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Insertion of the location of the RA in the mine in Ventsim’s GUI
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Simple mine layout: manual insertion of an RA
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Data input tab for the RA in the GUI
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i Foom

Length 6.000 i+ m
Width 290 s m
Height 1.06 e m

Utility Room Data

Length 0.99 sm
Width 197 “m
Height 1.06 = m
Thickness 0.01 e m
Thermal Conductivity 150 = Wimk
Heat fransfer Coefficient Multiplier |1 Ii”

Connection between Utility Room and Main Shelter Room

Open connecting cross section surface area 100 -
(%) (Percent of width x height of the RA): | ca

Capacity
Mumber of rows of occupants along length |5.DD E”
MNumber of occupants in each row |2.D|] Ii”

Main Shelter Room Dimensions

HSE Data General | HSE Data Individual | Scrubber | Inside Conditions | Outside Conditions | RA Insulation | Miscellaneous

%




Data input tab for the RA in the GUI

'§ Refuge Altemati s et I =R
= g€ elma e e, i M i P — T T X e
File Graph Reset Select Template | v

Contact Surface with floar 02 < m
Height in % ofthe RA height 713 B %
Mass 1100 4 kg
Specific Heat 42000 = JikgK
Outer Surface Area 18 = m2
Metabolic heat dissipation per person |12|1D E” W
Moisture generation per person |1.El &” L/day
Thermal conductivity 50 = WimK
Human initial temperature |3G E” oC

Heat transfer coefficient multiplier |1 E“ Wim2-K

Room || HSE Data General ;

General Human/Scrubber/Equipment Data




Data input tab for the RA in the GUI
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Reset
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Room |HSEDﬂaGquii

HSE Data Indmdual

Individual Human/Scrubber/Equipment Data

Index - " i " Surfgc._e Hea'l[

Position Postion Muttiplier Multi
B [B 051 1 1
2 03 235 1 1
3 151 0.51 1 1
4 151 235 1 1
5 271 0.51 1 1
3 27 235 1 1
7 3.91 0.51 1 1
8 3.91 239 1 1
9 512 0.51 1 1
10 512 235 1 1




Data input tab for the RA in the GUI
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N :
Room |HSEDEtaGemﬁI

HSE Data Individual

Individual Human/Scrubber/Equipment Data

Indieze: i - i . SurF;qe Hea@

Position Position Multiplier Iluitti
B B 051 1 1
2 03 2313 1 1
3 1.51 0.51 1 1
4 1.51 2313 1 1
5 21N 0.51 1 1
6 27 2313 1 1
7 391 0.51 1 1
8 391 239 1 1
3 512 0.51 1 1
10 512 239 1 1

Auto Position:
Default uniform
arrangement of
occupants



Data input tab for the RA in the GUI

Modified arrangement of occupants by manually moving the occupants or entering new data
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Room |H5EDﬂaGu'laii EHSE Data Indi\ridualé Scrubber | Inside Conditions | Outside Conditions | RA Insulation | Miscellaneous

Individual Human/Scrubber/Equipment Data

X Y Surface Heat

Position Position Multiplier Mkt
0.81 0.48 e
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Data mput tab for the RA in the GUI

[B Refuge Alternative - et ". 1= ==
File Graph Reset Select Template [ ,]
|| Room | HSE Data General | HSE Date Indvidual . Scrubber | Inside Condtions | Outside Condtions | RA Insuiation | Miscelaneous
Main Scrubber Data
[Entered as individual source(s) in separate rowi(s): e.g., in row 6, column 1] Scrubber Distribution Data
@ Honging COZ acniibermatesial cutain Gambal X OB ndex Ao Fosion i’qﬂffpﬁ?;
MNumber of rows of scrubbers along length |2 E” 2 06 1
Mumber of scrubbers in each row |2 E” 2 2 23 1
3 45 06 1
O Bomber of somibers s (g o ) 4 45 23
Contact surface with floor 0.1 4 m2
Heightin % ofthe RA height 250 B %
Quter Surface Area 05 & m2
Mass 0.0 4| kg
Specific Heat 10000 4 JikgK
Total Heat dissipation 275 s ow
Percent of latent heat 50 B %




RA Example: a 10-person RA with hanger-type CO,

scrubber

G Refuge Alternative b s

File Graph Reset Select Template |

Room HSE Data General HSE Data Individual = Scrubber  Inside Condiions  Outside Condttions  RA Insulation  Miscellaneous

Individual Human/Scrubber/Equipment Data

Indec * N ¥ B Surf_ac_e Heafc Dissipation Moi;tu_re Dissipation
Position Position Multiplier Multiplier Multiplier
» 1 035 066 0 0 0
2 0.39 1.98 0 0 1]
3 116 0.66 1 1 Enable
4 132 177 1 1 e
b 1.23 0.96 1 1 1
6 193 1.98 1 1 1
i 2h 066 1 1 1
8 2 1.98 1 1 1
9 348 0.66 1 i 1
10 348 188 1 i 1
1 425 0.66 1 1 1
12 425 1.98 1 1 1

