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Online CFD Tool for Designing Ventilation
Systems to Reduce Manure Pit Entry Risk

 The Ag Safety Problem

e Manure Pit Safety Program Vision
e Prior Work & Limitations

e Overview of the Online Tool .
* Design Example e
+ Introduce Online Workshop | RS

Penn State Extension 3



J'€s are Confined Spaces

| h and so configured that an
®can bodily enter and perform



Hazards in Confined Space
Manure Storages

1. Toxic and asphyxiating gases

Hydrogen Sulfide
Carbon Dioxide
Ammonia

2. Oxygen deficient
atmosphere

3. Explosive gases
Methane

Penn State Extension 5




Acceptable Limits for Exposure to
Manure Gases

OSHA Permissible Exposure Limit (PEL)

Manure Gas (29 CFR 1910.1000, OSHA,1995)
Hydrogen Sulfide (H,S) 10 ppmt
Ammonia (NH;) 50 ppm
Carbon Dioxide (CO,) 5,000 ppm

Lower Explosion Limit

(LEL, NIOSH, 2000)

Methane (CH,) 5% by volume

1 A Time-Weighted Average value: work over 8 hours period. |




The Problem

o Fatality rate manure pit entry more than
doubled between 1975-84 and 1995-2004

« Multiple fatalities are common; often
relatives & friends

e Exposure to entry risk becoming more
prevalent
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Prior Work by PSU Research Team

» Protocols Validated for Computational Fluid
Dynamics Simulation (CFD) of gas
concentration reduction and oxygen
replenishment during ventilation for selected
range of manure pits with:

solid covers
totally slotted covers
partially slotted covers

e Results published in 5 refereed journal articles
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Prior Work

e Published and gained consensus approval of the
International engineering safety standard,
ANSI/ASABE S607,

“Ventilating Manure Pits to Reduce Entry Risk”

« ANSI/ASABE S607. 2010. Ventilating confined-space manure storages to
reduce entry risk. American Society of Agricultural Engineers. St. Joseph, Ml

www.asabe.org
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Limitations of Prior Work

1. An estimated 10,000 to 17,000
(approximately 25 to 35 %) of manure tanks
In the U.S. fall outside the scope of the
current S607 standard.

2. Designers require a cost effective, user-
friendly Computational Fluid Dynamics
(CFD) ventilation simulation process to
custom design ventilation systems for
particular circumstances.
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What is the Online Tool?

1. A user-friendly, cost-effective online, web-
based computer simulation program for custom
designing manure pit ventilation systems

-Simulates ventilation of stand-alone manure pits
-Simulates ventilation of manure pits located

beneath tunnel-, cross-, or naturally ventilated
barns

Penn State Extension



What iIs the Online Tool?

2. Combination of SolidWorks, a CAD software
package and SolidWorks CFD add-on,
SolidWorksFlowSimulation (SWES), to:

- develop 3D Computer Aided Design
(CAD) models of the
manure storages and barns

- simulate the time-dependent
concentration decay of H,S, NH,
CH, and CO, gas from ventilated
manure storages
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What is the Online Tool?

3. User friendly interface for developing the

CAD model of the barn, pit, and ventilation
system

4. User friendly interface for accessing the
simulated contaminant gas decay curves,
oxygen replenishment curves, and real-time
cut plots of gas concentrations in the
manure pit and barn.



Cost Effectiveness of Online Tool

General
Users

PSU Cluster with
Solidworks &
S Flow Simulation

Note: General users

never pass through ,gi
the PSU firewall oy
>
g
,
=
>1
oI
Q|
o
L
-
<--
_ User queries, user outcomes, etc.
ABE PC with Solidworks license PSU responses
and Data/Results Interfaces < A

\ PSU Firewall »



Online Ventilation Design Tool

 Makes it possible to quickly configure many
combinations of common pit shapes and features:

Shape Cover Obstructions
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Online Ventilation Design Tool

« \We also need to consider the airflow from the
ventilated barn above the pit

Fresh Curtain
Barn Fans Air inlet sIots\ air in sidewalls

Open endwall Barn Fans

Open endwalls

Tunnel ventilated barn Cross ventilated barn Naturally ventilated barn
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Optional Pit Features
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Multiple Outlets
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Slotted Flooring

Tank Y Width
Slot Y Length

Tank X Length
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Divider Walls
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Pumpout Annexes

Wall Opening
I Length

wall Opening
1 Offset
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Obstructions
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Pit Fan Outlet Elbow
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Barn Features
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Tunnel Ventilated Barn

Barn Fans

Tunnel ventilated barn

Pit Fan

Underbarn

manure pit Endwall Inlets

Fully slotted
floor
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Cross Ventilated Barn




Cross-Ventilated Barn

Ceiling Inlet

Ceiling Inlets .
Slotted Inlet Blocking 8 Ope\nmg

0

Slotted Inlet -

A
20
A

Window Inlet 4 < i
Fan ' (] ]
Fan Bank ~ /

Ceiling Inlet Baffle
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Naturally-Ventilated Barn
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Ridge Vent and Sidewall Openings

I Ridge Vent ‘

Sidewall openings
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Endwall Sheathing
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Endwall Doors
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Wind Obstructions
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Manure Pit Gas Decay Curve

FAIR™ s R & Case 1 Solid Cover Counterflow ResultsFile - Microsoft Excel = = =R
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Barn Airspace Gas Decay Curve

@l =] E @ & Casel Solid Cover Counterflow ResultsFilexlsx - Microsoft Excel = = =R
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Results for Each Gas in Pit and Barn

4 & SA ResultsFilexlsx - Microsoft Excel = =
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Separate tabs for each gas in the pit and barn
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Simulation Results
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Simulation Results
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Simulation Results
@ I Front Pit Midplane
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Simulation Results
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Simulation Results

I 6 in Above Floor I @
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Simulation Results
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Design Example: Tunnel Ventilated Barn
Above Slotted-Covered Manure Pit

e Define the design case

 Create a tunnel ventilated barn above a
manure pit data file

* Review the input data
e Solve the case study
* View selected results
 Interpret the results
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Overview of Tunnel Ventilated Barn
above Pit with Slotted Cover

Barn Fans

Tunnel ventilated barn

Pit Fan

Underbarn

manure pit Open endwall

Fully slotted
floor

Isometric view of Pit + Barn
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Constraints and Assumptions for CFD Simulations

