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Abstract

This research studies the amount of PM 2.5 generated by electric smoking and simulate
the distribution of PM 2.5 through simulation program by presenting in a mathematical model
designed to show the air flow and distribution of PM 2.5 from electric cigarettes. In addition,
this research also studies the substance in the electric cigarette smoke in order to see how
the distribution sequence is over a period of time in a confined area that researcher created.
To find the amount of PM 2.5, the researchers used a PM 2.5 dust meter. Xiaomi Smart Mi PM
2.5 Monitor model and HCHO TVOC PM 1.0 PM 10 Formaldehyde detector for testing and use
some values from the published research to create the model due to the characteristics of A
substance that researchers cannot be measured. The simulation procedure is to study the
computational flow technique (Computational Fluid Dynamics, CFD) by using Ansys program
to simulate the air flow field first and then change to the PM 2.5 value from the electric
cigarette with effect. The research presents an air pollution model. The distribution pattern of
PM 2.5 dust in an uncertain pattern varies with time. And found that the distribution of
substances in e-cigarettes with a size of 2.5 microns, which are substances that can affect the
body are Propylene Glycol (PG), Nicotine and Glycerol in proportion by volume (Volume
fraction), which makes people or Individuals who are close to electric smokers are careful

about the pollution caused by electric cigarettes.
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Table 1

Input data from four runs veing one EVP as deseribed in the test.

Run number © Aprrosol release Ventilabon leval (ACIE)
1 7 puffs DLEE
2 7 pufis E.El
3 15 poffs E.EZ
4 15 pufis E.ED

ACH, air change per hour. Micotine concentration was 1_.8% of EVPs e-liquid

{w/wl (Rostami et al., 20161,

* Bun numbers are different from Czogala ec al. (20147,

M15NT 1 uansdoya 4 Y nM3ldunatni

Table 2

Coefficients of BEg. (12) for four compounds.
Comprund Ay I G oy E,
PG Gl 205 — 6958 =358 100 =1 381 9 A7E- (ks
Water 25 8605 —3152.2 — 73037 2A42E.0D 1.81E-h&
Glyperol —G2.7525% —T55H.5 pof s —0.05154 2 I8E-05
Micotine 43745 — 4529 —11.561 o 0

G, propylane glycol

AN 2 duUseansluaunsy 12 dnsuans 4vdn

Table 3

Constants of Eg. {13a) for three compounds.
Compound G Tc (K] n
PG EOT G265 0.F55
Water 52053 G713 0.%21
Glyoeml 104.153 723 0301

PG, propylene glyool

AN 3 ANASTILUALNNST 133 VBIENT 3 TUA
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% =Sh =20+ 0.6Recli£ ISkl (6)
i
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Table 4
Comparison of experimental results with simulation predictions {distributed and well-mixed models).

Run Experiment and simulation resulis of nicotine comcentration
Exposure level  Ventilabion rate  Expsriment Well mixed Distributed medel Distributed mods=l Distriboted model Distributed medel
[# of pufE} [ACETy resabts * [pg/m®]  model results rocm average [pgs average at Pla [pg/ averageal P1-b [pzd  average at Pl [pg/

Tpgtml" m] m’] m’] m]

1 7 CLEE 113 107 179 171 1.91 175

2z 7 6.E1 252 200 262 as1 344 2E1

3 15 3] 245 426 559 5.34 T1E 616

4 15 G.ED 415 425 a76 611 6.33 559

Average 156 151 xo4 3492 .77 418

ACH, air change per hour.
* Experimental results reported in Czogala et al. (2014)
* Modeling results from (Rostami et al, 2016).
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Experimental and Simulation Comparison of Micotine Concentration

-

§ Expsrimant Essulin

= Dimwibuned ddoadel Romm dug S

= Digtributed Model Awg. a1 P1

L]

)

e

Nicotine Mass Concentration |pg/fm*3]
-

"

P 1 mun 2 Aur 2 LT
ExpErimental and Simulation Rufs

Fig. 2. Comparison of experimental data from Czogala et al. (2004) with modeling results.
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Air inlet Vent e
= —
g |
Aerosol Source ,'
|
|
= |
Outlet Vent S
~_— i | e
Flow Time = 0.0 [ min ] Flow Time = 0.5 [ min ]
Nicotine S N |
Concentration |~ -
|
10.0 '
l
l
8.0 [
<‘-\
- 6.0 (S T 3N
‘ Flow Time = 1.5 [ min ]
4.0 D=\
R Ay
.--/ |
2.0 , |
|
|
l .'
0 <L O |
NG B g
ug/m? : e AT ||
(e) 1= X[
Flow Time = 2.0 [ min | Flow Time = 4,0 [ min )

(g) 7%"‘\, N a7

v )P 4
Flow Time = 10.0 [ min ] Flow Time

N 20.0 [min]

Fig. 3. Room distribution of nicotine concentration at different times (puffing was conducted for the first 1.5min, Le. 7 puffs with 10s between puffs).
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5
£ 0.0 Fan direction
S reversed
% o0 \/\
Z= 0.0
0.0 10.0 20.0 30.0 40.0 50.0 &0.0
Time [ min ]
— 60.0
E h]
‘Q 50.0 —P1-b Avg. Nicotine (
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5 30.0
o
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reversed

—y
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Fig. 4. Example demonstrating effects of circulation fan direction on room average and sampling point nicotine concentration.
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2.7 ANUFURUSNN9QUUNAAENS

[ |

aun1s (7) Ustdrduluana (x) vesdiuusenausiaziidiunumdfgsesniinisanglau
WI@NRIPYNA TUVUENENTINITTHNLLALNITAIVLUUYBIBIAUTENB UL BIAUTENOUVDIATHA
avvlialuoynadsuly diuluavesdiulsenau |, x WwReivdmuialuoynia y, auduius

LA AUNUSYDINTHAL:

E
= 80
= ~—RUN-1: 9.86 ACH

7.0
4 ——RUN-2: 6.81 ACH

6.0
§ 5.0
o
()
5 40
3 3.0
v
’56 2.0
2
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0.0

50.0 60.0 70.0 80.0 90.0 100.0 110.0 120.0
Time [ min ]

Fig. 5. Effects of ventilation rate on room averaged nicotine vapor concentration.

