100 0.378 18 © . Si8
3 0.838 99 0.373 - 18 5.7
L 0.338 99 0.376 - 15 5.6
REPORT NUMBER 46~ °
PROBE CONFIGURATION 1/8 A
. VENTURI MANOMETER READING (INCHES OF UAIER)
INITIAL. FINAL .
20.2 S 200
~ STACK GAS VELOCITY ‘(ft/sec)
INITIAL N FINAL
. 36 11 34,86
IND TUNNEL ’ ' SAMPLE * DILUTION
ABSORBANCE ' CONCENTRATION ABSORBANCE CONCENTRATION  RABIO
(ppm)~, (ppm) s
1 0.886 126 1 .. 0.218 8 16.0
2 0.880 120 = .0 0.215 8 15.8
3 0.877 118 ™ - 0.216 8 15.5
& 0.879 120 0.213 7 .16.0 ¢
. .’ . B . .
f \ r";:‘
‘- =

REPORT NUMBER 45

SAMPLE

© TIME

(min)

10

9
10
-9

SAMPLE
TIME -~
(min)

11
10
11

12
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REPORT NUMBER 47

PROBE CONFIGURATION 1/8 A

VENTURI MANOMETER READING (INCHES OF WATER)

INITIAL

7.8

¢

FINAL
7.6

STACK GAS VELOCITY (£t/sec)

INITIAL

36.11

NNEL

FINAL °
34.84

SAHPLE

ABSORBANC ONCENTRATION ABSORBANCE CONCENTRATION
. {ppm)
0.932 0.225 8
0.937 0.247 9.
0.936 167 0.255 10
0.934

165 3260 ' 10

REPORT NUMBER 43

'PROBE CONFIGURATION 1/4 A

VENTURI MANOMETER READIhG (INCHES OF WATER)

. IRITIAL ' FINAL

5.8" : . 5.8
( STACK GAS VELOCITY {(fr/sec)
k/ INITIAL

' FINAL
36.23 LA 35.69
WIND TUNNEL' ‘ SAMPLE
ABSORBANCE ~CONCENTRATION ~ABSORBANCE CONCENTRATION
(ppm) , (ppa)
0.917 167 0.295 12
0.910 . 141 0.289 12
0.906 138 . 0.284 11
0.906 138 0.283 11
<

.
R

et

b

DILUTION

.RATIO

20.0

. 18.1

17.2
16.&-,-‘

-

BILUTION
RATIO

.Y

2.3
2.

2.
2.

HHON

175

SAMPLE
TIME

(min}

31

34
3~
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REPORT NUMBER 49
PROBE CONFIGURATION 1/4 A
VENTURI MANOMETER READING (INCHES'OF WATER)

INITIAL FINAL
19.4 . 19.5
-STACK GAS VELOCITY (f:/sec) i
INITIAL FINAL
35.69 35.60
WIND TUSNEL *~ _ - SAMPLE DILUTION
ABSORBANCE CONCENTRATION. ABSORBARCE CONCENTRATION  RATIO
(ppm) (ppm)
1 0.826 94, 0.208 7 “13.0
2 0.796 83" 0.211 7 11.3
3 0.793 32 0.210 7 _11.2 .
i 0.79% 83 0.220 8 1 10.5
REPORT NUMBER SO R KT S
PROBE CONFIGURATION 1/8 € .
" VENTURI MANOMETER READING (INCHES OF WATER)
INITIAL _FINAL
5.9 ' 5.8
STACK GAS VELOCITY (ft/sec)
INITIAL . . ¢* FINAL
35.33 34.17 -
WIND TUNNEL ' " SAMPLE - DILUTION
ABSORBANLE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
(ppm) (ppm)
1 0.949 185 ° 0.280 11 . 16.5
2 0.944 . 178 - 0.271 11 16.7
3 0.941 Y 174 0.271 11 16.3
4 0.944 178 0.275 11 . 16.3
r'd "f,
\;

-

176

SAMPLE
TIME
{min)

16
14 —
13
13

L 1
SAMPLE
TIME
{min)

33

45

<0
:.56,-

&



; . REPORT NUMBER 51 . a
PROBE CONFIGURATION 1/8 C
VENTURI MANOMETER READING (INCEES OF WATER) ‘ ///
INITIAL FINAL '
20,1 20.5
o STACK GAS VELOCITY (£t/sec)

INITIAL FINAL
& o -
34.18 N 33.90 ~
WIND TUNNEL © ¥ | SAMPLE DILUTION SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
(ppm) (pp=) - (mip)
1 0.576 118 ©0.217 8 15.3 15 Y
2 0.864 111 0.226 8 13.6 S12
3 0.865 112 0.224 8 - 13.9 14
i 0.863 111 0.227 8 13.5 16
REPORT NUMBER 52 . -
® PROBE CONFIGURATION 1/16 C
VENTURI MANOMETER READING (INCHES OF WATER)
JINITIAL FINAL.
4.9 4.6
STACK GAS VELOCITY (ft/sec)’
. ff INITIAL FINAL
35.75 o 34.38
WIND TUNNEL S SAMPLE DILUTION ~ SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
(ppm) ' {ppm) {min}
1 0.910 141 - 7 - 0.111 3 Aé.t 53
2 0.911 - 142 0.112 3 . 46.3 44 :
.3 - 0.912 y 143 0.117 3 - 43.9 - EPR
4 0.913. -7 144 0.117 3 o2 35 ,
" : - '
LR -



[ PO Y

REPORT NUMBER 53
[PROBE CONFIGURATION 1716 ©
WVENTURI MANOMETER READING (INCHES OF WATER)
INITIAL FINAL
20.5 20.9
STACK GAS VELOCITY (ft/sec) :

INITIAL . FINAL
. . 34.39 i 34.61
WIND TUSNNEL SAMPLE DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
{ppm) (ppa)
0.815 90 0.101 . . 3 33.7
0.797 84 0.098 -3 32.6
0.793 82 0.091 2 . 35.5
0.791 .82 © 0.098 3 S 31ls
REPORT NUMBER 54
. PROBE CONFIGURATION 1/16 A
VENTURI MANOMETER READING (INCHES "OF WATER)
) . . -
\// INITIAL FINAL
5.6 . 5.2
| STACK GAS VELOCITY (£t/sec) .
INITIAL FINAL
e 36.56 SR FO0 B
" WIND “TUNNEL SAMPLE DILUTION
ABSORBARCE _CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
) , {ppm) (ppm)
0.852 . - 190 0.097 3 75.1
0.9%s.. 185 0.100 3 70.
- 0981 188 0.106 3. £6.
0.952 " . 190 0,109 3 64.2

Pru .