 Barn Ventilation: Negative pressure system
e Pit ventilation: Positive pressure system

e Default initial conditions inside manure pit:

— Pit is empty, no agitation, no gas generation

— Initial gas concentrations (can be changed by user)
* H,S=100 ppm
* CO, =700 ppm
* CH, =15,000 ppm
* NH; =240 ppm
e O, =0 ppm (no oxygen present)

Penn State Extension



Constraints and Assumptions for CFD Simulations

e Default manure pit configuration:

— Pit fan draws air from mix of fresh and
contaminated gas evacuated from pit (User can
select ducted fresh air inlet if appropriate)

— No obstructions in pit (can add)

— No divider walls (can add)

— No pump out annexes (can add)

— Pit cover is totally slotted (can be changed)

— Pit fan delivers air in direction perpendicular to pit
cover (can change the direction)
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unnel Ventilated Barn + Pit Design Case

Barn: Fully slotted 40 ft. x 100 ft. x 10 ft tunnel ventilated
(parallel flow) swine finishing barn for 450 finishing pigs

Barn maximum ventilation rate: 55,000 cfm
eManure Pit: 40 ft (W) x 100 ft (L) x 8 ft (D) underneath barn
Manure pit ventilation rate: 9,500 cfm

Pit fan size & location: 2 ft dia.; in pit cover, offset 3 ft from
end wall with barn vent intakes and 20 ft
from front sidewall (ventilation air
directed downwards)

Barn Fans

eInitial pit gas concentrations:

H,S- 120 ppm CO,- 70,000 ppm
CH,- 85,000 ppm  NH;- 300 ppm
Pit fan intake air: Mixture of fresh air and

exhausted pit gases (recirculation)

Pit Fan
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Slotted cover, parallel flow
Next: Demonstration of Online Tool for this Case

Plan View of Pit + Barn

— Barn Airﬂow

Section View of Pit + Barn
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Step 1: Open online tool in web browser.

ﬁ Ventilati on gk

€ ? q https: //ventde5|gn agsafety.psu.edu
PENNSTA

% College of Engineering

Confined-Space Manure

Ventilation Design Tool

Welcome to the Penn State College of Engineering Confined-Space Ventilation Design Tool

This is an online tool that manure pit designers

and field engineers can use to predict how long a
confined-space ma
ventilated before it
through the animal
also simulated, and can be used to determine
whether aor not animals need to be evacuated
from the barn during pit ventilation.

Click here for more information about this online
tool

Click here to login

If you do not yet have an account, apply for one
by clicking the link below.

Click here to apply
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Step 2: Log in to online tool.

@ hitps:/fvwengrpsued. x

https://ventdesign.agsafety.psu.edu
PENNSTA Confined-Space Manure

E College of Engineering Ventilation Design Tool

?ReturnUrl=%2fVentilationDesign%2fsecured%2 7 v OO =

Welcome to the Penn State College of Engineering Confined-Space Ventilation Design Tool

Please enter your email address and password below.

Email Address:
user@email.com

Pasword:
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Step 3: Home page.

@ Ventilation Design Tool %
https://ventdesign.agsafety.psu.edu
PENNSTA Confined-Space Manure

E College of Engineering Ventilation Design Tool

You are logged in as user@email.com (Logout)

w B E

Ventilation Design Penn State College of Engineering Confined-Space Manure Ventilation Design Tool

Home

Create new CED study Welcome, User. This is your 1st visit.

View Results

Edit Account Info . . .
Infermation about this online tool

Leave Feedback
Logout Create new CFD study

View results / Edit studies

Edit Account Info

Leave Feedback

Logout
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Step 4: Creating a new study.

@ Ventilation Design Tool % §

https://ventdesign.agsafety.psu.edu
PENNSTA Confined-Space Manure

E College of Engineering Ventilation Design Tool

You are logged in as user@email.com (Logout)

ew-cfd-study.aspx =

Ventilation Design Create a new CFD Study

You can create a new study by entering the information below or you can copy data from an old study. Click here to

Home copy an old study or fill in the information below to get started.

Create new CFD study

Project Name
View Results 1

Edit Account Info My Tunnel Ventilated Bam above a Full Sized Manure Pit @

Description Project name is required!

Leave Feedback

Logout

A

Other details are optional,

Address

L Scroll down to select pit and barn types.
Line 2

City , State | -Select a state—- ¥ | Zip
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Step 5: Selecting type of pit and barn.

@ Ventilation Design Tool % §

https://ventdesign.agsafety.psu.edu

Type of animal Milking Cow Dry Cow
Mumber of animals

ew-cfd-study.aspx =

Heifer Swine
of each type this pit handles

Average animal weight, |bs for each type

f beddi d i i
Type(s) of bedding use Manure productlon and bedd|ng

details are optional.

Check all that apply

Sawdust
Sand

Manure Solids
Gypsum
Other

Choose pit type

® Rectangular

Choose barn type

No Barn Information
Cross Ventilated

Naturally Ventilated Select Tunnel Ventilated for
E‘I’unnel Ventilated <: the barn type_

 Continue to pit and barn data — | <— Click here to continue

Penn State Extension




Step 6: Enter pit fan CFM and pit dimensions.

W Ventilation Design Tool %

https://ventdesign.agsafety.psu.edu
PENNSTA Confined-Space Manure

E College of Engineering Ventilation Design Tool

You are logged in as user@email.com (Logout)
Create a new CFD Study: Pit Data

Caution: Input boxes are populated with non-zero default values. Be sure to change these values
for your particular configuration!

v-cfd-study-pit-data.aspx?header=941 wa =

Ventilation Design

Home

Create new CFD

View Results

Edit Account Info | Check Contraints | | Generate Preview | | Save New Study

Leave Feedback

Pit Geometry
Logout H

Pit Fan CFM
Ri .10" SP (enter a value from 1,000 tc 10,000 CFM in 500 CFM increments)

Enter pit fan flow rate here.

Pit Fan Inlet Duct
[Houcted resh air nlet Check this box for ducted fresh air.

Initial Gas Concentration Inside Manure Pit

Scroll down to

ydrogen Sulfide. ppm )
120 continue
[roooo. | You can change initial pit gas

concentrations here.

300 1 -
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Step 6: Enter pit fan CFM and pit dimensions.