JUN 5 HansenureenIsszUIgeIMAfeauiituresiilafunsluiomaaes

Fig. 6. Mesh of car cabin with closed windows.

JUN1 6 Mesh vawiedlasansnislusnsudiiieUnnszan



15

uni 3

ABanliunsuazynaunsalnaanaai 19 uUTIaa9uasEu PM 2.5

INATUYNI T

3.1 mslddayadunaaainaiuuinass

v -

3elddeyadunman Czogala et al. (2014) lumsdnasauagiUSsuliigunadnsivtoyad

Y 9 Y
gnanunluuds {37eldmT oeguuns lwrluniswde wasdaesaiuunsluiesdinioy
Tusgninanisnaasy aduuni gnuasenisaslunewi unaaouuasztiua191nLAs 037n
& " a 1 ! a a s 1 2 (Y
FRLLALTALUIAUAIASY LaZUaBUANIUNITAUINTINAGDY S3821a198IN1T ez UINAT InU 4.2
a < a aa o v U = q:’; N ' U PUNPN ,;%’ =i
Turuag 70 9a88n5 A ua1d U lagld g wAEUN 8 A7 LN LT ULATAARIIUAIT
Lardariunisdsuaniunisunismaass ynsiianiniseaes dszduillafuasssedu (1.1%
wag 1.8-1.9%) gnuruntdluntsneaes lagldnisidawaauii esyuigeinia lae-

nMInedeUIERUNsIEUIEaINAoeniluauanaziiuAIUSInarY PM 2.5 TushaTuyms

Toyadinnsnadeudaselagldynilvi 1 & (EC2) 91 Czogala et al. (2014) gty
d115UN19M599@8ULUVTIa09989¢ T8 aanaadl bnadgniinualiidwieuly veuwus
& = o v a & A v ! a A a
ANUSITIALINAINRTIaNUAE DN ALAE UYL WwdIuNIaves PG, ndweses, Hlaku
waglawigneiwin laglduiasiuvesunazduUsenaufl Uaaeeonu1antAT 03 uyms

(57U1AVBIUINNAIILTUAIE)

3.2 YAQUNIAILALLATENIN

3.2.1 Digital Formaldehyde

-d: den

- AT - HCHO TVOC wuu@y, PM 1/ 2.5/10
- HCHO v9@0u%39 : 0 ~ 1.999 Hg/m’

- PM1/2.5/10 @@aua3d : 0 ~ 999 Hg/m>

- TVOC %19@@u%3d : 0 ~ 9.999 Pg/m?
'g‘dﬁ 7 Digital Formaldehyde

- urasanelyl - wusmesaLEea/1200 mAh



- BuUNA : 5.0 V/300 mA
~fwnin - 185 ¢
- 1A : 150 x 70.8 x 43.6 mm

3.2.2 Xiaomi Smart Mi PM 2.5

- @

AND

aJe

@ : ABS
- IWU@ﬂﬁﬂﬂugsU@\‘iﬂl’]@'m']ﬂ

- A0 @nnuzh (0<75 pe/m?)

;%

- @du anuzUunans (76<150 pe/m?)

- Aups @nuzie (>150 Jg/m?)

- NAABUYN : 0 ~ 600 Jhg/m?

- uuAmed Liion Tus wu1mAmg 950 mAh
- WOIMY15A Micro USB

- Voltage : DC 5V, 1A

- Aaelw : 3w

- PU1A ;90 X 65 x 20 mm

-dmwmidn: 75 ¢

16

SU# 8 Xiaomi Smart Mi PM 2.5
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3.3 Geometry
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Click an object. Double-click to select an edge loop. Triple-click to select a solid

U0
z -

'
v o

JUT 11 #ead1883U89n15NAReRaSAaL Y 0]

3.4 Mesh

o < 1 o @ o a a 1 a Ao
Meshing L ud1Wd1AYI0IN T8 UIUNIITNA0INTAINTTUN WU FUNTBIUIAdin T T AL
v v ¥ I3 & ' a v | o P '
Fugou Tinarudussausznovings Nanunsaldiduauszanauuulissidesweaslamuvuinlvg
Tnedsdlmnuazidenuinwinlug luwadeianuidugunwingy waeaagldinanlunisdiassuiumniy

Tuane

13INUIINTAIALATNA LS lLazI s N EINTULULAATOUTT ASHUTWIIMIAT mesh #19¢)

7 numsAuar R ldmiuiuguassindanniy Sensaliuasulddmeludae
3.4.1 Mesh Default
3.4.2 Mesh Sizing
3.4.3 Mesh Quality
3.4.4 Mesh Inflation

3.4.5 Mesh Statistics
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Mesh Metric Element Quality ANSYS
Min 0.28813 Py
Max 0.99874
Average 0.83375
Standard Deviation 5.6132e-002

\\\\\

Default (2.59812-003 m)

Standard

0.040¢rm)

Export Preview Surface Mesh | No

Sizing

=) Quality

Check Mesh Quality Yes, Errors

Target Skewness Default (0.500000)

smoothing Medium

Mesh Metric Element Quality

Min 028813

Max 0.99674

083375

9,6132e-002

Nane

Smooth Transition

0272

z

Element Metrics &

JUT 12 mesh 3INMIAsAIAUANTUAY

TngauNsnasuIeIsNsAun1shanamaluil
3.4.1 Mesh Default

aa13005uIEAIR1a o lanusuauaad

ORI~ AN\ W ]