SAMPLE
TIME
{min)

9
10
10
10

SAMPLE
TIME
{min}

b}
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REPORT SUMBER 55 - -
- PROBE CONFIGURATION 1/16 A
VENTURI MANOMETER READING (INCHES OF WATER) Kq‘_d
- INITIAL . FINAL © | .
) 20.1 20.4
. STACK GAS VELOCITY (£t/sec)
N INITIAL | FINAL .
» 36.06 33.76
WIND TUBNEL SAMPLE DILUTION SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME ;
: ) (ppm) - (ppm) (min) |
1 0.869 114 0.111 3. 37.6 ° 14 b
2 . 0.851 105 0.110 3 35.0 19
3 0.848 103 0.096 2 41.5 14 .
s 0.849 104 0.118 3 31.5 13
REPORT NUMBER 56 ' SR
" °ROBE CONFIGURATION 1/16 ABCD
- VENTURL MANOMETER READING (INCHES OF WATER) -
- . < INITIAL - _ FINAL ' .
) St s - ' - 5.1 B
. * . } . .
;' . ' . . STACK GAS VELOCITY (£ft/sec)
1. - CINITIAL FINAL
SN 35.03 33.86
: WIND TUNNEL ) SAMPLE - . DILUTION SAMPLE
ABSORBANCE CONGESTRATION ABSORBANCE CONCENTRATION RATIO TIME
Tta . ~(ppm) (epm): ‘ (min)
0.931 161 0.197 7 26.1 36
0.928 158 0.203 7 22.6 S0
10.921 151 0.200 L7 22.1 38
149 10.195 7 22.6 38
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RCPORT NUMBER 57
PROBE CONFIGURATION 1/16 ABCD

v

VENTURI MANOMETIER READING {INCHES OF WATER)

PR PCR N o

INITIAL TINAL
. : 20.0 2001
. . STACK GAS VELOCITY (ft/sec)
37 INITIAL FINAL
o 36,13 T 33.9 _ ]
WIND TUNNEL - * ' SAMPLE “  “pILUTION SAMPLE
— ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
‘ - v (ppm)- (ppm) ) (min)
0.831 , 96 . 0,176 6 16.8 12
0.802- { -85 0169 .5 15.8 ©12
0.797 84 . 0.160 5 16.7 11
0.179 83 = 0.170 5. . 15.2 10
REPORT NUMBER. 'S8 . - Toos
.~ ° PROBE CONFIGURATION 1/4 G
{  VESTURI MANOMETER READING (INCHES OF WATER)
- . INITIAL oo " FINAL
8.7 ' - 8.9
: * .
STACK GAS VELOCITY (ft/sec)
: INITIAL S _FINAL .
35.91 . _ o oa.35.02 LY S
: WISD TUNNEL ' SAMPLE - ° DILUTION SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION RATIO TIME
. (ppm) . (ppm) o (min)
0.932 163 O 0.329 14 - 11.3 2
0.931 - - 161 o 0.341 15" 1016 ‘34
0.925 - 159 . 0.336 w15 -10.7. - 2

WO

0.928 158 o= 0,334 IR 5 I 10.8 2z
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REPORT SUMBER 59
PROBE CONFIGURATION 1/4 C
VENTURI MANgnﬁrzi READING (INCHES OF WATER)
INITIAL _ | FINAL

<2001 R 20.4

STACK Ca&S VELOCITY (ft/sec)

INITIAL . FINAL
- 35.02 o .- 35.03° .
JIND TUNNEL — SAMPLE . DILUTION ° SAMPLE
ABSORBANCE CONCENTRATION Aasoaaaucv CONCENTRATION RATIO TIME
’ (pem) . {ppm) (min)
©0.885 123 0,297 .12 10.1 9
0.576 - o 118 0.293 - 12 9.8 13
0.875 117 0.268 10 11.2 12
0.876 118 0.300 + 12 3.5 © 1B
REPORT NUMBER 60
o 'PROBE -CONFIGURATION 1/16 ABCD
""" VENTURL MANOMETER READING (INCHES OF WATER) *
N INITIAL ' . FINAL
s 13.% 13.3 ‘
STACK GAS VELOCITY (ft/sec)
INITIAL " FINAL .-
- €9. 55 ‘ | §6.20° |
'+ GIND TUNNEL SAMPLE: ‘DILUTION .  SAMPLE
ABSORBANCE _CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
- {ppm) (ppm) . (min)
0.932 163 0.330 14 11.3 35
0.931 161 0.340 . 15 10.7 35
.. 0.929 159 0.336 15 .10.7 .32 .
0.928 158 0.333 15 10.8 35
' I
’ .
| 4
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REPORT NUMBER 61

. PROBE CONFIGURATION 1/16 ABCP
- VENTURI MANOMETER READING (INCHES OF WATER)

‘ n
INITIAL FTINAL
20.8 - 20.7 o
STAGCK GAS VELOCITV fr/sec) ,
INITIAL T FINAL o, .
71.10 ' . 70.16 - .
a WIND TUNNEL  SAMPLE DILUTION = . SANPLE
©  ABSORBANCE CONCENTRATION Rssonsaucs CONCENTRATION .RATIO : . TIME
(ppm) (ppm) {2in)
1~ 0.885 123 © 0,297 12 10.1 <18
2 0.876 118 . 0.292 -2 . . 8.9 . - .18
3. 0.875 117 =7 . 0.268 10 . 11.2 19
a 0.876 118 0.300 ) 12 9.5 . 19
. ' . |
. REPORT NUMBER 62
PROBE CONFIGURATION 1/16 ABCD
. VENTURT" MANOMETER READING (IKCHES OF WATER)
' INITIAL FINAL
20.7 : ' 20.7 a.
. . IR 4
. STACK GAS VELOCITY (ft/sec) - ~
"INITIAGY o FIEIAL N .
s, 27 : 81,20 .
WIND TUNNEL * SAMPLE DILUTION SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CO cznrnarxon +RATIO_ IME
: (ppm)’~ ppm) o hin)
1 0.899 - 133 0.216 - a 1764
2 . 0.895 130 0.224 8 16.1 - 40
3 0.854 . 129 . 0.215 3 17.0 22
4 0.891 - 127 - 0.211 17.3 ‘40
.
s T
) s '
- ' N . ’; - ) J'.
. % . ) -
. - s
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INITIAL B . TINAL .
—— DAY ..
§0.23 _ 70.15 -
WIND TUNNEL SAMPLE DILUTION  SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION RATIO TIME |
* 7 (ppm) {ppe) : . (min)
0.573 116 0.114 3 “3g,e . 28
0.872 116 0.108 3 3908 32
. 0.870 114 0.096 2 Q5.9 3
0.868 113 0.187 3 39.3 28
REPORT NUMBER. 64 .
PROBE CONFIGURATION 1/16 A -
VENTURI MANOMETER READING (INCHES OF WATER)
T ommian FINAL
21.0 20.9
STACK GAS VELOCITY (£:/sec)
INITIAL FINAL
70.15 70.15
WIND TUNNEL SAMPLE DILUTION SAMPLE
ASSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION RATIO | TIME
- (ppm) | (ppe) (min)
0.892 128 = S 0.12 3 41,7, -~ 23
0.893 129 0.114 3 40.9 21
0.893 129 0.117. . 3 39.5 15
0.891 127 -~ - 0.122 3 37.3 19

REPQRT NUMBER 83 .