Toggles disable/Move Mode

——— Disabled sets all 3 Multipliers to 0

———  Disabled items are red

—_——

Pressing enabled here will flick all
Multipliers to 1

—— Pressing Disabled here will disable
the occupant by setting all multipliers
to 0

" Hanger Scrubber Icon Movable by
Dragging just like the Occupants




Data input tab for the RA in the GUI
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File  Graph  Reset
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Select Template [ "]

Initial Conditions Inside the RA
Air temperature
Air humidity

Barometric pressure at RA floor level

Initial Conditions Outside the RA
Air temperature

Air relative humidity

Air velocity

Initial steady state air temperature

Rib steady-state surface temperature

Floor steady-state surface temperature

Roof steady-state surface temperature

Foom |HSEDHaGa1&d|HSED’atahdvidud|Smbberi

side Conditions

|14_u E"
|u.u |z||
|1DDDD|] |z||
|14_u E"
|u.u |z||
|2.u |z||
|14.u E"
|14_u E"
|14_u lz||
|14.n |z||




Data input tab for RA from within the GUI

Refuge Alternative et I E=S R 5
G g i — i — T T W e

File Graph Reset Select Template | -

Room | HSE Data General | HSE Data Individual |Scn.bber| Inside Conditions EOLﬂSidE Cond'rtionsé RA Insulation | Miscellaneous

Data for Outside Environment
Drift cross section 15.0 s m2
Drift perimeter 1160 = m
Crift Length |2.|1g E“ o
Cinft age of ventilation |2.ﬂ E” year
Virgin rock temperature |14-f' E“ oC
Rib wall thermal conductivity |El.33 E” Wim-K
Rib wall specific heat 1380 =] dikgK
Rib wall density 1345 +| ka/im3
Rib wall heat transfer coefficient multiplier L |
Floor conductivity 25 = WimK
Floor specific heat 1000 =] dikgK
Floor density 12600 -+ kgim3
Floor heat transfer coefficient multiplier |‘l E”
Roof conductivity 1106 = wWimK
Roof specific heat 1930 = JikgK
Roof density 12600 = kg/m3
| Roofheat transfer coefficient multiplier 1 = wim2-K

RUN



Data input tab for RA from within the GUI
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Select Template [ ']

RA Side Wall Thermal Properties

Room |HSEDdaGaﬂd|HSEDdath|Smbba|hsidemeﬁons|DusideCmuﬁms

Tad thickness 0.002 B m
Thermal conductivity |El.2 E” Wim-K
Heat transfer coefficient multiplier i B
RA Roof Thermal Properties
Seating pad thickness 0.002 B m
Thermal conductivity |D.2 E” Wim-K
Heat transfer coefficient multiplier i B
RA Floor Thermal Properties
Seating pad thickness 0.002 B m
Thermal conductivity 02 = wWim-K
Heat transfer coefficient multiplier |1 Ii”
RA Floor Thermal Properties Under Occupants
Seating pad thickness 0.001 2 m
Thermal conductivity 0.03 = wim-K
Thermal Personal Properties under Occupants

| Seating pad thickness 0.00127 B m
Thermal conductivity 02 B WimK

RA Insulation

Miscellaneous




Data input tab for the RA in the GUI

G Refuge Alternati
File  Graph

Miscellaneous Data

Radiation view factor multiplier

Flow admittance multiplier vertical direction
Flow admittance multiplier horizontal

Floor slab specific heat (J/kg-K)

Floor slab mass (kg/m2)

Run RA
simulation

Room |Smbber|HSEDdaGem:’d|HSEDdakKivkin|hsid&Comﬁons|[Msid&Comﬁons|HAhsddjoné i

os &
01 S
o g
11000 = JikgK
0 %] kg/m2

Select Template [

)




Temperature history plot upon successful completion of simulation
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Data input tab for RA from within the GUI

Graph menu

options /

Temperature

Condensation

History

G Refuge Alternati
File  Graph

Miscellaneous Data
Radiation view factor multiplier

Flow admittance multiplier vertical direction

Flow admittance multiplier horizontal
Floor slab specific heat (J/kg-K)
Floor slab mass (kg/m2)

P Room |Smbber|HSEDdaGem:’d|HSEDdakKivkin|hsid&Comﬁons|[Msid&Comﬁons|HAhsddjoné i

D8 B
01 S
D g
11000 = JikgK
o 4] kgim2

Select Template [

)




More results for the 10-person RA, uniform distribution
of occupants, hanger-type CO, scrubber

r Figure 1 l == |&r .— Figure 2 l =B |&r
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SHde | AR E @lﬂ SHde | AR E @E

Temperature distribution at mid height after day 4
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Results of RA examples



Example 1: 10-person RA, uniform distribution of occupants,
hanger-type CO, scrubber, 57.2 °F ambient temperature
(repeated)

(8 Reuge Aremative,y » i » o JNEENERNSSS - & Do dBe B a——"ES

IFI Graph  Reset Select Template | v

Room |HSEDH General EHSEDET a Individua |;Sc:|'|.lnber Inside Conditions | Qutside Conditions | RA Insulation | Miscellaneous

Individual Human/Scrubber/Equipment Data

Index L L Surface Heat

Pasition Position Muttiplier Mutti
N [E 051 1 1
2 0.3 239 1 1
3 1.51 0.51 1 1
4 1.51 239 1 1
5 27 0.51 1 1
6 27 239 1 1
7 391 0.51 1 1
8 391 239 1 1
9 512 0.5 1 1
0 512 239 1 1




Example 1: 10-person RA, uniform distribution of occupants,
hanger-type CO, scrubber, 57.2 °F ambient temperature
(repeated)

P' i
3 e aenave, L R B e e (g o e

File Graph  Reset Select Template [ '] File

Room | HSE Data Genera | HSE Dot el GHe|ARU9DE | 0E

Temperature, apparent temperature and relative humidity history

. . 100
Individual Human/Scrubber/Equipment Data '
- % it Surace Heat| Y—> e 9“"'““““ """" T
ndex Position Posttion Muttiplier Mutti . !
» 1 03 0.51 1 1 e T e L e e e e m e e S S S
2 03 239 1 1 = ' - -
B 151 051 ] ] = — Dry Bulb Temperature [
‘ 1 151 233 1 ] R T Rt Apparent Temperature
| | |_ . . B
5 271 051 1 1 — 95 °F Limit
6 271 239 1 1 2'5 3 3'5 1
7 391 051 1 1 - :
| g 391 239 1 1 Time (day)
9 512 051 1 1 I
10 512 239 1 1

Relative Humidity (%)

Temperature and humidity vs. time



Example 1: 10-person RA, uniform distribution of
occupants, hanger-type CO, scrubber (repeated)
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Temperature distribution at mid height after day 4
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Example 2: 10-person RA, non-uniform distribution of occupants,
hanger-type CO, scrubber, 57.2 °F ambient temperature
Manually moved occupants, other parameters unchanged

- — —— e = g 2
| = |
[ § Refuge Alternative - - & . Figure 3 mﬂu
File  Graph Reset Select Template | - File

Room |HSEDaaGenerz-i EHSE Data ||"|di\"idl-|ﬂ|§ Scrubber | Inside Conditions | Outside Conditions | RA Insulation | Miscellaneous

SHe | RAGDE|0E

Temperature, apparent temperature and relative humidity history

Individual Human/Scrubber/Equipment Data e
- X Y Surface Heat| Y—3 i 90t —
ndex Position Position Multiplier Mutti 2.
ah]
4 0'34 D48 ! ! ':'. e sttt ettt plleyteuly St ooy ooy
2 03 239 1 1 = ; - '
3 151 051 1 1 ° - — Diry Bulb Temperature |-
4 0.7 238 1 1 o N - Apparent Temperature | |
5 223 0.44 1 1 = ! - .
. 95 °F Limit
6 319 242 1 1 : : .
7 441 047 1 1 o 25 3 34 4
8 291 239 1 1 Time (day)
] 512 051 1 1
10 240 1 1

Relative Hurmidity (%)

Temperature and humidity vs. time



Example 2: 10-person RA, non-uniform distribution of occupants,
hanger-type CO, scrubber, 57.2 °F ambient temperature
Manually moved occupants

"B Figure 1 bl e | B Figure 2 E=EEEET)
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Floor condensation distribution after day 4




Example 3: 10-person RA, uniform distribution of occupants,
hanger-type CO, scrubber 66.2°F ambient temperature

he RA is not in compliance, Ta> 95°F
(B Figure 2 E=EEERT)
Eile
SHe | RKOT9E | 0E
Temperature, apparent temperature and relative humidity history
120 T T T
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E Loo| ===== Apparent Temperature |-1------- —
= L | T 95 °F Limit
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I I I I
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Time (day)

Temperature and humidity vs. time



Example 3: 10-person RA, uniform distribution of occupants,
hanger-type CO, scrubber, 66.2°F ambient temperature
The RA is not in compliance, Ta> 95°F

rl] Figure 1 [ = | (=] |—'"EE’-]1 r!l Figure 2 [ =] | (=] |i&]1
Eile File
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Temperature distribution at mid height after day 4
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Example 4: 10-person RA, derated to 7-person occupancy, hanger-
type CO, scrubber, 66.2°F ambient temperature
Reduced occupancy (10 to7) from one side of RA space