Physics Preference CFD
Solver Preference Fluent
Element Crder Linear

| Element Size 6.0 cm
Export Format Standard
Export Preview Surface Mesh | No

gﬂﬁ 13 A998 9 Tu Mesh Default

A195UNBHN4 9 Tu Mesh Defaults

Physics Preference - Aienisidenviinvesnisinass luiillideniduiuu CFD

- Solver Preference - Ronsifongukuutasnisitaes luiitidonduuuy Fluent

- Element Order - wd@aniduwuy Linear

- Element Size — Aonsimuavuinwes Element Tuiidimvuswundu 6.0 cm 1ilosannd
yu1Awes Element 1Enndnd avldnanlunisAuiadeudisuiy fawuinves Element 7
Bonufissnonenadnsisenisuan

- Export Format- i@enfutuu Standard
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- Export Preview Surface Mesh- 1dan No
3.4.2 Mesh Sizing

Mesh sizing Ao Yw1ALDY mesh saulUae JUT19 wazvouyusne Mlesledunivne

MINANWUEYBY mesh Wag Geometry 7t51vT1889 lngdlAsnemuguauansil

Details of "Mesh"

+ | Defaults L)

Elsang

Use Adaptive Sizing Mo

|1 | Growth Rate | Default [1.2)

™ - . W
Max Size Default (12...|

Mesh Defeaturing | Vs '

|| | Defeature Size | Default (3.,

| Capture Curvature :?es
Curvature Min Size | Default [B.... |

Ii —(_:u anu_ré f\lo ?mal ;ﬁ.ﬁ_gE | Default (1 E

Capture Proximity |-N::u {
Equ_ndlrjgﬁo?{ Dlagnn_al " 64.}1_'.-'5 cm
Average Surface Area (46541 em® |
" sm g VI L. eSS =
Finimum Edge Length EISE? m

SUTl 14 nsdaen Mesh Sizing

[

15181150088 WaazAluduves Sizing lasadl

~ Growth Rate e hs1nsiiiulaves mesh (danisud)

- Max size fip Yungeanves element fiansnsnvensldmeluuinmsues mesh

- Mesh Defeaturing e faasnildlulusunsy Ansys Workbench @slddwsu Geometry 73
AN UTDU

- Capture Curvature Av N13nTI9TuALLASIY mesh

- Curvature Min Size fio vuaanulasdngs Tu mesh

- Curvature Normal Angle fia yalAsUn@vad mesh (deSud)

- Capture Proximity fie 1JuOption nilslulusunsu Workbench d1609n15 $1aes Tiiden
Activate a9 No

- Bounding Box Diagonal fi® AMu813Ldunuesyuly Bounding Box 7 fianuduwug fu
Boundary Conditions (l4f@n3udu)

- Average Surface Area As vuIaNURAsIDINUNY (FA150s)

- Minimum Edge Length @® mmafmauﬁﬂth mesh
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a L. v | a v A v 1 ° i
A19t89N mesh sizing W@QINL@@ qulmsﬁmquﬂqlﬁﬂmu L‘U'EN‘U']ﬂﬂJUNNalmﬂJqﬂi‘Uﬂqiﬂqa@Q LU

va o

WIduvzldluas detail Tudiuves mesh quality unu
3.4.3 Mesh Quality

AonsUTuUABuRN A8l mesh Feanunsauiueulaniuguiuansil

:
—|| Quality
Check Mesh Quality Yes, Errars
Target Skewness Default (0.900...
ISmcn_c-thing Jﬂgdiul
| Mesh Metric Mone
+| Inflation \\ [/ N
¥ Assembly Meshing b
.L.EduanEed‘ N\ g - N
) Statistics =y -

SUl 15 n1adadn Mesh Quality

A95U18AEe 9 Tu Mesh Quality

- Check Mesh Quality R N1IMTIVAUNINYDY mesh (Yes, Errors Ao Lﬂﬂi%’awul,ﬁawadauﬁ
ARmana ¥y Errors)

~ Target Skewness Ao nsidensuntsfiiilu mesh (lddald)

- Smoothing fie mtazidaavestuiy 8y Medium tewndld High Funuaglding
TunsAuIAB LTI UIL)

- Mesh Metric fia wunsnglu mesh (@on None)
3.4.4 Mesh Inflation

A9 NN58NLFIVBT mesh el element 19TUTI91ABIBANTIUIU element b9 9817910

TaldaAwindesas udlar1 mesh quality NpeaunsIz3UsIIMesh o19vhlviAwINEINTulag

'
1 a

fiAnen99 Manusausuasu inflation wandlannuguamuansd



ShEsm e ]

Program Contr..

Use Automatic Inflation

Inflation Cption

Smooth Transi..