DROBE CONTIGURATION 1/16 A

VENTURI MANOMETER READING (INCHES'G? WATER)

-

INITIAL :  FINAL
¥6.9 17.2

STACK GAS VELOCITY (ft/sec)

p—

.

(V)]



REPCRT NUMBER 63 -
- PROBE CONFIGURATION 1/18 C

~ —TWTURI MANOMETER READING (INCEES OF WATER)

INITIAL TINAL
2.2 12.8

STACK GAS VELOCITY (fx/sec)

INITIAL FINAL
87.43 ) 63.57 |
SIND TUSNEL - 7. saMpLE DILUTION SAMPLE
ABSCRBANCE cowc-s*aA;¢o~ Aasoaaaxca CONCENTRATION  RATIO TIME
. ~ (ppm} - {ppc) ‘ (min)
1 0.911 142 _0.095 S 2 57.3 56
2 0.910 141 S 0.114 3 45.0 45
3 0.911 142 " 0.106 .. 3 51.2 36
4 0.909 140 9.115 "~ 3 44.2 35
r bt
REPORT NUMBER 66
PROBE CONFIGURATION 1/16 C :
VENTURI MANOMETER READING (INEHES OF WATER) - .
INITIAL C ~ FINAL ‘
21.1 ‘ 21.0
cTACK GAS VELOCITY (£t/sec)
: INITIAL FIKAL
" $9.82 68.56
WIND TUNNEL SAMPLE © DILUTION SAMPLE
ABSORBANCE GCONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
(ppm) (ppm) (minj
v 0.883 122 0.099 3 47.0 22
2 0.B81 . 121 0.098 3 a7.1 17
3 0.881 121 0.088 2 54.4 25
“ 3 43.3 23

#.880 . 120 0.104

(=]

&Y
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£EP0RT SUMBER 57'~‘“
PROBE CONFIGU TI08 *115 ¢ e
VESTURI HAROHETER:R_ADLBG (INCHES OF WATER)
. INITIAL _FINAL
o 21-2 TR : ﬂll‘".
. STACK' GAS VELOCITY E:/sec) '
Lrxtmia o ow o FINAL.
) 86,18 | §3.45
. WIND TUNNEL SAMPLE . .. DILUTION
ABSORBANCE CONCENTRATION .ABSORBANCE CONCENTRATION | RATIO
(ppm) ' * (ppa)
0.351 121 0.107 o .1.9
0.574 117 0.112 L3 38.0
0.877 118 0.116 . Ty 6.8
0.879 1208 ¢.113 3. 38.5
) REPORT NUMBER 68
-PROBE CONFIGURATION 1/16 A
VENTURI MANOMETER BEADING -(INCHES OF WATER)
INITIAL FINAL:
21.2 . 21.7
STACK ‘GAS VELOCITY (ft/sec)
INTTIAL FINAL
§7.59 80.74
WIND TUNMNEL SAMPLE DILUTION
4BSORBANCE CONCENTRATION ABSORBANCE CONCESTRATION  RATIO
(ppm) (ppa)
0.882 121 9.112 3 9.8
0.864 111 0.123 2 31.9
0.868 113 0.125 & - 31.8
0.877 118 . 0.126 4 32.9

SAMPLE

TIME .

{min)
30
29
25
20

SAMPLE

TIME
(min}

8
kY-
50
25
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REPORT NUMBER 69
Tiv
PROBE CONFIGURATION'1/16 B
VENTURI MANOMETER READING (INCHES OF WATER)

-

INITIAL T FIKAL
2157 . 21,40 N
STACK GAS VELOCITY (ft/sec) S
INITIAL e, .. FINAL -
70.60 | 7183 e
GIND TUNNEL ' SAMPLE w7 DILUTION
ABSORBANCE CONCENTBATION ABSORBANCE CONCENTRATION . RATIO
R (ppa (ppm)

-~ §.802 128 0.130 a 134.0
0.893 129 0.140 -4 30.9
0.892 125 0.133 4 33.0
0.891 127 ©0.129 y 4 , w2

REPORT NUMBER 70
PROBE CONFIGURATION 1/16 B_
VENTURI MANOMETER READING (INCHES OF WATER)
INITIAL " e | FINAL
13,6— U7 e
STACK"GAS vsLocrif'gﬁzfsec) )
INITIAL FINAL
71.74 . 71.62
WIND TUNNEL SAMPLE DILUTION

ABSORBANCE CONCENTRATIOR ABSORBANCE CONCENTRATION RATIO

0.903
0.903
0.899
0.898

{ppm) W (ppm)
136 . 0.127 4 - 37.3
136 0.127 4 137.3
133 0.127 A 36.5
132 0.131 4 34.8,

3

SAMPLE
TIME
(zin)

18
16
22
15

]
5

SAMPLE
TIME
(min)

vy
.

—
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’ REPORT SUMBER Ti:. . Lewm oo Ci
- SROBE CONFIGURATION 1/16.8 . oL "
VTSTURI MANOMETER READING (INCHES DF WATER)
INITIAL FINAL
az. 20.5
- STACK GAS VELOCITY (f:/sec) _ e,
INITIAL - Tt FINAL :
91.99 82.43
wIND TUNNEL _SAMPLE ° DILUTICN SAMPLE
ABSORGANCE CONCINTRATION ABSORBANCE CONCENTRATIN  RATIO TIME
. - {ppm) {ppa) . {min) .
2 1 0.884 123 0.083 ™ 2 .. 55.2 32
- 3 0802 ., . 128 0.11% 3 38.4 18
.3 0.397 131, 7 0.119 3 39.4 16
H 0:903 - 136 0.121 o3 39.3 16
' * REPORT NUMBER 712
N !
PROBE CONFIGURATION 1/16 D
- VENTURT MANOMETER READING (INCHES OF WATER)
-t .
INITTAL. FINAL , -
- 20.5 ' .. 2055 -
' STACK GAS VELOCITY (ft/sec) _ .
INITIAL ' FINAL
71.03 . 70.33 ~
WIND -TUNNEL ‘ SAMPLE DILUTION ~ SAMPLE.
ABSORBANGCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME °
(ppm) {ppm) (min)
1 7 0.906 138 0.133 4 35.6 19
2 0.906 -138 0.13s 5 35.3 23
3 0.908 ., 140 . 0.129 4 7.6 17 =
-4 0.907 , 139 0.142 4 32.8 21
P o ) T
. . _
q‘- *
'y - r
- -