W Ventilation Design Tool %

https://ventdesign.agsafety.psu.edu
PENNSTA Confined-Space Manure

E College of Engineering Ventilation Design Tool

You are logged in as user@email.com (Logout)

v-cfd-study-pit-data.aspx?header=941 wa =

Ventilation Design Create a new CFD Study: Pit Data

Caution: Input boxes are populated with non-zero default values. Be sure to change these values

Home . . .
for your particular configuration!

Create new CFD study

View Results

Edit Account Info | Check Contraints | | Generate Preview | | Save Mew Study |

Leave Feedback

__| Pit Geometry

Logout

Rectangular Tank Dimensions ScrOI I down tO

’r\uar Thirlpocc ‘ Q-\‘ﬁw:@l —Fit Ink=t f_-- continue

0 " 6 " ; ‘-_ ! if Cower
’ l}rlonorn I O ‘" E_;:% Fit Outict
(40 [0 § — "

o ' Py
s 0 I z

(%.¥.2] = (0,0,0)

Tanlad My ioee -
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Step 7: Enter pit fan inlet dimensions.

@ Ventilation Design Tool % %

% } e-new-cfd-study-pit-data.aspx?header=1139 5% O @ =
. https://ventdesign.agsafety.psu.edu -
PENNSTA

Confined-Space Manure
E College of Engineering Ventilation Design Tool

You are logged in as user@email.com (Logout)

Ventilation Design Create a new CFD Study: Pit Data

Home Caution: Input boxes are populated with non-zero default values. Be sure to change these values
for your particular configuration!

Create new CFD study

View Results

Edit Account Info | Check Centraints | | Generate Preview | | Save New Study |

Leave Feedback

__ Pit Geometry Barn Fans are located
Inlet Dimensions at thlS end -

D Inlet Diameter

Lz 0
[[o7 o

Logout

Quitet 1___. Quilst 1
X Offset ¥ Length

/—Ouﬂe'r 1 ll-—Ouﬂei 2

Qutlet 2
¥ Length

- £
=
20 0 oe
b = —
. 3
' - ]
B Airfl
arn Airflow /.
2= o=
29 50
O = O -
-——— Pit X Length
Origin (0,0 =
iad=t 2 Cutlet 2
X Offsed X Lengin
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Step 8: Uncheck slotted cover.

W Ventilation Design Tool %

http://ventdesign.agsafety.psu.edu
PENNSTA Confined-Space Manure

E College of Engineering Ventilation Design Tool

You are logged in as user@email.com (Logout)

ew-cfd-study-pit-data.aspx?header=941 wa =

Ventilation Design Create a new CFD Study: Pit Data

Caution: Input boxes are populated with non-zero default values. Be sure to change these values

Home . . .
for your particular configuration!

Create new CFD study

View Results

Edit Account Info | Check Contraints | | Generate Preview | | Save New Study

Leave Feedback

Pit Geometry
Logout o "

Ducted Fan Outlet

Pit Fan Discharge Elbow

Outlets Check this box since we have
[Fsiotted cover a slotted cover.
4 Slotted Cover Region 1 ot T
X Offset ' ) —— - i i)
Y’ éﬁ t 2 ‘ "R & e
se
’ 1 ' 10 ‘“ acin
X Length R
21 S
¥ Length
4 "0 ¥
X Width
!oI 4 ) £ £
Angle I
;:
Multiple Slots = B =
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Manure Pit Cover Details

40 ft Slotted Region 1 (40 ft by 100 ft

Pit Fan

2in \:-i)l

6in I
Penn State Extension

Barn Vent
Air Intake

Slotted Floor Detail

l



Step 8: Enter slotted cover dimensions.

@ Ventilation Design Tool = &Y
L . w-cfd-study-pit-data.aspx?header=1115 [
https://ventdesign.agsafety.psu.edu |~ = =7 s -
PENN Confined-Space Manure
College of Engineering Ventilation Design Tool

You are logged in as user@email.com (Logout)

Ventilation Design Create a new CFD Study: Pit Data

Caution: Input boxes are populated with non-zero default values. Be sure to change these values

Home . . .
for your particular configuration?!

Create new CFD study

View Results

Edit Account Info | Check Contraints | | Generate Preview | | Save New Study

Leave Feedback

Pit Geometry | Barn Geometry | Pit+Barn Location

Logout SIOTTeEd LOVEr Angle -

- e

[¥|Slotted Cover Region 1 ¥ Width #l'.

Offset " X Oftseh 1 e 2 :-'.I'| £ Slots
oo e
[ |
i
b X ipacing

Check this b
Multiple slot

Slotted Cover ﬁegion 2
Slotted Cover Region 3
Slotted Cover Region 4 =
Slotted Cover Region 5 L

H =

ikl 41 Miira s ine

1" ¥ Length
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Step 8: Enter additional slotted cover regions as needed.

@ Ventilation Design Tool % §

https://ventdesign.agsafety.psu.edu
PENNSTA Confined-Space Manure

E College of Engineering Ventilation Design Tool

You are logged in as user@email.com (Logout)

ew-cfd-study-pit-data.aspx?header=1115 = =

Ventilation Design Create a new CFD Study: Pit Data

Caution: Input boxes are populated with non-zero default values. Be sure to change these values

Home . . .
for your particular configuration!

Create new CFD study

View Results

Edit Account Info | Check Contraints | | Generate Preview | | Save New Study

Leave Feedback

Pit Geometry __ | Barn Geometry | Pit+Barn Location

Logout ¥ siottea Cover Angle -
#Slotted Cover Region 1 s
¥ Offset ¥ Oifset — 1|
1 "2 o 1.2,3.“5@9
Y Offset u
1 " 10 "
™ 7 Kspacin
X Length e
21 " 10 "
Y Length
4 Ll D n
¥ Width
0 n " L
Angle
10 When to check slotted
¥ Multiple Slots .
X Spacing Reglon 2, 3, 4,or5

0 "8 "
Dslotted Cover Region 2
Slotted Cover Region 3
Slotted Cover Region 4
Slotted Cover Region 5

Tank ¥ Length

Slal
i Ciffset
4
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Manure Pit Cover Details

N
N
10 ft Slotted Region 2 (10 ft by 100 ft
X
X
10 ft Slotted Region 1 (10 ft by 100 ft
\\4
N
5 ft /
\\4 \\4
Pit Fan

Penn State Extension



Step 9: Enter barn fan CFM and barn dimensions.