Transition Ratio 0.1
Faximum Layers 10
Growth Rate 1.2
Inflation Algorithm Pre
View Advanced Options Mo

gﬂﬁ 16 A1619 9 Tu Mesh Inflation

AR89 Tu Inflation
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- Use Automatic Inflation Aa n1svinlwlusunsuue1s mesh laudnlud® (den Program

Control)

- Inflation Option A® N1stABNTULUUNITVEI8AIY89 mesh (lugUidanuwuy Smooth

transition)

- Transition Ratio A8 dadlrueinisasundainisvenesvad mesh (14 0.1)

- Maximum Layers @g ai’wmu%’uqﬂqmsuaﬂmi Inflation (1% 10 )

- Growth Rate fia 9ns1n15tAUlpve9n1s Inflation (14 1.2)

- Inflation Algorithm g YARNHIN1591191UVBIN1T Inflation Fedllilaendn a1y Pre(fiow)

938 Post(1184)

- View advance options fia n1sldaldentuas (Fen No)

- Tuguves 3.4.5 Assembly Meshing waz 3.4.6 Advanced

- levsduradusunsuiasvetiuluyadsludiuues Statistics

3.4.5 Mesh statics

Junisuendiuau Node wag Element Tu mesh 28331 Fadlardsuandlugusinuansi

+ | Assembly Meshing

+| Advanced .
-
Modes 92950
Elements 490740

'gﬂﬁ 17 971U Node kaz Element Tu Mesh Statistics
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1NN5NAFB95UIUTHATY 31UIUElement 71519 Aaedianluliy 512,000 cells F991u7U

Element agiuTUANNAINUALLDEAUDY Element Size (3.4.1 19 6 cm) F937117U Element 9894573

U 490,740 cells

Feogluyreilila

Fesh Metric Element Quality ANSYS
. 2020 R1
min 0.28813 ACADEMIC
fax 0.99874
Average 0.83242
Standard Deviation 9.6806e-002
=/ Display ~
Display Style [Use Geometry setting
=) Defautts
Physics Preference o
Solver preterence Fluent
Element Order Lingar 0.010 0.0:0
Element Size Default (2.5981e-003 m)
Export Format Standard Mesh Metrics v ix
Export Preview Surface Mesh |No
sizing Controls. ol
1= Quality
Check Mesh Guality Ves, Erors
Target Skewness Defautt (0306000]
Smosthing Medium
5 625100
Mesh Metric Element Quality £
Min 0.28813 H
Max 0.99874 = 4000
Average 0.83242 5 3000,
Stondord Devistion|3.6906e-002 3
E 1000.00
Program Contralled = —
Smooth Transition 029 0.50
‘3'272 . Element Metrics v

gﬂﬁ 18 mesh 91NN15k inflation

PN [l Aad A COAS a = a ' 1 [ 1%
LINADILNUVUIN IUﬁ’JUVllIW‘L!Vm’]ﬂLLﬂBL‘UUﬁmaﬁJN FIIIANINLVILANIIUIU element lﬂLLaB

avhinsznuguTannuandlaan mesh quality teenitwuuldansudu

Mesh Metric Element Quality 2020 R1
Min 0.23771 AERREE
Max 0.99793
Average 0.82353
Standard Deviation 0.1007

Export Preview Surtace Mesh | No A

|/siaing
Use Adaptive Sizing Ho
Growth Rate Default (1.2)
Default (5.1962e-00...
Yes
Default (1.299¢-005 ..,
HNo
o Mesh Metrics
519626002 m
Ge004m® Controls | g
2e0m3m
[¥es, Erors
| Defautt (0.500000) 2 1500.00 .
H ;

£ o000
oz H

e o995 [ R SN SR SR SR MR B S .

Average 02353 H

Standard Devistion | 0.1007 Zom — [ |

1 Inflation 0.24 030 040 050 0.60 070 0.80 090 1.00
Use Automatic Inflation ‘Prwgram Controlled Eement Metrics L)
Inflation Option [Smocth Transition | ¥

JUN 19 mesh 3MNMsaeafisun

15180 LYUIAYDY mesh defeaturing 910 1.299x10° 1 1.8x10° Fsdnwindiulas v3e
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Mesh Metric Element Quality ANSYS
. 2020 R1
Min 0.28813 T
Max 0.99874
Average 0.83242
Standard Deviation 9.6806e-002
Details of "Mesh" = = i e coecw B OX
I=| sizing A
Use Adaptive Sizing No

Growth Rate Default (1.2)

Default (5.1962¢-003 m)
Yes
Tse00sm 0,000 0035 0050 ()

Yes 0.013 0.038
Default (2.59812-005 m)

e |Defautt (1809 Mesh Metrics ~iox
No
51962¢-002m Controls | A~
6.c004m’
Minimum Edge Length | 2.e:003m
= Quaiity ——Te
Check Mesh Guality ves, Errors 2 25100
Target Skewness Defaut (0.900000] £
Smoathing Megium H
& 400000
Mesh Metric Element Quaiity H
Min 0.28813 3 200000
ax 0.99874 2 ; [
H i
e o242 200 . = =
andard Deviation 5,6806¢-002 029 040 050 060 070 050 050 1.00
i . Element Metrics e
'
U7 20 h 1% h defeaturi
3 S

3.5.1 Setup N1SATUIU

s uUsenuaazansoanilu phase Ingld multiphase model. 15199AINNTATLIUAS 9 AL
uiddeAasly Pressure-Velocity Coupling scheme Luu Simple, 14 spatial discretization Ly
PRESTO, 14 momentum, turbulent kinetic energy, turbulent dissipation rate LWUu second order

upwind, gradient 19LUU Green-Gauss node-based wag Transient formulation Tgwuu first order

implicit
Solution Methods @)
P Velocity Coupling
Scheme
SIMPLE bt

Spatial Discretization
Gradient
|| Green-Gauss Node Based
| Pressure
FRESTO!
Momentum
Second Order Upwind
Volume Fraction
First Order Upwind