+ L atar

INITIAL - FINAL -
14.6 _ 15.0 R
STACK GAS VELOCITY (ft/sec) e )
INITIAL ' UFINAL T. -
70.32 . Y 0.6k
WIND TUNNIL 4 saMpLE DILUTION SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
{ppa) ot {ppm) . {min)
1 0.917 147 . 0.137 - 4 36.5 28
2 0.017 147 % 0.1 s 34.8 30
3 0.917 147 0.141 4 35.1 2¢
- 0.916 146 0.146 . 33.3 . 28
REPORT NUMBER 74
'PROBE CONFIGURATION 1/16.2 _
VENTURI MANOMETER READING (INCHES OF WaTER) . -,
. INITIAL . FINALY, ST
: o 2203 ' Yoo Ca1s 0T
ey STACK GAS VELOCITY (£:/sec) o ~
INITIAL . FINAL. C e
. 88.79 LT s 83,33 .
WIND TUNNEL * SAMPLE DILUTION SAMPLE.
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION — RATIO TIME
(ppm) ~(ppe) (min)
0.860 109 0.106 3 38.3 17
0.868 . 113 0.133 e 29.2 18 -
_0.875 . 117 0.147 4 L. 26.6 17
0-881 E 131 0.146 - 4 L. 27.4 1€
.o ’ '
- = . U
. w . . ST
T
¢ t A -
S . N
a‘;" '-\ v -
[V -
- ’ v

REPORT NUMBER 73
PROBE CONTIGLRATION 1/16 D

VENTURI MANCMETER READING (INCHES CF WATER)

188
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RTPORT NUMBER 75 ¢ -
PROBE CONFIGURATION 1/4 D no~
VENTURI MANOMETER READING (INCHES OF WATER)
- INITIAL. S ~ TINAL )
4. 18,9 “20.1
L STACK GAS VELOCITY (f:z/sec)
. INITIAL 5 FINAL
) A . : ¥ -
34.92 ‘ 38.73
WIND TUNNEL SAMPLE T DILUTION. SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
. (ppm) - . (ppml ~ {mim) O
0.898 132 " 0.287 12 rae s o1
0.900 . 133 . 0.286 12 1.5 Y- 7010
0.599 . 133 0.293 1277 11 .10
0.899 133 0.293 1z e 11.1 10
. _ RCPORT NUMBER 76 i ’
: ) =Rna= cou;tcuaarrom 1/4 D
. v-wrunz wauouzrrn READING (INCHES OF WATER) " *
INITIAL _ o FINAL Z .
. . 10.5 - . _ 10.4 '
STAGK ‘GAS VELOCITY (£:/sec)
INITIAL FINAL ..
. 34373 36.18 LT T
SIND TUSNEL SAMPLE ' pILUTION  ° SAMPLE
ABSORBANCE . CONCENTRATION ABSORBANCE CONCENTRATION . RATID - TIME
. (‘PPWJ : (ppm) —_— T (min)
o.91§ © 149 0.305 13 11.7 . 23
¢ 0.92% 154 0.311 13- 1.7 25
0.925 4 155 . . 0.296 12 12.7 - 20 R
0.924 156+ ~ 0.321 14 11.2; a1
¢ " ey
« I 'y
- &
. ¥
.. 3. :
~ i ~g
"
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o REPORT NUMBER ?7 Y

PRO3E CONTIGURA;IQW eI
VENTURI MANOMETER READING (Z¥CHES | QF WATER)

INITIAL FINAL
£.1 - - §.1
- STACK GAS VELOCITY (£ft/sec) 2
.'\- ‘
’ INITIAL FINAL
" 34.05 34.30 _
WIND TUNNEL SAMPLE DILUTION SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION RATIO TIME
e, (ppm) ~ (ppm) (ain)
"0.934 + 165 0.246 9 17.8 .29
933 164 0.249 9 17.4 - 25
0.931 161 0.254 10 _ 6.7 . 28
0.930 160 0.257 10 16.3 . 27
REPORT NUMBER 78 . o
PROBE CONFIGURATION 1/8 D ’ -
"L VENTURI MANOMETER READING (INCHES® ‘OF WATER) B
- INITIAL FINAL ,
20.4 20.56
* STACK .GAS VELOCITY. (f:/sec) ‘
INITIAL FINAL -
.- 34.21 3.16 .
WIND TUNNEL SAMPLE "~ DILUTION SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION - RATIO TIME
(ppm) {ppm) {min)
0.395 130 0.200 7 19.0 g
"0.889 126 0.199 7 18.5 3
0.889 ° 126 0.198 7 18.5 Co12
0.887 125 0.205 7 176 8
. s h
. * -
a' \- -
. .

190"
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‘ "REPORT NUMBER 79 -
- DROBE CONFIGURATION 1/4 3 T

PO i3

*" " AENTURI MANOMETER READING (INCHES OF WATER).

-
-,

INITIAL - NAL

o

-

7.9 7.7

'STACK GAS VELOCITY (f:/sec)

-~ ~ LINITIAL FINAL
- T 3460 " 34.53
| WIND TUNNEL " saMpLE DILUTION
_© ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
T (ppm) _ (ppm)
Rt 0.930 160 0.307 13 - 12.4
“ 2 0.931 161 0.331 15 ST
.3 0.936 167 © 0,299 12 . 13.5
x i 0.935 166 0.326 - 14 11.7

L INITIAL FINAL
"" - ._ -‘ .
: . 4!"19.9 - ‘ 20.0
'STAGK GAS VELOCITY (ft/sec)
INITIAL ®»  FINAL
i 34.56 , 34.21
’ WIND TUNNEL . SAMPLE "~ DILUTION
ABSORBANCE ~ CONCENTRATION ABSORBANCE CONCENTRATION -RATIO
) (ppm) . (ppm) “
1 0.89- 129 " 0,283 11 11.4
2 0.589 126 0.282 11 - 11.1
3 0.888 125 0.283 11 11.0
4 0.388 125 07288 12 10.7
[

REPORT NUMBER 80 ..
PROBE CONFIGURATION'1/4 8
VENTURI MANOMETER READING (INCHES OF WATER)

SAMPLE
TIME
(min)