@ Ventilation Design Tool % §

- = https://ventdesign.agsafety.psu.edu

Ventilation Design Create a new CFD Study: Pit Data

Caution: Input boxes are populated with non-zero default values. Be sure to change these values
for your particular configuration!

ew-cfd-study-pit-data.aspx?header=1108 = =
VETILIIGLIUIT ESIYIT TUuUT
You are logged in as user@email.com (Logout)

Home

Create new CFD study

View Results

Edit Account Info | Check Contraints | | Generate Preview | | Save New Study

Leave Feedback

| Pit Geometry — Barn Geometry | Pit+Barn Location
Logout a

Barn Fan CFM
_ v el Barn Fans are located
at this end

Tunnel Ventilated Ba

T

ikt
110 ‘[0 I
100 10 F
u:lrn ANTdTaid
20 jlo__J]| |.
Outiet Eng Oneet EE
1 o .
Inlet End Offset 7
11 [0 ¥
Inlet Wall Height
1 [0 ¥
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Step 9: Enter barn fan CFM and barn dimensions.

@ Ventilation Design Tool % §

- = https://ventdesign.agsafety.psu.edu

Ventilation Design Create a new CFD Study: Pit Data

Caution: Input boxes are populated with non-zero default values. Be sure to change these values
for your particular configuration!

ew-cfd-study-pit-data.aspx?header=1108 = =
VETILITGLIUIT ESIYTT TUUl
You are logged in as user@email.com (Logout)

FY

Home

Create new CFD study

View Results

Edit Account Info | Check Contraints | | Generate Preview | | Save New Study

Leave Feedback

__| Pit Geometry __| Barn Geometry | | Pit+Barn Location

Logout "
s Barn Fan CFM

Total Barn Fan CFM @ 0.10" SP

55000

Tunnel Ventilated Barn Dimensions Note: ThiS image can be found
Eave Height .

0 |0 | by scrolling down
X Barn Length

’100 ' 0 i | Cutlet End Outlet End Cutlet End

Y Barn Width Difset Offset Offsef

140 i) "

Cutlet End Ofcet

1 ‘[0 " N

BIet Ena onset Ygl T

1 o =9 %
Inlet Wall Height =

Qutlet
’1 |0 " Opening—
Barn Width -

4 3

Penn State Extension




ﬁ Ventilation Design Tool

= https://ventdesign.agsafety.psu.edu

Step 9: Enter barn fan CFM and barn dimensions.

x 4 )

ew-cfd-study-pit-data.aspx?header=1108 =

VETILITGLIUIT ESIYTT TUUl
You are logged in as user@email.com (Logout)

FY

Ventilation Design

Home

Create a new CFD Study: Pit Data

Caution: Input boxes are populated with non-zero default values. Be sure to change these values

Create new CFD study

for your particular configuration!

View Results

Edit Account Info

Leave Feedback

Logout

| Check Contraints | | Generate Preview | | Save New Study
__| Pit Geometry __| Barn Geometry | | Pit+Barn Location
Barn Fan CFM -

Total Barn Fan CFM @ 0.10" SP

55000

Tunnel Ventilated Barn Dimensions

Note: This image can be found
Eave Height

10 o I by scrolling down
X Barn Length

1100 0 I Inlat End Inlet End Inlet End
¥ Barn Width Offset =, 18 Offset
40 o T -
Qutlet End Offset

1 ‘|0 I
ol Eod Offcot
1 0 I

) =0 W= = =Y Y

F ]

-

Inket Wall
Height

Inlet
Opening

= Ecive Height

Barn Widih
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Step 10: Enter Pit+Barn location dimensions.

@ Ventilation Design Tool % §

https://ventdesign.agsafety.psu.edu
PENNSTA Confined-Space Manure

E College of Engineering Ventilation Design Tool

You are logged in as user@email.com (Logout)

ew-cfd-study-pit-data.aspx?header=1115 = =

Ventilation Design Create a new CFD Study: Pit Data

Caution: Input boxes are populated with non-zero default values. Be sure to change these values

Home . . .
for your particular configuration!

Create new CFD study

View Results

Edit Account Info | Check Contraints | | Generate Preview | | Save New Study |

Leave Feedback

__| Pit Geometry __| Barn Geometry __| Pit+Barn Location

Logout

Tunnel Ventilated Barn with Rectangular Tank

o Manure Pit
0 [0 I
0 [0 I

Penn State Extension




Step 10: Enter Pit+Barn location dimensions.

@ Ventilation Design Tool % §

. = https://ventdesign.agsafety.psu.edu

Ventilation Design Create a new CFD Study: Pit Data

Home Caution: Input boxes are populated with non-zero default values. Be sure to change these values
for your particular configuration!

ew-cfd-study-pit-data.aspx?header=1115 = =
VETILITGLIUIT ESIYTT TUUl
You are logged in as user@email.com (Logout)

FY

Create new CFD study

View Results

Edit Account Info | Check Contraints | | Generate Preview | | Save New Study |

Leave Feedback

Pit GE‘DITiEtI",’ Barn GE'I:?II'I'IE‘tI")lr Pit+Barn Location
Logout "
Giarr
.’,-’ Cutline
2 - B aiflow
e direction
£ &
=
= i
E
=
5 Fit ¢
2 Crigin (0.0} —
o
s
= /_Equ' 0.0
/ rigin (0,0}
Pl X Ofsst Fit X Length
- Barn Length -
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Step 11: Click “Check Constraints” to check your input for errors.

@ Ventilatiy

ew-cfd-study-pit-data.aspx?header=1115 e O @ =

PENNSIATE Click the Check Constraints button to | Confined-Space Manure

. Ventilation Design Tool
ChECk yOLlr |nput for errors. re logged in as user@email.com (Logout)

Ventilation Design

Home

Create new CFD study

View Results

Edit Account Info | Check Contraints | I| Generate Preview | | Save New Study ||

Leave Feedback
Pit+Barn Location

__| Pit Geometry ___| Barn Geometry

Logout

Tunnel Ventilated Barn with Rectangulaf\Tank

Pit ¥ Offset .
0 "o " Generate Preview or Save New Study
Pit ¥ Offset

0 o ’ will also check your input for errors.

Penn State Extension




Step 11: Click “Check Constraints” to check your input for errors.