Turbulent Kinetic Energy
Second Order Upwind b

Turhulent Nissination Rate .
Transient Formulation
First Order Implicit v

Mon-Iterative Time Advancement

Frozen Flux Formulation

SUN 21 MINRIAINISAIUIN
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3.5.2 setup WAATE1S

esanudarasiidimnunuiwiduenziivesiuvesiu Wy PG Sanunuiuduingy
1036ke/m® 1573914 Volume Fraction ni3efiSenindnaruusinasvosansansiusoansiaomun Tne
514 discrete random walk model lun1samiuusazarsmineuise Avualiusazaisidu
droplet 9u1a PM 2.5 %38 2.5x10° wns dmsusnsinisiuaisiiaenal ACH (air change per hour)
Mniseanamilie 6.81 Ferndmnoanuii lutdlusdennadlwadaunuiiduivinves
Usunsitanun seuisn@11158m CFM (Cubic feet per Minutes) A 31nU3U1A5U09L51A D
2.8mx3.4mx4.1m = 39.032 m> wazlasnsnslnans 6.81x3.0x2.8x4.1/60 = 4.43 m3/min wag T4
aunuuLureurazasiussisluidde PG = 1040 kg/m3, Nicotine = 1010 kg/m3, Glycerol =
1261 ke/m? Falddnsansivavesuiadu PG = 1040x5.1075x10° = 5.312 x10° kg/s = , Nicotine
= 1010x5.1075x10® = 5.159x10° kg/s, Glycerol = 1.261x5.1075x10® = 6.441x10° kg/s 15119
Nuitves inlet #a 0.14875 x 0.2975 m? wazldaruidlunisluadnie 4.43/0.14875 x 0.2975 x60

=1.668482 m/s laglavinisingnsnslunisidiaiuyns eenuld 0.6 m/s lngdmundnsnsives

o
neau 1 m/s
n Set Injection Properties x
Injection Name Injection Type
Pa surface -
Highlight Surfaces — — = —
Release From Surfaces Filter Text = | |—_ ‘ ‘T/‘ ‘-_ ‘
inlet
outlet
wall
Particle Type Laws
Massless (®) Inert (' Droplet () Combusting ) Multicomponent Custom
Material Diameter Distribution Oxidizing Species Discrete Phase Domain
pg * | uniform i ¥ || none i
Evaporating Species Devolatilizing Species Product Species
Point Properties Physical Models Turbulent Dispersion Parcel Wet Combustion Components UDF Multiple Reactions
Variable Value Stagger Options
Diameter (m) 2.50-6 = Stagger Positions
Stagger Radius (m)
Temperature (k) 300 - g8 B
0
Velocity Magnitude (m/s) 0.065126 -
Total Flow Rate (kg/s) 5.312e-5 -
Scale Flowr Rate by Face Area
| Inject Using Face Mormal Direction
ﬂ File... Cancel| Help |

JUN 22 min1sAseAusiazans
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Table 2
Percent composition of e-liquid and aerosol.
Glycerin (%) Propylene glycol (%) Water (%) Nicotine (%) Flavor® (%)
e-Liquid composition
blu Classic Tobacco Disposable 82 - 9 2 7
blu Magnificent Menthol Disposable 75 - 18 2 5
blu Cherry Crush High Premium 77 - 14 2 7
SKYCIG Classic Tobacco Bold 24 67 6 2 1
SKYCIG Crown Menthol Bold 21 66 7 2 4
e-Cigarette aerosol composition”
blu Classic Tobaccoe Disposable 73 - 15 1 11
blu Magnificent Menthol Disposable 80 - 18 2 -
= 5 -0 _ 19 1 10
ISKYC]G Classic Tobacco Bold 24 61 104 14 3 I
Town Mentnol Bo 2T 59 T2 2z 5]

* Flavor content is estimated by difference.

b Aerosol % composition calculated based on the ACM delivery as analyte yield (mg)/ACM (mg) = 100.

JUN 23 wansdndrulaeiiavesanshuiieynsiih Fadnedanainuinduenase (8198191n0u3de)

3.5.3 setup NI3LLEANINE

lunsuansmaisglould 3 dlunisvenUSinaesansuiazansiuaiuyvslulasusiiug

1519189999N11 Wazks11A1IIN15 Normalized Avasusiazansiiieuiuagianveiu ioaglaviuld

Y & 1 1 o 3 =) = = ' ' = ! - Ay v
Faudu (@laiazgriuuddivieadudiulng) duazan Volume Fraction gagailaainnis

Normalized WaavBanSuAkAZANTIRUAAIAILUIUN 23

Pg.Volume Fraction Glycerol.Volume Fraction Nicotine.Volume Fraction

P9

5U# 24 Volume Fractions vesansuiazuiinlaglilguandisesnuseaundnudy

r 6.560e-01

[ 4.920e-01

[ 3.280e-01

[ 1.640e-01

- 0.000e+00

aly nico
2.120e-01
1.590e-01

L

/l
1 1.060e-01
5.300e-02

— 0.000e+00 =

1.550e-02

1.163e-02

[ 7.751e-03

3.875e-03

0.000e+00

Ad09fAe Propylene Glycol #ialienge 9 71 PG @und Ao Nicotine wag dU13u Ao

Glycerollmedvasansvisanumdiaiduudd asiunarilain dMiinainniswan PG + Nicotine +

Glycerol azlg &1 99NU1 WAZYDLFINNITTINAIVDIESNINUATIN “VoHaN”
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3.6.1 M383149A

File Edit Monitor Session Insert Tools Help

Qutine Variables | Bapre: + vector
[] % Point 191 Y contoor
Point 142 =
O+ € &= Streamline
[] 4 Point 143
[] % Point 144 &= Partide Track
[] < Point411 6 Volume Rendering
[] 4 Point 412 =
[ <4 Point413 [oos 252
[ < Point 414 &+ Coordinate Frame
[] <% Point441 F: Legend
L1 4 Point 442 f:‘,‘q Instance Transform
[] % Point 243 e
[] 4 Point 444 A D Hane
[ <% maxaly © color Map
D - maxNico
X variable
[1 <4 maxPG o
Vx| Expression
Details of maxPGlocation EH Table
General Data Series X & chart
™ @ XY -Line A] Comment
) XY - Scatter
%] Figure