)
B Figure = )
e Alternativ [F=REEEE
m.Refug -y = J file
llllllllllll [

Sde | RUDE 0B

Temperature, apparent temperature and relative humidity history

ile  Grapl esi
HoomlHSEDaaGenefd HSE Data Individual | Scrubber | Inside Condtions | Outside Conditions HAhsja:onlMsoelaﬂeous

Individual Human/Scrubber/Equipment Data 100

Y Surface Heat Dissipation Moisture Dissipation | Y—:3
Index Position Position Multiplier Muttiplier Muttiplier E"
1 03 051 L T L e e e e i
2 03 239 @ -
3 151 051 = o ___'_i______i_.._..---l----""i""'--
2 15 539 E BB e e e L T L P LT w Sy
5 27 051 4 i | = Diry Bulb Temperature
o |

& 271 239 E [ A

arent Temperature |-

N 051 = ' pp p

3 381 238 95 °F Limit
3 512 051 I I I
10 512 239 25 3 35 4

Note the zero multipliers are
used to delete 3 occupants

Relative Humidity (%)

Temperature and humidity vs. time



Example 4: 10-person RA, derated to 7-person occupancy, hanger-
type CO, scrubber, 66.2°F ambient temperature
Reduced occupancy from one side of RA space
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Example 5: 10-person RA, derated to 7-person occupancy, hanger-type
CO, scrubber, 66.2°F ambient temperature
Reduced occupancy (10 to 7) from one end of RA space

| & Refuge Alternativ
File

h  Reset

ra
Room | HSE Data General | HSE Data Individual | Senubber | Inside Conditions | Outside Conditions | RA Insulation | Miscellaneous

Individual Human/Scrubber/Equipment Data

\\\\\\\\\\\\\

r. Figure 3
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Relative Humidity (%)

100
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________________

___________________________________
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Time (day)

Temperature and humidity vs. time




Example 5: 10-person RA, derated to 7-person occupancy, hanger-
type CO, scrubber, 66.2°F ambient temperature
Reduced occupancy from one end of RA space

r Figure 1
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Temperature distribution at mid height after day 4
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Example 6: 23-person RA, hanger-type CO, scrubber, 57.2 °F

ambient temperature

a Refuge Alternative

(=] E e
T T W
Select Template [ <]

File  Graph  Reset

Room |H5EData5mera|

m

Individual Human/Scrubber/Equipment Data
Index X - Y - Sl.lrf_ac_e Hea?
Position Position Multiplier Mutti
* 04318 0.7366 1 1 (1
2 07747 2521 1 1 e
3 1.1938 0.7366 1 1 e
4 15367 2921 1 1 e
5 1.9558 0736 1 1 9
3 22987 2921 1 1
7 27178 0.7366 1 1 e @
8 3.0607 2921 1 1 @
9 3.4798 0736 1 1
10 1.8297 2921 1 1 @
1 42418 0.7366 1 1 o
12 45847 2921 1 1 o
13 5.0038 0736 1 1 o
14 5.3467 2921 1 1 0
15 57658 0.7366 1 1 o
16 6.1087 2921 1 1 0
17 65278 0736 1 1 0
18 £.8707 2921 1 1 o
19 7.2898 0.736 1 1 o
20 76327 |2521 1 1 1]
21 8.0518 0.7366 1 1 a
2 8.3947 2921 1 1 e
2 28138 0.7366 1 1 12 ]
24 9.144 2921 o 0 e
% e

(%)
¥
g

B Figure 3 ESREERT

File
dHde |AOUDR | 0E

Temperature, apparent temperature and relative humidity history

100 : : : :
— Dry Bulb Temperature — - , ,
W1 ----- Apparent Temperature |*"1™"""""" [ [ A 7]
80 -1 95 OF Limit =~ |-epeeeemempeee et

Temperature (°F)

Relative Humidity (%)

Temperature and humidity vs. time



Example 6: 23-person RA, hanger-type CO, scrubber, 57.2 °F

ambient temperature
(Bl Figure 1 bl s | [ B Figure 2 = B e |

S Hde | )&% LM

Temperature distribution at mid height after day 4
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Floor condensation distribution after day 4
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Temperature and condensation distribution maps



Conclusions and Recommendations

UNR’s universal RA model shown in the examples has matched the 10-person RA
measurement results within a few percent from three different NIOSH experiments

Five more sets of NIOSH’s experimental results from different RA types are available
for testing the universal thermal model

The universal thermal model is integrated into Ventsim Visual mine ventilation and
climate software which has customer support

The model is easy to configure in a graphical environment and provides results for
temperature, humidity, condensation, and air movement within the RA space; it
gives results in a few minutes



Thank You

Question?
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