23
23
28
28

SAMPLE

TIME
(min)

O wwpw



o L e " agecaT SgMBER s3
. R PROBE CQNFIGURATION 1/8 3
- . . . - , )
. . VENTURI %ANO“ETER a_Aanc (INCHES OF WATER)
y - - :’l -
4 INITIAL * . FINAL =
. -— 20.5 - 20. \‘ \
- - - STACK GAS VELOCITY (f:/séc) ©
) ) INITIAL -, L s FINAL -
' * 35§27‘¢:‘=. . C 35147,
WIND TUNNKEL ~ ' . SAMPLE - ., DILUTION
ABSORBANCE co~c=~raA:10n AssoasA~c= CONCENTRATION. "RATIO
. . (ppm) (ppz= o
1 0.910 . 141 0.228 8 v 17.1
-2 0.895. 130 - 0.224 _ 8§ . . 16.1 -
. . 3 0.891 . 127 - .0.221 - 16.1
L. 0.88%- - 126~ Q.28 8 16.1
4 - .
' REPORT NUMBER 82
PROBE CONFIGURATION 1/8 8
VfN'TURI MANOMETER READING (II\CH‘-‘S oF UA’IER) -
T INITIAL . . FINAL
8.7 ] ‘8.7 a2
STACK GAS VELOCITY (£t/secy”
INITIAL FINAL
35.46 . 35.07 o
N WIND TUNNEL SAMPLE ‘DILUTION
. ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION RATIO
o (ppm) (ppm) .
.1 0.923 153 0.236 9 17.6
2 0.921 ., 151 - 0.237 9 17.3
3 0.919 149 0.231 8 17.7
4 0.920 150 0.267 9 16.2
. Y
. .
L 4 g s—
4

-

182

it

SAMPLE

.
Fdi

SAMPLE

. TIME

{min)
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- _ REPORT NUMBER 83 - . .o
- PROBE CONFIGURATION -/16:3« - C o
S . VENTURI MANOMETER READING (1~c5rs OF LA.ER) = .
- . -
e oes INITIAL . . FINAL i
20.5 ' - 2007 7 2
“ A . -SIACK oas VELOCITY (ft/sec)
T . TNITIAL' FINAL . .
. - e .t .7 R L
.- - 35.18 .o 34.68 - T
- WIND TUNNEL SAMPLE . DILUTION SAMPLE
“ABSORBANCE CONCENIRATION ASSORBANCE CONCENTRATIONT* RATIO TIME
e e (pprY -~ (ppm) (min) -
1 .0.879 120+ % 7 0.121 3 35.1 10
2 0.876 . 119 . 0.114 3. 37.9 - 12
3__ . 0.877 118 .0.121 3 34.8 12 -
4 0.877 116 131 a 31.2 %, el .
. _REPORT NUMBER 84 _
IR . PROBE CONFIGURATION 1/16 8
) _ ,  VENTURI MANOMETER READING (INCHES OF uarza)
T INITIAL FINAL : .
e ‘ 8.3 8.1 -
g | . -
STACK GAS VELOCITY (ft/sec)
R - INITIAL FINAL '
. 35.18 ) 34,44
WIND TUNNEL SAMPLE - DILUTION SAMPLE
ABSORBANCE . CONCENTRATION ABSORBANCE: CONCENTRATION - RATIO TIME
o (ppm) {ppm)’ (min)
- 4 ¥
1 0.945 179 0.141 -~ “ - 42.6 32 .
-2 0.948 183 0.127 4 . 50.4 34
.3 B.948 183 0.121 . 3 . 53.% 29
4 0.34E 183 0.126 4 51.0 3.,
. : A kY v -r
- - Lo e DA
. SO -
i . - " - \"‘ v
* ’ M - -
» _ » ~
o ) . .
» n - . " . . |
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REPORT NUMBER 85
PROBE CONFIGURATION 1/%6 D-
- * VENTURI MANOMETER READING. (I“QH?SiOF WATER) -

. mma FINAL -
i 10.7 - - 107 -
STACK GAS VELOCITY (£t/sec)
INITIAL FINAL .
36.76 34.35
WIND TUNNEL - SAMPLE DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION, RATIO
‘ (ppm) -~ (ppm) _
0.934 165 0.163 4 38.5
0.933 ° - 164 0,142 . . 38.6
0.933 166 . . "0.132 . & 42.7
0.933 164 C0.154 5 34.5
' ’ v ... -
REPORT NUMBER 86 - -
. PROBE CQNFTGURATION 1/16 D
. VENTUR? MANOMETER READING (INCHES OF WATER)
- INITIAL . ' FINAL
. S, 2043 " “20.4 "
] | STACK GAS VELOCITY (ft/sec) ~ D
INITIAL .~ FINAL-- oL
’ 36.16 . 34.55 , '
WIND TUNNEL T saMPLE © DILUTION.
ABSORBANCE CONCENTRATIDN ABSORBANCE couczvrnarzo~ “RATIO .
(ppm.l.-- . (ppm) -~ .
0.509 . 140 0.145 - “ 32.2
0.905 137, 0.146 & 31.2
- .0.905 137 0.147 4 30.9
- 0.906 o 138 0.154 5 © 29,1
. “' . / e
~ > ! .- .
s y . "y
N o ‘
i .
-
) A - ]

SAMPLE

TIME.
(min}

29
30
36
27

SAMPLE

i TIME

{min)

18
13
13
.25

*

w

I

-
-

4
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REPORT NUMBER . 87
"PROBE CONFIGURATION 1/8 A
VENTURI MANOMETER READING (INCHES OF UATER)
INITIAL : FINAL
20.0 " 20.2
STACK GAS VELOCITY (f:/sec)

INITIAL TINAL
63.47 54.97
WIND TONNEL SAMPLE . DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
{ppmT - (ppm)

0.881 121 0.175 5 21.3
0.290 126 0.188 8 20.2
REPORT NUMBER 87

_ PROBE CONFIGURATION1/8 A
VENTURI MANOMETER READING (INCHES OF WATER)
INITIAL FINAL
16.1 © 16,5
J—3FTACK GAS VELOCITY (ft/sec) )
" INITIAL FINAL
68.47 64.97
WIND TUNNEL SAMPLE DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
{ppm) , . (ppm)
0.895 130 0.195 7 T 1907
0.89 125 © 0.198 7 19.1

SAMPLE
TIME
(min)

30
33

SAMPLE
TIME
(min)