College of Engineering

e-new-cfd-study-pit-data.aspx?header=1115 3¢ 1 @

Confined-Space Manure
Ventilation Design Tool

You are logged in as user@email.com (Logout)

Create a new CFD Study: Pit Data

Ventilation Design

Home

for your particular configuration!
Create new CFD study

View Results

Caution: Input boxes are populated with non-zero default values. Be sure to change these values

Edit Account Info | Please wait while checking constraints... |

| Generate Preview |

| Save New Study

Leave Feedback

__| Pit Geometry Barn Geometry

Pit+Barn Locaftion

Logout

Tunnel Ventilated Barn witl

Working...
Pit X Offset a;:;o
|D " D o o
Pit Y Offset
|D " 0 "

| »
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Step 11: Click “Check Constraints” to check your input for errors.

ew-cfd-study-pit-data.aspx?header=1115 ve 0 @

Confined-Space Manure
Ventilation Design Tool

You are logged in as user@email.com (Logout)

College of Engineering

Ventilation Design Create a new CFD Study: Pit Data

Caution: Input boxes are populated with non-zero default values. Be sure to change these values

Home . . .
for your particular configuration?!

Create new CFD study

View Results

Edit Account Info | Check Contraints | | Generate Preview | | Save New Study |

Leave Feedback

__| Pit Geometry __| Barn Geometry __ | Pit+Barn Location

Logout

Tunnel Ventilated Barn with Rectangular Tank

Pit X Offset
D L D "
No Constraints

Pit ¥ Offset
0 "0 )
No Constraints
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Step 12: Click “Generate Preview” to create a 3D PDF for review.

College of Engineering

ew-cfd-study-pit-data.aspx?header=1115 ve 0 @

Confined-Space Manure
Ventilation Design Tool

You are logged in as user@email.com (Logout)

Ventilation Design

Home

Create new CFD study

View Results

Edit Account Info

Leave Feedback

Logout

Create a new CFD Study: Pit Data

Caution: Input boxes are populated with non-zero default values. Be sure to change these values
for your particular configuration?!

| Check Contraints |

| Generate Preview |

| Save New Study |

__| Pit Geometry |

Pit X Offset
0 "0
No Constraints
Pit ¥ Offset
0 "0
No Constraints

Barn Geometry

Tunnel Ventilated Barn with Rectangular Tank

Pit+Barn Locaftion
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Step 12: Click “Generate Preview” to create a 3D PDF for review.

Confined-Space Manure
Ventilation Design Tool

You are logged in as user@email.com (Logout)

College of Engineering

Ventilation Design Create a new CFD Study: Pit Data

Caution: Input boxes are populated with non-zero default values. Be sure to change these values

Home . . .
for your particular configuration?!

Create new CFD study

View Results

Edit Account Info | Check Contraints | || Please wait while input files for the preview are generated... || | Save New Study |

Leave Feedback

__| Pit Geometry __| Barn Geometry __ | Pit+Barn Location

Logout

Tunnel Ventilated Barn with Rectangular Tank

Pit X Offset
D L D "
No Constraints

Pit ¥ Offset
0 "0 )
No Constraints

Waiting for www.engr.psu.edu... -

Penn State Extension




Step 12: Click “Generate Preview” to create a 3D PDF for review.

ew-cfd-study-pit-data.aspx?header=1115 ve 0 @

Confined-Space Manure
Ventilation Design Tool

You are logged in as user@email.com (Logout)

College of Engineering

Ventilation Design Create a new CFD Study: Pit Data

Caution: Input boxes are populated with non-zero default values. Be sure to change these values

Home . . .
for your particular configuration?!

Create new CFD study

View Results

Edit Account Info There is a preview for the pit+barn data being prepared.
| Lheck L-ontraints | | Laenerate Freview | | 2dave New otudy |

Leave Feedback

Logout __| Pit Geometry Barn Geometry Pit+Barn Location

Tunnel Ventilated Barn with Rectangular Tank

Pit X Offset
0 an "
No Constraints

Pit ¥ Offset
0 "0 "
No Constraints

Penn State Extension




Step 13: Click “View Pit+Barn Preview” to review a 3D PDF for your model.

e O @

ew-cfd-study-pit-data.aspx?header=1115

Confined-Space Manure
Ventilation Design Tool

You are logged in as user@email.com (Logout)

College of Engineering

Ventilation Design Create a new CFD Study: Pit Data

Caution: Input boxes are populated with non-zero default values. Be sure to change these values

Home . . .
for your particular configuration?!

Create new CFD study

View Results

Edit Account Info View Pit+Barn Preview
[ Check Contraints | | Generate Preview | | Save New Study |

Leave Feedback

Logout __| Pit Geometry Barn Geometry Pit+Barn Location

Tunnel Ventilated Barn with Rectangular Tank

Pit X Offset

0 an "
Pit ¥ Offset

0 "0 "
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Step 14: Save or open PDF file.

& Ventilation Design Tool % ' @ Ventilation Design Tool  x § Y

https://ventdesign.agsafety.psu.edu

iew.aspx?path=1115%2fPitBarnPreview e O @ =

Enable 3D View

Bllaa e

If the PDF does not display correctly above a link directly to the PDF if provided below.

3-d Preview PDF

Penn State Extension




Step 14: Save or open PDF file.

& Ventilation Design Tool % ' @ Ventilation Design Tool  x § Y

https://ventdesign.agsafety.psu.edu

iew.aspx?path=1115%2fPitBarnPreview e O @ =

Enable 3D View

Open link in new tab

Open link in new window m q Q B g

Open link in incognite window

:

Copy link address
If the PDF d¢ 2 a link directly to the PDF if provided below.

Inspect element
3-d Preview PoT

Penn State Extension




Step 14: Viewing the PDF file.

@ TunnelVentilatedBarnWithRectangularTank_Rev 3D0.pdf - Adobe Reader |i”i|l__§§_|
File Edit View Window Help *
[ open |@ﬁ}@@|ﬁ%| ; f1|—+|ﬁ|(§)@|;;j TonlséFiII&SignéCnmment
' » Export PDF =
You can zoom, rotate, hide or objects or make them transparent, > Create PDF
o v Edit PDF
and even change the display style of the model: SR -
| Start Now

e Zoom using the center
mouse wheel.

e Rotate the model by
clicking the left mouse
button and dragging
across the screen.

e Left-click an object to
select it, then Right-click
for viewing options.

e Close Adobe Reader to
exit when finished.

Penn State Extension



Viewing the 3-D Image of the Manure Pit from
Supplemental Results Files (Optional)

* Go to the website https://ventdesign.agsafety.psu.edu

* Click on “Supplemental Results Files”
e Select “Module 3”

* Select “Rotating 3D TV Preview.avi”

* Return to this Workshop Module and Resume the Workshop Presentation



https://ventdesign.agsafety.psu.edu/

Step 15A: How to go back to make changes before saving the study.

@ Ventilation Design Tool ~ x %\
https://ventdesign.agsafety.psu.edu
PENNSTA Confined-Space Manure

College of Engineering Ventilation Design Tool

You are logged in as user@email.com (Logout)

ew-cfd-study-pit-data.aspx?header=1115 w O @

Ventilation Design Create a new CFD Study: Pit Data

Caution: Input boxes are populated with non-zero default values. Be sure to change these values

Home . . .
for your particular configuration?!

Create new CFD study

View Results

Edit Account Info | Check Contraints | | Generate Preview | | Save New Study |

Leave Feedback

Pit Geometry | Barn Geometry | Pit+Barn Location

Logout

Tunnel Ventilated Barn with Rectangular Tank

Pit X Offset

0 [0 il
You can go back and make changes at any time

before Saving the study if you are not satisfied
with your Preview.

Penn State Extension




Step 15A: How to go back to make changes before saving the study.

@ Ventilation Design Tool ~ x %\
https://ventdesign.agsafety.psu.edu
PENNSTA Confined-Space Manure

College of Engineering Ventilation Design Tool

You are logged in as user@email.com (Logout)

ew-cfd-study-pit-data.aspx?header=1115 e () ':’&‘; =

Ventilation Design Create a new CFD Study: Pit Data

Caution: Input boxes are populated with non-zero default values. Be sure to change these values

Home . . .
for your particular configuration?!

Create new CFD study

View Results

Edit Account Info | Check Contraints | | Generate Preview | | Save New Study |
l-

Leave Feedback 1
Pit Geometly Barn Geometry I P|t+Barn Location ,

Logout ] | e e e ey e [ — [
Tunnel Veltilated Barn wjth Rectangular Tan
Pit X Offset / i
|0 I' |0
KI'he current tab is highlighted light blue.
You can navigate to the other input sections to
make changes at any time before Saving the

study by clicking on them.
\No changes can be made after Saving the study.

Penn State Extension




Step 15B: Click “Save New Study” to save and run the simulation.

ew-cfd-study-pit-data.aspx?header=1115 ve 0 @

Confined-Space Manure
Ventilation Design Tool

You are logged in as user@email.com (Logout)

College of Engineering

Ventilation Design Create a new CFD Study: Pit Data

Caution: Input boxes are populated with non-zero default values. Be sure to change these values

Home . . .
for your particular configuration?!

Create new CFD study

View Results

Edit Account Info | Check Contraints | | Generate Preview | | | Save New Study |

Leave Feedback

__| Pit Geometry __| Barn Geometry __ | Pit+Barn Location

Logout

Tunnel Ventilated Barn with Rectangular Tank

Pit X Offset
D L D "
No Constraints

Pit ¥ Offset
0 "0 )
No Constraints
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Step 15B: Click “Save New Study” to save and run the simulation.

@ Ventilati{

https://ventdesign.agsafety.psu.edu

ew-cfd-study-pit-data.aspx?header=1115 w O @

x
PENNSTATE The page at https://www.engr.psu.edu says: Conﬂned-Space Manure
¥y . . - - -
College of Engineerin Ventilation Design Tool
Are you sure you want to save this study and generate You are logged in as user@email.com (Logout)
results?

Ventilation Design Cancel

Home Caution: Input Iles. Be sure to change these values
for your particut =

Create new CFD study

View Results

Edit Account Info | Check Contraints | | Generate Preview | | Save New Study |

Leave Feedback

__| Pit Geometry __| Barn Geometry __ | Pit+Barn Location

Logout

Tunnel Ventilated Barn with Rectangular Tank

Pit X Offset
D L D "
No Constraints

Pit ¥ Offset
0 "0 )
No Constraints

Penn State Extension




Step 16: Simulation is running...

W Ventilation Design Tool %
https://ventdesign.agsafety.psu.edu
PENNSTA Confined-Space Manure

E College of Engineering Ventilation Design Tool

You are logged in as user@email.com (Logout)

w-cfd-study-thankyou.aspx v = =

Ventilation Design Penn State College of Engineering Confined-Space Ventilation Design Tool
Home
Create new CED study Your study has been generated and saved

for processing. You will be notified when

View Result . .
A your results are available by the email

Edit Account Info address in your profile. Please make sure
Leave Feedback this information is up to date.
Logout

Solving will take anywhere from 30 minutes to
a few hours or longer depending on the size
and complexity of your model. After email
notification, you can log in and view the
simulation results.

Penn State Extension




Step 13: Login, click “View your results” link.

@ Ventilation Desi

< C #f

gnTool x % %

https://ventdesign.agsafety.psu.edu

PENNSATE Confined-Space Manure
College of Engineering Ventilation Design Tool

You are logged in as user@email.com (Logout)

e O @

Ventilation Design Penn State College of Engineering Confined-Space Manure Ventilation Design Tool
Home
Create new CFD study Welcome back, User. This is your 11th

: visit.
I View Results I
Edit Account Info
Leave Feedback Information about this online tool

Logout

Create new CFD study

View results / Edit studies

Edit Account Info

Leave Feedback

Logout

Penn State Extension




Step 17: Click “View Results” button.

@ Ventilation Design Tool ~ x %\
https://ventdesign.agsafety.psu.edu
Confined-Space Manure

College of Engineering Ventilation Design Tool

You are logged in as user@email.com (Logout)

-results.aspx k() ;@ =

Ventilation Design
Original
Home Submission
Create new CFD study Name Status Date
v;ew Results f Result | Review Study
Edit A tI
Account Info My Stand-alone Pit SSNTS AT 4/22/2015 | View Results |
Leave Feedback ready Delete
Logout
. Review Stud
My Tunnel Ventilated Barn above a Full Results are 4/24/2015
Sized Manure Pit ready SV RESULS |

Delete

Penn State Extension




Step 18: Expand the results folder.

@ Ventilation Design Tool % §

. ; ults-files.aspx?header=979 8 =
https://ventdesign.agsafety.psu.edu F =
PENNSTATE™ Confined-Space Manure
E College of Engineering Ventilation Design Tool
You are logged in as user@email.com (Logout)
Ventilation Design Penn State College of Engineering Confined-Space Ventilation Design Tool
Home To view your results click the [+] sign next to the Results folder below. If you want to download a file click
on the file name.
Create new CFD study
View Results .
# 12 Results @ . .
- Refer to the images below for animated
Edit Account Info -
cut plot color legends and locations:
Leave Feedback (Scroll down for more)
Logout
Volume Fraction of Gas (ppm) Oxygen [%)
100 mm_“”r 40,000 300
an 46,000 36,000 o
a0 40,000 32,000 240 19.5%
r 7o 36,000 28,000 llm
&0 30,000 24,000 180
&0 26,000 20,000 160
a0 20,000 16,000 120 10%
a0 16,000 B 12,000 90
20 10,000 B,000 &0
A0 5,000 4,000 30
a a o 0 %
Hydrogen|| Methane || Carbon ||Ammonia Oxygen
Sulfide Dioxide
(H,5) (CH,) (co,) (NH,) (0,)
Sateat Saleat Safeatl Fateat Safeat
e o I
[ *
& g
& [
:
z = -
o o
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ﬁ Ventilation Design Tool X

PENNSTA

https://ventdesign.agsafety.psu.edu

E College of Engineering Ventilation Design Tool

Step 19: Click results file to download and open.

ults-files.aspx?header=979 =
Confined-Space Manure

You are logged in as user@email.com (Logout)

Ventilation Design

Home

Create new CFD study

View Results

Edit Account Info

Leave Feedback

Logout

Penn State College of Engineering Confined-Space Ventilation Design Tool

To view your results click the [+] sign next to the Results folder below. If you want to download a file click
on the file name.

Click the file name
to open or download
the file.

= 1) Results . .

[ Animation 6in Above Floor CH4 Contours.avi Refer to the images below for animated
: . cut plot color legends and locations:
:.;JAnin\atic-n gin Above Floor CO2 Contours.avi (Scrg" down for I‘I'IDI'E}
_q{|An|mat|c-n gin Above Floor H25 Contours.avi
E‘Jﬁnln\atmn Gin Above Floor NH3 Contours.avi
E‘Jﬁnln\atmn 6in Above Floor 02 Contours.avi Volume Fraction of Gas (ppm) Oxygen (%)
Anlmatlc:-n Front Pit Midplane CH4 Contours,avi 100 5u_.om_“' (o 40,000 300

- ap 46,000 36,000 270

.|An|mat|c-n Front Pit Midplane CO2 Contours.avi 80 40,000 32,000 240 19.5%
t 70 36,000 28,000 Il 210
_.“<|An|n\at|c:-n Front Pit Midplane H25 Contours.avi A 30,000 i =
Anlmatlc:-n Front Pit Midplane NH3 Contours.avi ﬁ ::;g i:x :3 .
Anlmatlc:-n Front Pit Midplane 02 Contours.avi :: ::ﬂ B ;ﬁgg“ ::
Anlmatlc:-n Front Pit Plane Q3 CH4 Contours.avi ;0 g-‘m :-DW 30 -
:.;.Jﬁn'"‘amn Front Pit Plane Q3 002 Contours.avi Hydrogen|| Methane || Carbon ||Ammonia Oxygen
:.;JAnln\atlc-n Front Pit Plane Q3 H2S Contours.avi Sulfide Dioxide
:-;JAnlmatmn Front Pit Plane Q3 NH3 Contours.avi [st} ICHJ |C°a] [NHal |oz]

Sateat Safeat Sateat safe at Safe st

:-;JAnlmatmn Front Pit Plane Q3 02 Contours.avi S m whlo,w 1 orbslow || [ orbeiow I orsbove
:-;JAI"III'I\EIT:IDH Top Midplane CH4 Contours.avi (MIEHY) e [OSHAY) [MGSH*J (MIOSH:) \ {O5HAY)
E‘Jﬁnln\atmn Top Midplane 02 Contours.avi

Anlmatlc-n Top Midplane H25S Contours.avi -
Anlmatlc:-n Top Midplane NH3 Contours.avi

B | Animation Top Midp E ne 02 Contours.avi

gt Plang Q33
ant Midodang
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Step 19: Interpreting results for Pit H,S worksheet.

7 = I= ResultsFilexlsx - Microsoft Excel = = =
Home Insert Page Layout Formulas Data Review View Developer Team & e o e ER
=l & - L. = _ [ = ) ] g@Insert~ X - :
Calibri 11 AN T == B ="'  Number - = ' .
—j ET 5| % —‘ﬂ 3% Delete + | [§] Z L_?a
Paste B JF U~ - $ - 9, 9+ | %0 ;00 Conditional Format Cell o Sort & Find &
- ’ 90 *% | Formatting - as Table - Styles ~ fEiFormat~ | 2~ Filter~ select~
Clipboard = Font l Alignment l Mumber l Styles Cells Editing
o1 - Fe v
A B C D E F G H I il K L M N 0] :
1 |Hydrogen Sulfide Gas Decay Data for User Defined Confined-Space Manure Storage
ST TR S 21346141 L
H2S_T1ppm reached at 286 seconds
—— THIS IS NOT AT A SINGLE POINT
6 Time Pit H2S
7 - - - (seconds) (ppm)
2 Maximum Concentration of Hydrogen Sulfide 1 120.0
9 Anywhere Inside the Manure Storage 2 120.0
10 3 120.0
1 140 ' ' 4 120.0
12 ! ! 5 120.0
1 1
13 120 : : 6 120.0
14 ; ; 7 120.0
15 i i 8 120.0
16 100 1 L 9 120.0
17 ! ! 10 120.0
1 1
18 ; ; 11 120.0
19 80 i i 12 120.0
20 i i 13 120.0
21 ! ! 14 120.0
2 0 ; ; 15 120.0
23 ; ; 16 120.0
bl 0 i i 17 120.0
25 ! ! 18 120.0
26 ! ! 19 120.0
1 1
27 20 B | . 20 120.0
28 b 1PEl .T(l pplll) 21 120.0
29 ; . 2 120.0
30 0 F—————— — — 5 T — " = | 23 120.0
o o 50 100 151 ® 200 250 28600 350 400 24 120.0
2 25 1200
> 1 7 Bam CHe - AFETNVWATAREW Pic NH3  APIECOZY PRCHY PitH2s | ©J 4] g [0
Ready | 73 | |[ETDm 100% (=) Iy )
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Step 20: Interpreting results for Barn H,S worksheet.

FI= u - |5 ResultsFilexlsx - Microsoft Excel = = =
Home Insert Page Layout Formulas Data Review View Developer Team & e o ER
= % - = = . *j 7 7 = Insert - - }?
_j By - Calibri = Mumber S %Eﬁ _L;‘ﬂ 3K Delete Iﬂ ; 7 \?a
A LS = B s % o || S T e | 20 e S
Clipboard = Alignment Fl Mumber Fl Styles Cells Editing
o1 - I v
A B C D E F G H 1 J K L M N D 7
II Hydrogen Sulfide Gas Decay Data for User Defined Barn above Confined-Space Manure Storage :|
i i 07 -45-19 =
5 [Animals and personnel MUST be removed from the barn prior to manure pit ventilation Maximum
6 Time  Barn H2S
7 Maximum Concentration of Hydrogen Sulfide (seconds)  (ppm)
8 . 1 86.1
5 Anywhere Inside the Barn 5 1152
10 140 ' 3 118.3
- IS IS NOT AT A SINGLE POINT T
12 | 5 119.4
13 120 ___________ Hinhiniinb i 6 119_6
14 . 7 119.7
15 ! g 119.8
16 SO0 9 119.8
17 = 10 119.9
18 S 11 119.9
19 E 12 119.9
20 ' 13 119.9
21 HE: 14 119.9
22 3 15 119.9
23 16 119.9
24 40 17 119.9
25 18 119.9
26 19 119.9
27 20 20 119.9
28 21 119.9
29 ER S 22 119.9
(1] T —T " T 1
30 (1] 50 100 LnlSD 200 250 300 350 400 23 115.9
31 (98] 24 119.9
32 —i 25 119.9 =
W < i WESTREGEI Barn NH3 _ /BamCO2 Barn CH4 [ Bam H2s &ITAFIY pit NH3  PECOZ | < | i | [
Ready | P | |[EEE m 100% (=) . )
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Step 21A: Viewing results for Pit O, worksheet.

7 = I= ResultsFilexlsx - Microsoft Excel = = =
File Home Insert Page Layout Formulas Data Review View Developer Team & e o e ER
=% _ . A == . =; . *j b 7 g=lnsert~ X - }V :

J g2 Calibri 11 A A =| ¥ ="'  Number S % _’_;‘ﬂ 3 Detete + E 7 L_?a
g B U oA SEEEE S s 0 (WA S g oo SuS D0
Clipboard = Font l Alignment l Mumber l Styles Cells Editing
01 - Fx i
A R C D F F G H 1 1 K L M N o

;l Oxygen Replenishment Data — Manure Pit B

3 02_Tpel reached at 184 seconds

a

5 Minimum

6 Time Pit 02

7 (seconds) (ppm)

8 Minimum Concentration of Oxygen 1 3.7

190 Inside the Manure Storage j ii

11 250000 a 4.5

12 5 4.6

13 6 4.6

14 7 4.7

15 200000 8 4.8

16 9 4.8

17 10 4.9

18 T 1 5.0

19 & 150000 12 5.0

20 H 13 5.1

n| | E 14 5.1

2 E <0000 15 5.2

23 3 16 5.3

24 17 5.3

25 18 5.4

26 50000 19 5.5

27 20 5.6

28 21 5.7

29 22 5.8

30 T i i i i i i ! 23 5.9

31 0 50 100 150 200 250 300 350 400 24 6.0

32 Time (seconds) 25 6.1

33 26 62 ¥

R Barn NH3 /B CO2"  Barn CH4 AETGETFSP _Pit 02 Pit NH3  APECOZ| |4 | i | v

Ready | 3 | |[EEm 100% () V] )
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Step 25: Click results file to download and open.

@ Ventilation Design Tool % §

http://ventdesign.agsafety.psu.edu
PENNSTA Confined-Space Manure

E College of Engineering Ventilation Design Tool

You are logged in as user@email.com (Logout)

sults-files.aspx?header=979 = =

Ventilation Design Penn State College of Engineering Confined-Space Ventilation Design Tool

To view your results click the [+] sign next to the Results folder below. If you want to download a file click

Home )
on the file name.

Create new CFD study

View Results S £ Resuts

. oy
Edit Account Info Bl | animation sin Above Floor CH4 Contours.avi

Refer to the images below for animated
cut plot color legends and locations:
Leave Feedback E|Anin\atic:-n Gin Above Floor CO2 Contours.avi (Scr[)" down for |‘|'|[)re}

_"{
|An|mat|c-n gin Above Floor H25 Contours.avi
Logout s
E‘Jﬁnln\atmn Gin Above Floor NH3 Contours.avi
E‘Jﬁnln\atmn 6in Above Floor 02 Contours.avi Volume Fraction of Gas (ppm) Oxygen (%)
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Step 26: Viewing the animated cut plot and using the correct color legend.

@ Ventilation Design Tool % §

http://ventdesign.agsafety.psu.edu
PENNSTA Confined-Space Manure

E College of Engineering Ventilation Design Tool

You are logged in as user@email.com (Logout)

sults-files.aspx?header=979 0 =

Ventilation Design Penn State College of Engineering Confined-Space Ventilation Design Tool

Home To view your results click the [+] sign next to the Results folder below. If you want to download a file click
on the file name.

Create new CFD study

View Results
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6" Above Eloor Example animated results for H,S

Front Plane Q3

Top Midplane Front Midplane
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Viewing ALL the TV Example Results from the
Supplemental Results Files (Optional)

*Go to the website https://ventdesign.agsafety.psu.edu

Click on “Supplemental Results Files”
*Select “Module 3”

*Select “Results Files” to view decay curves or the desired cut plot
animation(s)
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http://ventdesign.agsafety.psu.edu/

All optional pit features can
be added to this very

simple example

 Pumpout annexes
e Divider walls

e Obstructions

e Etc.

Penn State Extension



ONLINE WORKSHOP
https://ventdesign.agsafety.psu.edu

Introduction and Logistics

Module 1: Overview

Module 2: Standalone Manure Pits

Module 3: Tunnel-Ventilated Barns above Manure Pits
Module 4: Cross-Ventilated Barns above Manure Pits
Module 5: Student Project 1

Module 6: Naturally-Ventilated Barns above Manure Pits
Module 7: Student Project 2

= 7} