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l
" !

L

arIssiany, = T e d
F""‘"'% iz, ;

' o
'cl[/p l

Nozzle Cone Outsice Straight {nlet Total Leagth
(inches) (degrees) (degrees) {iaches) (inches)
0,136 4 15 . <0.05 2.633+£0.05
0.150 4 15 €0.05 2.553+0.05
0.164 S 15 <0.05 1.970:0.05
0.180 6 15 <0.05 1.572¢0.05
0.197 6 15 <0.0S 1.421£0.05
0.215 6 15 <9.05 1.4 *0.05
0.233 6 15 <0.405 1.45 £0.05
0.264 5 15 €0.05 1.45 £0.0S
0.300 4 15 <0.05 1.48 £0.05
0.342 4 15 <g.05 1.45 *0.05
0.399 3 13 <0.09% 1.4S *0.05

Figure 2. Nozzle design specifications.
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Cyclone Interior Dimensions

Din

o

L]
jt—tr —o-{
.5'

0.10 in. 3TC ——

L~

Dcup

Din | O | De | B | H | n z S |Hewp | Dewp | D | D
cm 127 | 447 | 150 | 1.88 | 695 | 224 | 471 | 157 | 225 | 445 | 1.02-] 1.2
inches | 050 | 1.76 | 059 | 0.74 | 274 | 088 | 185 | 062 | 089 | 1.75 | 0.40 | 0.49

Dimensions ($0.02 cm, $0.01 in.)

Figure 3. Cyclone design specifications.
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Figure 7. Method 201& Analysis Sheet
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fraction for PM _determination is included, you are allowed only an eight percent failure rate of t!
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12-1-Nomenclature—Reportresults-in International System of Lnits (Sl units)-unless-the-regulatory
aE ultll'o'. by-that EStlab“SI'e.d the l'eq"'"e“'e“t to-Lse-this test-method specifies reporting-in-English-Units—The

A = Area of stack or duct at campling location, square inches
A = Area of nozzle, square feet
n
ht = Avpragp hlnrkagp factor calculated in Fqllah'nn 26 _dimensionless
B = Moaisture content of gas stream, fraction
ws

(e g 10 percent HLO is Rm =0.10)
C = Fllnningham correction factor for parrirlp diameter, np7_a_n,d_ca,LCL|la_ted_L|sin_g
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onfﬂz = Carbon Dioxide content of gas stream, percent hy volume
c, = Acetone blank concentration, mg/mg.
Cfpm;————=——Conc_of filterable PM, , gr/DSCE.
Cﬁmu;m_af_mxemble_mu,_guﬂﬂ

Cp Pitot coefficient for the combined cyclone pitot, dimensionless
Cp‘ = Coefficient for the pitot used in the preliminary traverse _dimensionless
C = Re-estimated Cunningham correction factor for particle diameter equivalent to

r

the_m_cmmummw onl

Cx:t = Conc. of total filterable PM, gr/DSCFE
CJ. = =150.3162 (micropoise)
C, = 18 0614 1mirmnni<p/K0'5)
= 13.4622 lmlrrnnmcp/R 5)
C}. = 1.19183 x 1ﬂ {m1rrnnn1cp/K )
= 3.86153 x 10 (mirmpnicp/R )
CA = 0.591123 (micropaoise)
C:; = 91.9723 (micropoise)
C, = 4.91705 x 10" (micropoise/K )
= 1.51761 x 10" (micropoise/R))
D = Inner diameter of sampling nozzle mounted on Cyclone | inches
Dp = Dhyciral 'r_mrh'rln size,micrometers
Dsu = Particle cut diameter micrometers
DSO-_l = Re-calculated particle cut diameters based on re-estimated C 7_m_1_q:o;:p,e_tecs,

for cyclone IV,_micrometers.
" _ D, value f lone IV calculated during the Nth iterati .
D, =D value for cyclone IV calculated during the N+1 iterative step, micrometers.
DSU.L

= Fyrlnnp | cut diameter rnrrpcpnnding to the middle of the nvprlap zone shown

in Ei ) of Section 17. mi

= Percent isokinetic cnmpling’ dimensiaonless

= 85.49 ((ff/cpr)/(pmmdc/mnlp -OR))

= Mass_of residue of acetone after pvapnmh’nn, mg

= Moalecular wm'ghf of dr\l/ gas, pnlmr‘lc/pmlnd mole

= Milligmm

/1 = Milligram per liter

= Moalecular wm'ghf of wet gas, pnllndc/pnlmr‘l mole

= Milligmmc of PM collected on the filrpr, less than or pqlml to 2.5 micrometers

= Milligmmc of PM_recaovered from Container #2 (arpfnnp blank rnrrprfpd),

M = Milligmmc of PM _recaovered from Container #3 (acetone blank rnrrnrfpr‘l), less

M = Milligramc of PM recovered from Container #4 (acetone blank rnrrprfpd), less

N = Number of iterative steps or total traverse pm’nfc
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Nr;e = Reynolds number,_dimensionless
%0, .. = :

1o
l

Barometric pressure; inches Hg

= Absolute stack gas pressure, inches Hg

= Qampling rate for ryrlnnp | to_achieve cpprifipd DSD_

= Drv gas sampling rate through the sampling assembly. DSCEM
PAR=d L =] =] L p=J PAR4

= Qampling rate for ryrlnnp | to_achieve cpprifipd DSD_

= Nozzle/stack vplnrify ratio parameter, dimensionless

= Nozzle/stack vplnrify ratio parameter, dimensionless

= Meter box and orifice gas temperature, OR

= Sampling time at point n. min
g S g y

= Total prnjpr‘fpd run time_min

= Absolute stack gas temperature, OR

= Sampling time at point 1. min
™ = ™ Y

] ) locity calculated from Equations 18 or 19, f

= Minimum gas vplnrify calculated from Fqnarinnc 16 or 17, ft/sec

= Q:-\mplp gas vplnrify inthe nn77|¢=, ft/sec

= Vplnrify of stack gas, ft/sec

= Volume of acetone blank, ml

= Volume of acetone used in camplp recovery wach, ml

= Quantity of water captured in impingers and silica gel _ml
_ 7 L Lud k=J =] T

= Dry gas meter volume camplpd, ACFE

= Dry gas meter volume camplpd, corrected to standard conditions DSCF

= Volume of water vapor, SCE

= Volume of aliqlmf taken for IC analycic} ml

= Volume of impingpr contents camplp, ml

ﬁﬁKUKEKEKEKhKEKNKMK K EK EK S oH "HDHBH E@Emioéovpmm

= Wpighf of blank residue in acetone used to recover camplpg mg

= Ratio between estimated ryrlnnp AV meengmles&

= Meter box arifice pressure dmp, inches W.C

N

Eﬁ

= Pressure drnp across_orifice at flow rate of Q.75 SCEM _at standard rnn(‘lirinnc’

£ fﬁ EET

= Qbserved vplnrify pressure ||<ing Q-fypp pirnr tube in prpliminary traverse,

Avpragp vplnrify pressure, inches W.C

']
&
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_ ) - laci inches W.C

= Vplnrify pressure measured at pm’nf n dllring the test run, inches W.C

3

= Vplnrify pressure calculated in Fqllah’nn 25 inches W.C

Vplnrify pressure adjllcfpd for combined ryr’lnnp pifnf fllhp, inches W.C

= Vplnrify pressure corrected for hlnrkagp’ inches W.C

EEEES

= Vplnrify pressure measured at pm’nf 1, inches W.C

&~
3
|

I')ry gas meter gamma V2|IIP, dimensionless

Gas vicrncify, mirrnpnicp

F
2] = Total run time, min

P =—Density of acetone, mg/ml (see label on bottle).

12.0 = Constant calculated as 60 percent of 20.5 square inch cross-sectional area of
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Mg =0.44(% CO,) +0.32(% 0,) + 0.28 (100 - % O, - % CO,) (Eq-—1)

lecular Weight of Wet Gas._Calculate the molecular weisht of &} basis Ui

Equation 2.
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Mw Md (1 - Bws) + 18 (Bws) (Fq 7)

Gas S Viscositv. Calculate tl iscosity_using Equation. 3. Thi .
constants for gas temperatures in OR.

n= C +C2\/?S+C3 T;2+C4 (% OZ,wet)'CS Buws + Cs Bus Ts2 (Fq ?)

. i !

0.5
C=1+0.0057193 { H M T, }

Ps DSO

| Limit Cut Di for Cucl for L I , ,
i< calculated for a2 25 mi i il

0.1993
Dsowr. = 9.507 ¢ {—MW PS} (EG-5)
Ts
CLut D for Cycl Lf iddle of the Overlan 7
_ (11 + D)
Dsor = | =7 (Eq. 6)
2 Aol |
Sampling Rate Using Both PM, -and PM, . Cyclones.
T 0.2949 1 1.4102
Q,=Q,=0.07296 (M){ > } {D } (Eq-7)
w s 50T
S ling Rate Uising Only PM__ Cycl
Eor Nyo Less than 3,162
Qry = 0.060639 o-azaz T D_50 (Eq.-8)
For Ny greater than or equal to 3,162:
5 PSMW -0.3795 1 1.241
_ Qw =0.007657 (0-6205 T, D_so (Eq-9)

Reynolds Number.
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Nre:8.64x105{—PSMWH%} 10,
Meter Box Orifice
Q. (1-B.) P. | [1.083 T Ma AHe
AH= (Ea.11)
Ts Pbar A

| Limit Cut Di ) .

0.0600
DSOLL=10.0959c0-44“°{%} Eq-12)
-and-blockage using
Equations 25 26 _and 27
Ts
s=Kp G (A a
\% p p( ( P))avg[ PSMW} (Eq13)
0.5
3.056 Q,
D:{—} (Eq-14)
Vs
Velacityof Gas in Nozz
Q
60 ™2
Vi = > (Eq15)
Ax s
- lozzle/Stack Velocity Ratio P
0.5
2 0.5
Rmn:[0.2457+(0.3072—0 W Q) J ] Eq16)
e
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0.2603 (W) Q)" )
Rupax = 0.4457 +| 0.5690 + " - (Eq.17)
Vn
Mini Gas Velocity for R_| han 0.5
Vmin = Vn (05) (Fq 18)
Vmin = Vn Rmnin (Eq-19)
Maximum Gas Velocity for R Less than 1.5,
Vmax — Vn Rmnax (Eq.20)
Maximum Gas Velocity for R Greater than or Equal to 1.5,
Vinax = va (1.5) (Eq.21)
- Velocity P
2
4 | Ps M '
Ap_. =1.3686x107" { > W} o (Eq22)
Ts Cp
. Velocity P
2
4 |Ps M
Apmax = 1.3686x10" |: : W:| e (Eq-23)
Ts Cp

.S I .I: ILTi Each Poi st | ber of : v I

preliminary velocity traverse data.
Cp\/rpn |:tr }

Clp(\/A pl)avg N¢

liusted Velocity B

th =
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2
Cop
Ap =Apy|— (Eq.25)
Cp A |
22.0
br = (Eq. 26)
A A} |
2
1
Aps, = Aps (Eq.27)
(1 = Dbg)
N Gas Volume Sampled at Standard Conditi
(P A H
[ 528}[}/V] 13,6 )
= 129.92 " . =4
camole Elow B tandard Conditi
Vs
Qsst = 0 (Eq-29)
Vws = 0.04707 v, (Eq-30)
_ Vws
Buws = (Eq.31)
VmS + VWS
29.92 1 T,
= —= (Eq.32)
528 T (1 - B, |Ps =4
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measured during the test run.

0.2091 0.7091
T
Dsg = 0.15625 |:—S:| 1 .

MW PS QS A | 7

Particle Cut Diameter for N _Less than 3,162 for Cyclone IV. C must be recalculated using the
actual test run data and a D, for 2.5 micrometer diameter particle size.

1.1791 1705 0.6790
Dso = 0.0024302 {i} [—} { Lo } (Eq-34)

Qs

Particle Cut Diameter for N _Greater than or Equal to 3162 for Cyclone IV C must be

0.8058 0.5 0.3058

u 1 Ts

Dsg = 0.019723 | — - .
QS C PS MW 5

(N ) value and select the appropriate D from Equation 33 or 34 (or Equation 37 or 38 if reiterating).

0.5
c, =1+ 0.0057193{ H } [T_} o
Ps DSO MW A S | 7

Re-calculated Particle Cut Diameter for N Less than 3,162

1.1791 1 0.5 0.6790
Dso-; = 0.0024302 ﬁ |:_:| { Ts :|
QS Cr Ps Mw

(Eq. 37)
0.8058 1705 0.3058
T
_ Dso = 0.019723 | & {_} { 5 } -
QS CI Ps MW
Ratio (Z) Between D, and D, Values.
Dso-1
‘T (Eq.39)

Dso
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riteria for 7 Val I ber of iterati : by N

D
0.99 <|z=|—2_| |<1.01 (Eq.40)
Dsoy + 1
E lsokinetic Sampli
100 Ty Vas 29.92
= (Ea. 41)
60 vo € A, P, (1 - B,.) 528 T
Acetone Blank Concentration.
Ma
Ca =
(Eq._42)
Va pa Al |
Blank C ion Wed
Mz,3,4) = Wiz,3,0 7 Was 5, (Eq.43)
Acetone Blank Weight.
Wa = Co Vau Py (Eq-44)
- . f Total Filterable P
7000 Mp + My + M3 + My
Cee = (Eq._45)
453,592 Vins e
Concentration of Filterable PM, .
- 7000 M1 + M3 + Mg
fPM10 = (Eq._46)
o 453,592 Vins =4
- . { Filterable PM, _.
c 7000 Mp + My
2.5 = (Eq._47)
M2 1453,592) e Ea
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16 References
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successfully.
Table 1. Tvpical PM C trati
Cancentration and
Total collectable particulate 0.015 gr/DSCE
Less than or equal to 10 and greater than 2.5 | 40% of total collectable PM
|_micrometers
| £2.5 micrometers 20% of total collectable PM

D, for PM, . cyclone and N less
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Moisture content of gas stream (B )

Sampling rate (Q)
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Temperature
Sensor

PM-10 Sizer

/ Filter Holder
Heated Probe

PM-2.5 Sizer = >
Nozzle

Vacuum
Line

Type S Pitot Tube —~ ! J
Distiled  Empty Silica

Manometer Gel

Gas Exit Orifice

Air-Tight

Pump
Manometer

- ,-and PM, _Sampling Train
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,o-Cyclone
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I — =0
* M

Nozzle Internal Cone Qutside Taper, | Straight Inlet length | Total length L
Diameter, d Angle, 8 ® (degrees) (inches) {inches)
(inches) (degrees)

3 15 <005 1.45£0.05

2 15 <005 1.45£0.05

1 15 <005 1.45£0.05

1 15 <005 1.45£0.05

1 15 <005 1.45£0.05

Q 15 <005 1.45£0.05

i 1A Nozzle Design for PM_, Cyclone (Higher Stack Flow)
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0.200nch 1D e s e e e e e e e e e 0

Nozzle diameter d Cone Qutside Internal Taper length |
{inches) Angle, 8 taper_( (degrees) {inches)
(degrees)
5 15 0.093
5 15 0.194
5 15 0.304
5 15 0.422
5 15 0.549
5 15 0.688

Figure 4B. Nozzle Design for PM, . Cyclone (Lower Stack Flow)
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3794 211
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3794 211
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MINIMUM NUMBER OF TRAVERSE POINTS

0.5 1.0 15 2.0 2.5
50 I I |
* HIGHER NUMBER IS | DISTURBANCE
20 - FOR RECTANGULAR STACKS
OR DUCTS | MEASUREMENT
T SITE
30 [
QURBANCE
201 Ny
12 points
10 | 8 or 9” points
0 | | | | | | |
2 3 4 5 6 7 8 9 10

DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A)

DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE B)
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Blockage, %

21
20
19
18
17
16
15
14
13
12
1
10

O a4 N W » o N

Stack Blockage with Pitot

|\
|
|
|
\ \ PMyo + PMzs
o\
o\
o\
o\
PM2s \ \
\ AN
N\
\ AN
\ \ 6% Blockage
\ \ Criteria
AN AN
\ \ 3% Blockage

N S~ Criteria

0.0

10.0 20.0 30.0 40.0 50.0 60.0

Duct or Stack Diameter, Inches

Fieure 8 Gas Flow Blackage hy the Samnling Heads with the Pitat Tul




Blockage, %

Stack Blockage without Pitot
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21

20

19

18

17

16

15

14

13

12

11

10

6% Blockage

Criteria

3% Blockage

Criteria

O 4O N W 01O N 0O ©

o
o

10.0 20.0 30.0 40.0

Duct or Stack Diameter, Inches

Fieure 9 Gas Flow Blockage by the Sampling Heads without the Pitot Tul
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1.3 ; ; ; ; 1 |
12 F-----—-- P e . e 7: ——————— T: ————— Raal
L ‘Sampling Rate Must be Between | | L . o
.

| | _the Cyclone I 11.0 Micrometer Cut Size Line
(Two solid lines)

Cyclone IV 2.25 Micrometer Cut Size Line and j:

Sampling Rate, ACFM

Based on 20% O2, ~
0% CO2, and 2% H20

500 600 700
Gas Temperature, F
Ei Q2 ble S ling R for Combined Cycl Head

" Alternative Approved Methods listed on US EPA Emission Measurement Center Website
http://www epa.gov/ttn/emc/tmethods. html