29
&l

o
w
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_ REPORT NUMBER 8B _ .
B A PROBE CONFIGURATION Ve A i e .
VENTURI MANOMETER a.anwc (INCHES E;;A_..R) E "-" ) '
- INITIAL o e | FINAL L
, 19.5 T v 19,507 " ‘“'* ‘
) STACK GAS VELOCITY f:)’sec) ’ o
. . - INTTIAL CUPINAL e -
69.30 _ §7.50.. T i
*7 WIND TUNNEL SAMPLE DILUTION SAMPLE
v ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO ~ TIME
_ - (ppm) (ppm) {min)
17 o.s89 ¢ 128 0.269 11 . 11.9 "30
2, .-0.888 . T128 0.269 1 - . 1. 24
L REPORT NUMBER 88 - -
~ . PROBE CONFIGURATION 1/4 A
- vr\'z'uai mmonr'rsa READING (INCHES OF WATER)
- mrrm. TINAL
: ‘16.7 : 16.9
STACK GAS, \?OCITY (ft/sec) _
TUINITIAL v FINAL S
, .89.80 ‘ §7.80 ' T -
" WIND TUNNEL ™ ' SAMPLE -~  -- . DILUTIONT SAMBLE™ ~
ABSORBANCE CONCENTRATIQN ABSORBANCE CONCENTRATION ' RATIO — TPME
. (ppm) -~ . . (ppe) {min)
1 0.892 128 ¢ -7°0.253 10 13.3 42
2 0.895 130 0.278 11 11.7 27
- ) -
ol
- - _ )/
L ) T P
o T ‘;—..{_h,-'—..-.{-\”". N -
T RN

S et ’ L.
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REPORT NLM
PROZE CONFIGURATION 1/4 3
VENTURI £R _PEADING (INCHES OF WATER)
N FINAL
207 20.1
- STACK GAS VELOCITY (£:/sec)
INITIAL - FINAL T ’
- S 88.02 v.36
R WIND TUNNEL _ SAMPLE DILUTION  SAMPLE
- ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION , RATIO TIME
(ppm) (ppm) (min)
1 0.383 122 0.245 9 13.3 34 )
2 0.864% 123 0.245 9 13.4 14
: - REPORT NUMBER 89
PRODE CONFIGURATION 1/4 B
. VENCURI MANOMETER READING (INCHES OF WATER)
s INITIAL ) FINAL i} ,
- Y, - N ~ .
1371 - 13.0
STACK GAS VELOCITY (£t/sec). -
TEMs oL INITIAL . FINAL *
- ¢ !
. $8.02 . §7.36
- \ * A -
L WIND “TUNNEL SAMPLE " DILUTION SAMPLE
7 " ABSORBANEE CONCENTRATION ABSORBANCE GONCENTRATION  RATIO TIME
vt Co (ppm) _ ’ {ppm - o mip) :
- - . e ) -
. 1., 0.895  .-.-"i30 . 0.256 . .10 13.3 36 4o
2.7 0.893 .. 129 0.261 10 .-~ 12,7 EE
. SRR PN - C VUL
x .
oy t! o . . ¢ - .
Coy . , - '
i .\ -
. . “ . »
- . . i - - » ’
| ' .
| o ’ ) ‘ . .
F - P P
R - A | ‘
Y |



REPORT NUMBER ©9C

\

PROBE CONFIGLRA"IOW 1/8 8-

.~ VENTURD MANOMETER q_AD ING (INCHES OF WALZR)
' INITIAL ; FINAL
" 20.7 . . 20.7
™ ’ STASK GA§ VELOCITY (£24sec).
INITIAL .y, L S .. FINAL L
8518 ' §u.31 T
WIND TUNNEL SAMPLE DILUTION  SAMPLE
ABSORBANCE CONCENTRATION ABSQRBANCE CONCENTRAT I0N  RATIO TIME
: “epm) . (ppd) | : (mind
1~ 0.880 120, . 0.186 6 o~ 395 30
2 0.378 119 0.194 7 8.2 31
: !
REPORT NUMBZR %0 T - ;
PROSE CONFIGURATION 1/3 B
Vr\LbRI %AhOHE—ER READING (INCHES OF HATTQ) .
. INITIAL FINAL ! .
15.1 15.3 - "
’ STACK GAS VELOCITY (ft/sec) -
INITIAL | FINAL :
§8.18 . $4.91 B
WIND TUNNEL. " - SAMPLE : DILYTION " SAMPLE
ABSORBANCE COhC“VTRA?IOﬁ ABSORBANCE CONCENTRATION .RAJIO ~  IIME
: . (Pem) - e (ppm) L ) (min)
2 0.892 128 0.203 7 8.3, . 4b
2 0.39% 131 0.210 7 7.8 32
\‘ - ‘ “y “

=
o
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- REPDRT NUMBER 91

PROBE CONFIGURATION 1/5 ¢C o .

VENTURT MANOMETER READING (INCHES OF WATER)

INITIAL FINAL .
20.0 " 2000 ?
. STACK GAS VILOCITY (f:/sec)
TNITIAL FINAL .
£9.34 ’ 67.51
WIND TUNNEL SAMPLE DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIC
\ (ppm) : (ppa) .
0.887 125 0.243 .9 13,7
0.868 125 0.246 » 3 . _13.8
» REPORT NUMBER 9I . ’
PROBE CONFIGURATION 1/8 C |
VENTURI MANOMETER READING (INCHES OF WATER)
INITIAL v FINAL - g
1743, 17.9 '
STACK 3AS VELOCITY (ft/sec) : ,
INITIAL FINAL
69.34 CoeT.ml-
. t
WIND TUNNEL SAMPLE DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
P (ppm) (ppm) ; .
0.891 - 127 0.221 8 T30
0.890 126 0.2e3 9 * 13,9
. -
] e Y]
. .
- - L
i . ' -

”

[
‘O
o

SAMPLE

TIME
{min)

SAMPLE .Y

-

[EX N
o g

CTIME .

{(mn) -
7 1_:5
-39



Lz

4
Y

REPORT NUMBER 92
=R05f COh:IGURAIIDN 1/4 C

Y

v*-mm- MANOMETER READING (INCHES o&' a.A-ER)

INITIAL _ '?:nAL
20.90 - 19.9
STACK GAS VELOCITY (£t/sec)

Lo r

" LINITIAL INAL
. T84BT . 68.15
WIND TUNNEL ° - SAMPLE
A3SORBANCE CONCENTRATION ABSORBANCE concrw-aarsz
{ppm) {ppm)
0.384 ‘fzs' 0.339 15
0.886 L1 . 0.3a 15

IhITIAL _ FINAL
T 15.7. St 16,00
STACK GAS VELOCITY (f:/sec)
< INITIAL - _ FINAL
. 68.48 _ , '63:15
s LIND TUhNEL : san LE
ABSORBANCE . conczn*nar:on Assonsancr CONCENTRATION
(ppm) (ppm).
'0.B94., - 128 0.352 16’
0.394 “ 129 0.361 . N7
»” A n..’ -

DILUTION
RATIO

L

DILUTION
RATIO

SAS°L’

'SAMPLE
 TIME
‘(min)
o 37
fo3

[ R 3
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REPORT NUMBER 93
o PROBE CONFIGURATION 1/16 D '
VENTURI MANOMETER READING (INCHES OF WATER) »
o INITIAL T FINAL .
s 20.6 . 209 .
STACK GAS VELOCITY (£t/sec) .
. z, . INITIAL FINAL
: .- - 69.66 §6.31 N
* 7 ' GIND<TUNNEL SAMPLE DILUTION SAMPLE
- _ABSORBANCE CONCENTRATION ABSOREBANCE CONCENTRATION  RATIO - TIME
v . (ppa) ) * (ppe) v {min)
1 0.858 108 0.091- 2 46.6 23
2 .@.368 113 0.097 3 44.3 64
- REPORT NUMBER 93
PROBE CONFIGURATION 1/16 D
VENTURI MANOMETER READING (ENCHES OF WATER) ’
INITIAL FINAL
17.1 , 17.0
STACK GAS VELOCITY (ft/sec)
INITIAL. Lt FINAL ™.
) _ 69.66 . . B 66.31
' _ WIND TUNNEL ° .. SAMPLE DILUTION SAMPLE
. XBSORBANCE CONCENTRATION ABSORSANCE CONCENTRATION  RATIO TIME
- ‘ . (ppm) v (pput) (min)
. | 0.881 121 0.109 3 40.8 34
2 0.879 120 .. 0.109 3 40.3% 12
& )
- - ‘ - '
- < LA -
* [
T
A [ ]
T
- Y
L 9

L)
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N 2EPORT NUMBER Sé -
FRQBE CONFIGURATION 1/8 D S
VENTURI Sm:io-q:-:':sa READING (INCHES OF WATER)
- *.
INITIAL _ ., FINAL
; <7 R 3 <
Lo 20.1 : . 20.1 . . R
' | STACK Gas VELOCITY (£z/3ec) . L
INITIAL FINAL - ’
71.27 69.80 - rala
WIND TUNSEL SAMPLE . . DIL UTION SAMPLE
ABSORBANCE CONCENTRATION " ABSORBANCE CONCENTRATION: RATIO TIME .~
' (ppa) - (pem) : {=in)
1 0.876 118 0.208 " o- o 18.3 021
o2 0.877 118 0.20% - - 7 <16k2 ¢o18y -
st : .- M
» —_— -
. o REPORT NUMBER 94~
PROBE CONFIGURATION 1/8 D - -
ey v
VE\‘I’URI Har.o'if-“rm READING- (INcafs 0'-‘ LA‘I"-'R) .
INITIAL FINAL S x
.. - 4 :
16.2 ST 6.6 - SN
STACK- GAS VELOCITY (ft/sec) .
x INITIAL . “FINAL - ) ’
B ‘ C . . LY Q
71.27 ' 69.80 - : - .
WIND TUNNEL SAMPLE »* .+ DILUTION SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME -
(ppm) ‘ (ppm)" L ] (min).
1. 0.882 a1 0.189 - e‘ o 19.2 37
¥ 0.882 121 0.2709 . 7 16.7 , 82
“ - . * -
&
.
- rd ‘l " .‘ .
- 1 ’ %
- v .

K.
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Lo  REPORT NUMBER 65 ;%
2ROBE conrzcnaa-xox 1/4 D '
) vss:gi MANOMETER a.aoi&c (:~cass OF WATER) .
I INITIAL . - "0vie. [ FINAL =
L 19 T TR v
s STACK GAS VELOCITY (£t/sec) ’
) . INITIAL . = .- FINAL J .
70.46 ‘ ‘69.1& '
WIND TUNNEL . SAMPLE DILOTION -
ABSORBANCE  CONCENTRATION ABSORSANCE' GONCENTRATION  RATIO
(ppm) ; - (ppm) g :
0.578 119 0.365 % \10 1.3 -
0.879 120 0.268 10 11.%
REPORT NUMBER 95 -
PROBE coQEIcugarzoN 1/4 D
YVENTURI MANOMETER READING (INCHES OF WATER)
INITIAL { FINAL '
16.5 y 16.6
STACK GRS—VELOGITY (ft/sec)
INITIAL *- © " rINaL i
7046 ° £ §9.18
WIND TUNNEL +sampLE DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION — RATIO
- (ppm) (ppm)
. % 0.364 123 0.273 11 11.4
" 0.884 . . 123 0.281, 11 10.9
- S
- . ‘:: .
‘ .
~ . -_‘-- )

-

SAMPLE

TIME
(min)

24
32

SAMPLE
TIME
(min)

59
a9
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REPORT NUMBER 95
PROBE CORFIGURATION 1/8 ASCD

— VENTURI MANOMETER READING (INCHES OF WATER)
‘ INITIAL . FINAL
19.8 ) 19.5 -
L . STACK GAS VELOCITY (£t/sec)
INITIAL FINAL
. 70096 . 67.81
GIND TUNNEL SAMPLE DILUTIOh . SAMPLE
ABSQRBANCE CONCENTRATION ABSORBANCE COSCENTRATION  RATIO TIME
) {ppm) . (ppm) o (min)
: T 0.872 116 0.365 a17. 6.8 15
- 2 0.867 -113 0.359 . 16 6.9 40
‘ I 2 R 4
_ REPORT NUMBER 96
PROBE CONFIGURATION 1/8 ABCD
VENTURI MANOMETER READING (INCHES OF WATER) .
INITIAL _ FINAL
10.7 _ "10.8
STACK GAS VELOCITY (ft/sec)' :
‘ INITIAL _ FINAL
2096 - en.81 )
‘WIND TUSNEL SAMPLE DILUTION - SAMPLE
. ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
(ppm) ~ {(ppm) : (min) -
1 0.886 126 0.382 @ 18 . 5.8 36
2+ 0.887 125 0.384 18 T 6.8 32

e
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REPORT NUMBER 97
PR0BS CONFIGURATION 1/4 ASCD
VENTURI MANOMETER READING (INCHES OF WATER)
INITIAL - " FINAL

18.9% : 13.9
STACK GAS VELOCITY (ft/sec)

a

_ INITIAL FINAL
’ 70.26 . 68.82" &
WIND TUNNEL SAMPLE, DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
- (ppm) N ~ (ppm) .
0.881 oo™ 0.422 21 5.6
0.879 120 0.420 21 5.8

(3

REPORT NUMBER 97
PROBE CONFIGURATION 1/4 ABCD
VENTURI MANOMETER READING (INCHES OF WATER)

- INITIAL FINAL
10.5 105
STACK GAS VELOCITY'(ft/sec)
’ 7 INITIAL? , FINAL
70.26 . 68.82 ..
WIND TUNNEL - SAMPLE . 'DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION — RATIO
, {ppm) , . (ppm) '
0.394 129 0.404 20 675,
0.895 130 0.441 23 518

SAMPLE
TIME
(min)

21
¥ 43

SANMPLE
TIME
(min)

36
28
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REPORT NUMBER 98
PROBE CONFIGURATION 1/4-A3CD

L]

VENTURI MANOMETER READING (INCHES OF WATER)

INITIAL' ' FINAL
9.1 - 15.3
TACK GAS VELOCITY (£t/sec) -
IXITIAL - . .. CFISAL
92.88 . . 83.89
WIND TUNNEL . - SAMPLE " DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
(ppa) (ppm=)
0.900 133 . 0.39 ©T 19 7.0
0.896 . 131 s 0.1l 21 < 8.4
| 0.900 133 0.415 21 6.4
0.888 125 ‘0.416 21 6.0
. REPORT NUMBER a9
T " PROBE CONFIGURATION 1/& ABCD -
VENTURI MANOMETER REA DING' (zncazs oF uArra)
INITIAL ' FINALY o
19.4 ~ o 19:1 o
STACK GAS VELOCITY (ft/sec) ©'. i,
o INITIAL . FaL
Do 92,53 | §3.62
. " WIND TUNNEL SAMPLE ' .~ DILUTION
"BSORBANCE CONCENTRATION ABSORBANCET CONCENTRATION  RATIO
(ppm) - (ppm) -
0.874 117 0.330 - 14 8.1
0.874 117 . 0.35% 36 7.2
0.873 . 116 - 0.361 17 7.0
.0

0.872 116 0.360 - 17

SAMPLE
TIME
(min)

23
20
20
38

SAMPLE
TIME
(min)
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—_— . REPORT NUMBER 100
" 2ROST CONFIGURATION 1/4-A
VENTURT MANOMETER READING (INCHES OF WATER) N

INITIAL " FINAL
i 19.8 L L. 198
STACK GAS VELOCITY (£t/sec)
INITIAL ' FINAL )
. 91.07 81.77
WIND TUNKEL SAMPLE DILUTION SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
(ppa) (ppm) . . (min)
0.899 © 133 0.290 12 11.2 55
0.8%6 , 131 0.289 12 11,1 . 30
0.89% 127 . 0.296 12 104 .38 .
0.891 127 10.289 12 19.8 25

& ¢
REPORT SUMBER 101
PROBE CONFIGURATION 1/6 B
VENTURL MANOMETER AEADING (INCHES OF WATZR)
INITIAL S FINAL
19.9 ‘ 19.8
STACK GAS VELOCITY (ft/sec)

INITIAL : * FTINAL
.931.83 . SlﬂSB
- WIKD TUNNEL . SAHPiE : DILUTION SA&PLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION RATIO TIME
(ppm) , {ppm) {min)
0.888 . 125 0.249 9 13.3 53
0.886 124 0.258 10 12.5 33
0.89%0 126 0.266 10 ‘ 12.2 bip
11.1 22

0.893 - 129 0.286 12
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REPORT NUMBER 102
PROBE CONTIGURATION 1/8 B
VENTURIZ MANOMETER READING (INCHES OF WATER)

INITIAL FINAL
20.1 . 19.1
'STACK GAS szoc--. £/sec)
INITIAL . ' FINAL
& 92.47 -, §3.96 _

. s WIND TUNNEL " SAMPLE DILUTION SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
J (ppm) {ppm) {min)

0.899 133 L0.172 6 24.0 27

0.905 137 0.189 6 21.7 - 23

04910 141 0.191 6 22.0 26
. 0.900 133 0.198 7

19.8 - 30

. REPQRT NUMBER 103 .
PROBE CONEIGURATION 1/8 D B
VENTURI MANOMETER READING (INCHES OF WATER)

INITIAL' =~ : ?INAL‘
18.8 18.6
STACK GAS VELOCITY (f:/sec)
INITIAL | . FINAL
91.68 A 83.46
WIND TUNNEL SAMPLE DILUTION SAMPLE
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO TIME
(ppm) (ppm) {min)
~
0.911 142 0.222 e 17.9 3s
"0.906 - 138 -0.239 9 15.56 32
0.910 141 0.226 8 17.3 s
0.909 140 0.244 9 -15.4 31



REPORT NUMBER 104"
i vaosa CONFIGURATION 1/4 D
i VENTURT MANOH- ER READING (Iwcars OF WATER)
~ - INITIAL FINAL
o e L18.97 R R
oL STAGK Gas VELOCITY (ft/sec)
C _ ThITIAL ' P .' =INAL .
- L 91.49 R N A
. . . WIND TUSNEL .. SAMPLE .- DTLUTION
ABSDRBANCE * " CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
(ppm) (ppm)
1 0.887 125 0.252 10 13.0
2 0.882 121 0.257 10 12.3
"3 0.583 - 122 ~ 0.258 10 12.3
A 0.880 120 0.264 10 11.7
REPORT NUMBER 105
PROBE CONFIGURATION 1/8 €
VENTURI MANOMETER READING (INCHES OF WATER)
- INITIAL L FINAL
19.2 % L1806 T
) STACK GAS VELOCITY {(ft/sec).
INITIAL T FINAL
- . . B4.7S : 78.2% - _
o . WIND TUNNEL SAMPLE DILUTION
7 ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION RATIO.
(ppm) (ppm) '
T 1 0. 900 133 0.266 SRR 12.9
: 2 0.897 . 131 0.287 - 12 11.3
3 0.897 , 131 0.278 o1 11.9
A 12.0

0.896 - 131 . 0.275 S 11

~SAMPLE

TIME

-3ﬂﬁnin)

fr35
;32
a0

P ]

o
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0.890

0.891
0.887
0.856

REPORT NUMBER 106 *

PROBE, CONFIGURATION 1/4 C
VENTURI MANOMETER READING (ISCHES OF WATER)

© INITIAL TINAL
18.3 . 17.6
STACK GAS VELOCITY (£t/see)
INITIAL FINAL
87.65 80.31
' WIND TUNNEL SAMPLE DILUTION
ABSORBANCE CONCENTRATION ABSORBANCE CONCENTRATION  RATIO
. (ppm) {ppm)
126 " 0.309 13 9.7
127 * o 0.313 13 3.6
125 0.317 14 9.2
123 0.319 14 $.0
5'\
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