O XY - Transier

<4 Point 7 O x B =
%+ Point Cloud
7 Line
@ Plane
o Volume
b Isosurface
=% Iso Clip
? Vortex Core Region
(;B Surface of Revolution
~ Polyline
@ User Surface
i&! surface Group
’a Turbo Surface
S"/ Turbo Line
Chart Display

() Histogram

Display Title =
Title Imax PG location I
Report
Caption I J
Fast Fourier Transform
| export rie |/ [ foermi=

SUTl 25 i

1MNNIT set up 90
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NM3ATNNTINVTBAUMLTTEYUUTUNUAT 1519 rUAgALiTenviun steam line Weldd

vimsnaenns e Tneisuanlufl Insert -> Location -> point -> Apply
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&5 A6: Fluid Flow (Fluent) - CFD-Post

File Edit Monitor Session Insert Tools Help
EHBE LD 9 Boetnv TERST & Ha"FO x@EE

Outline riables Expressions Calculators Turbo
Point 141 ”~
Point 142
Point 143
Point 144
Point 411
Point 412
Point 413
Point 414
Point 441
Point 442
Point 443
Point 444
max Gly

tEEEt bttt t;

maxNico
maxPG v

u0o00000ooooaad
4

Details of maxPG

Geometry Color Symbol Render View
Domains All Domains &7
Definition
Method Variable Maximum S2
. XYZ
Location MNode Number
Variabl Variable Minimum
S Variable Maximum
Boundary Data Hybrid Conseryative
Nearest Node =
A = » &
| Reset | Defaults

JUN 26 M3fimun Geometry Uiazans

W 9YIN15A319AED 09N oNANANURAT A BIN1THAAIYDIANT LABYIIN1TIaeN

Geometry -> Method -> Variable Maximum (Ingluiilagvinnismusunueasanveudazans) ->

Apply
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i A6: Fluid Flow (Fluent) - CFD-Post

File Edit Monitor Session Insert Tools Help
FHHEE LD 9 Bostn~ SEESF o H'F O x@EE
Outline Variables Expressions Calculators Turbo

Point 141 7~

Point 142

Point 143

Point 144

Point 411

Point 412

Point 413

Point 414

Point 441

Point 442

Point 443

Point 444

max Gly

maxNico

maxPG v

000000000000000
PPy

Details of maxPG
Geometry Color Symbol Render View

Domains All Domains -~

Definition

Method Variable Maximum Y -

Location | fff_solid >

Variable Pg.Volume Fraction S
Nicotine.Volume Fraction.Gradient ~
Nicotine.Volume Fraction.Gradient X

Nicotine.Volume Fraction.Gradient Y 4
Nearest Node Nicotine.Volume Fraction.Gradient Z

Nicotine.Wall Heat Flux

Nicotine.Wall Radiative Heat Flux

Nicotinenicotine.Density

Nicotinenicotine. Volume Fraction

Pg.Densi

Pg.Volume Fraction et

Boundary Data

[Caeey ] | Reset || Defouts |

JUN 27 msiwuavila Variable 7198413

1W9Yn15189n Method La5aud daen1sidanvinvesUsunaiaeanis Taelun

4 A

Geometry -> Variable -> Pg.volume Fraction (LLﬁaLLGiGUﬁWUENa’ﬁVimmmiLaaﬂ) -> Apply
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3.6.2 N15&519 Steam line

& Ab: Fluid Flow (Fluent) - CFD-Post

File Edit Monitor Session Insert Tools Help
EEHE D@ 9 ¢ Buamy 2BERZH s BP0 xE@EE
Outline Variables Expressions Calculators Turbo
[J 4 Point 144 "
[J 4 Point411
[ 4 Point 412
[J <4 Point413
[0 4 Point 414
[ 4 Point 441
[ 4 Point 442
] 4 Point 443
[J <4 Point 444
[] 4 maxGly
[:l <~ maxnhico
O& stre Insert : X Vector
& stre
M& stre

Edit | Cojtour .

Show
2§ Hide
Hide All

Paint Cloud
Iso Clip

Surface Group
Edit in Command Editor
Legend

=®  Duplicate

x Delete

U 28 nsuity Steam line Tinansidesnisasiansv

=€ v o

\Wesntunaueinisasnegn lulsunsulilanmun Steam line 11l Fadosvinnisasng

steam line Wilsiazqn lneidenansiideinisuanina aetidonansinesnis (uniden maxPG) ->

Insert -> Steam line -> Apply
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ﬁ A6 : Fluid Flow (Fluent) - CFD-Post

File Edit Monitor Session Insert Tools Help
TR ELRL@ 90 Buatny SESTG o B0 x@EE|

Outline Variables ~ Expressions  Calaulators ~ Turbo

[ 4 Point 144 2
[ 4 Point411

[J 4 Point 412

[J 4 Point 413

[ <4 Point 414

[ 4 Point 441

] 4 Point 442

[ 4 Point 443

[] 4 Point 444

] <% maxGly

D < maxNico

[ 4 maxrG

[J& streamiine 1

§ Streamline max Gly

:&\\ Streamline max Nico V.

Details of Streamline 2

Geometry Color Symbol Limits Render View

Type | 3D Streamline %l
Definition
Domains All Domains €_. 9 &._ D { >
Start From maxPG
] Point 413
Sampling Point 414
Point 441
Reduction Point 442
Point 443
Max Points Point 444
max Gly
maxNico L
&) ~ |Streamline 1 ¥ >
Variable | MG E a > & ke
Boundary Data Hybrid Conservative
Direction | Forward "

Cross Periodics

sUn
u

29 nisivungasulvilians NAdeenisasne Steam line

1iI9viNnsasng Steam line Mdpenisuas ivinisidengasusunisiin Steam line lnglui

v

3.6.3 N158319n5NW

3n19) -

> Geometry -> Start From -> maxPG (Lﬁaﬂqmﬁﬁaqmi) > Apply

3.6.3.1 n13af1enTiivessymuvtsUIInueansgeEn

LY
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Tudupeuil iWunsasensiiievensunisUSunaansasgaifosnisluldazianfiuansig

[

N

&
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= ) [ I Ao U a o o i
AU Feaglaninanonudumunuan U uMasdn lulaazlia N n1nue I@ammiamlmmmgﬂ
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A6 : Fluid Flow (Fluent) - CFD-Post

File Edit Monitor Session Insert Tools Help

S, 2 e 9% Locaton r IS SO B0 x @ EE 2
Outline Variables Expre:s 2 vector
~ [E] Report

Contour
&> Title Page :
p Streamline
g9 File Report
Particdle Track

&3> Mesh Report

&3> Physics Report

&3> Solution Report

£1[A] User Data

> MIA chart1

>

> &, maxPG at max
B max Nico locatior
[&. max Nico at max
B max Gly at max Color Map
B max Gly location

Volume Rendering

Text
Coordinate Frame

Legend
Instance Transform

Clip Plane

OR%mEw%: QNNE

S~ - X  Vvariable
|z| Display Properties an v
| Expression
Details of maxPGlocation Bl Table
General Data Series X = ﬁ Chart Display
Type @ Xy -Line [A] Comm;t
(O XY - Scatter z
O XY -Transier @ Figure
() Histogram
Display Title =
Title Imax PG location |
Report
Caption [ ]
Fast Fourier Transform

[ Bt [reser | [oermidl

U1 30 MsLiiuns

Wlavin3asne Steam line 1391 93U N Yo Steam line N1a313n39 Outline 91N

Wmsifians il Iaglud Insert -> Chart -> Apply



33

&5 A6: Fluid Flow (Fluent) - CFD-Post

File Edit Monitor Session Insert Tools Help
FHEZE e 9 ¢ Puetny MESZTD ol xEE
Outline Variables Expressions Calculators Turbo
v (2] Report ~

&> Title Page
&> File Report

> &3> Mesh Report

> &3> Physics Report
&3> Solution Report
@ User Data
|5 chart1
12, maxPGlocation
Iﬁ maxPG at max
B max Nico location
[&. max Nico at max
B max Gly at max
L;‘_\. max Gly location

» \3.] Display Properties and Defaults v

Details of maxPGlocation
General Data Series X Axis Y Axis Line Display Chart Display

Specify data series for locations, files or expressions
x (Streamline maxPG)
y (Streamline maxPG)
z (Streamline maxPG)

XL

Name X

Data Source

(@) Location 'Streanﬁnermafoi ~\ AL — > | b
O File

(O Monitor Data

Custom Data Selection =
X Axis

Variable | Time on Streamline maxPG v,}

Boundary Data Hybrid Conservative
[[] Take absolute value of data points
Y Axis

Variable X >

5, 3V . N . Wiy =4 49, \¥ . B ]

Boundary Data Hybrid Conservative
[[] Take absolute value of data points

| Exwport |  Reset | | Defaults

JUN 31 M3T2YLNUYBINT MMM LMLYeIA1TNABINTT

Y ¥ o

W alansiuaadesvinnisninuatdaunuuesnstn tasldyl Outline -> Report ->
MaxPGlocation (luitlien1sidenansnniuun Steam line uLa1) -> Data Series -> X Axis (1890
wnw) -> Variable (uiififvualiliunu X Ao time on Steam line ) -> Y Axis (lu#idl 1den X Aol

wUsiuman) -> Apply WusuiaSadu
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3.6.3.2 n13af1enTmiienvTInua1sgegalutialaninue

[y

Tutumeoudl Wunsadensmitendunaasasgaidenisluwiaznanfiuandniu e

9

[

wansraoanudulinageanluwiazianfidmun nsanaunsaviilanuguainuans deil

E A6 : Fluid Flow (Fluent) - CFD-Post

File Edit Monitor Session Insert Tools Help
HEBHDS 9 Buanv SESSO s HTPO x@HE
Outline Variables  Expressions Calculators ~ Turbo
v @ Report
&> Title Page
& File Report
82> Mesh Report
&> Physics Report
&> Solution Report
[M[A] user Data
]’_R, Chart 1
EI]S, maxPGlocation
] maxPG at max
M A, max Nico location
|&. max Nico at max
> ]ﬁ max Gly at max
M 1A, max Gly location
> [ﬂ Display Properties and Defaults v

Details of maxPG at max
General Data Series X Axis Y Axis Line Display Chart Display

Specify data series for locations, files or expressions

Series 1 (Streamline maxPG)
Y
X
3
Name Series 1
Data Source
(® Location Streamline maxPG : &1 .. |
O File =
(O Monitor Data
[] custom Data Selection
Export ] Reset Defaults

I
Y

a a v a
ETJW 32 GUUG]@Uﬂ']iLaE]ﬂﬁ'ﬁVIWENﬂ']iLLa@ﬂUiiJ']mqqq@
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91n3UT 32 9z9iudn Aeevinnisiden Outline -> Report -> maxPG at max (1ienans) ->

Location -> Apply

& A6: Fluid Flow (Fluent) - CFD-Post
File Edit Monitor Session Insert Tools Help

FHELDE 90 Boow~ SERIP s HEH0 x@EE
Outiine  Variables  Expressions  Calculators  Turbo
v [ Report ~
&> Title Page
&> File Report
#> Mesh Report
&> Physics Report
&> Solution Report
@ User Data
Iﬁ Chart 1
B maxPGlocation
maxPG at max
B max Nico location
B, max Nico at max
IR, max Gly at max
> MIB maxGly location
> [:«ZI Display Properties and Defaults v

Details of maxPG at max
General Data Series X Axis Y Axis Line Display Chart Display
Data Selection

Variable Time on Streamline maxPG e B . -

Boundary Data Hybrid Conservative
[[] Take absolute value of data points

Axis Range

[ Determine ranges automatically

Min  |-1.0 Max: 1.0 *1
[ Logarithmic scale [ Invert axis
Axis Number Formatting
Determine the number format automatically
Predision F - ‘ngnuﬁc )
Axis Labels

[ Use data for axis labels

Custom Label X Axis <units>

Export | | Reset || Defats

JUN 33 mMsuFuenluinu X vesansinivun

A o a a v % Yo o Aa . a . PR
LLBNINITLABNA1INABINTILLAAINALA I'VWI']@\TU 8 X axis (Laantnu) -> Variable au‘ﬂu

denlunu X 1Ju Time on Steam line maxPG -> Apply



ﬁ A6 : Fluid Flow (Fluent) - CFD-Post

File Edit Monitor Session Insert Tools Help
FEHEUDE@ 90 Buemv SERIF FsHTP0 x@EER
Outline Variables Expressions Calculators ~ Turbo
v @ Report ~

&> Title Page
&> File Report
> &> Mesh Report
> &> Physics Report
> &> Solution Report
[M1[A] user Data
> ]’_,:‘ Chart 1
> I’_R. maxPGlocation
> maxPG at max
M IR, max Nico location
B max Nico at max
|R, max Gly at max
B max Gly location
) @l Display Properties and Defaults v

Details of maxPG at max
General Data Series X Axis Y Axis Line Display Chart Display
Data Selection

1U

Variable '_?’_g.VoGeFracﬁon - NN S S -
Boundary Data Hybrid Conservative
[[] Take absolute value of data points

Axis Range

Determine ranges automatically

Min |-1.0 Max | 1.0 i
[] Logarithmic scale [ tnvert axis

Axis Number Formatting
Determine the number format automatically

Precision < |Sdentific ¥

Axis Labels
Use data for axis labels

Custom Label |Y Axis <units>

| Boot | | Reset | [ ocais |

SUN 34 nsuTueiluunu Y vesansiidmue

Fraction LileUsuenfisdnaiulneuSuinsuesans) -> Apply [usuiasadu
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anusausuanlamail Y axis (Aanwnu) -> Variable Quniidanlwwny Y 1du Volume
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uni 4
NAN1SALLUIUY

4.1 NAgaULUUINAINlANUNITIAYDI9INIASITUAD

JUN 35 nmAnaeenisinavesainie (Steam line)

B ULINLPI1aDIN5LAR BUTNVRIBINALUANIITUNR WUIILN15NTEA8RUUTAANI19ky

1 = = ¥ = o [ a2
HUUDU FIUAIUARILARINUAIULU U

4.2 NM3N32YAIVDIAITVLAAN luaTuyns v

Time Value =0[s]

JUN 36 Maan 0 Jundt dslailgvinmsldansidnluluiiesdnaes
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Time Value = 1.00006 [ s ]

'
=

sUN 37 Mian 1 w9 wuln PG (Ewaed) danszansiselnaniadn @3 Nicotine (Bwaq) bENsEane

Y 9 Y

AALYTIINTIYBIVRIINa0Y druvasmaunil Nicotine Uusgtoe(@dneeniden) Sunszatglunugnas

JUN 38 91 2 Funil wud PG (Emdes) SuunsnszarglunuNicotine 1naiu dunalaandiiisy

Time Value = 2.0001 [s]

Waswduaduunntu (Annanaesved PG + A1aswae Nicotine) luvmzivoInauiiil Nicotine

Yuagilay (@deanien) wnsnszatgean o,



Time Value = 3.00007 [ s ]

JUN 39 91 3 Funi Fensivasenunuiniu laslanie PG (@inded)

Time Value=5[s]

a

U7 40 JUTa 5 i Faeziuveau(@E@dneenidies) weoztiu Liosann

Nicotine Tifidunsosas uazilunangavefivassasidily
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Time Value =10[s]

i a I

JUN 41 91 10 Jnd Twasnayddisugnunuiaigenie

Time Value = 30.0001 [ s ]

el' el' a a a | Y i a a v
EU‘V] 42 9 30 U UILIUTDINIDDNATUANIUUAITUD YA
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Time Value = 60.0001 [s ]

a al

JUN 43 91 60 Jdl 15919 9 Bulvaduvnsesndiuuy

Time Value = 100 [ s |

U7 44 fivaan 100 Funit Wugnanaaievesnisauan astunszandegfiyunseudumad

WNan
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Max PG Volume Fraction Location
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Max Glycerol Volume Fraction Location
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4.3.2 nsauaneUSunnggnvasansslinnee Tuudazgaaainfue
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Max Nicotine Volume Fraction
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4.4 UNUNNIABIUAAIAUNLTIUTINETTEeER
Tuwnunmazlddaingun 24 fie PG 1udndes, Nicotine LUuduns waz Glycerol LUudUIRY
wagluunana dumisnusunauasgeagnzegiynfeiuiuiuiniudeududugaiien wu o Jund

#15, 60 Wag 100 Mallanunsaniduniaeslsinuasasanusazsinlunainuandaiulaluuni 3
WA 4 Y9INTVAGLY

Time Value =5 (s ] Time Value = 5[s] Time Value =5[]

JUT 51 unun ndnasduansinunisniuing wengulniuinfiansissaisdeuiuet

Time Value =10[s] Time Value =10 [s]
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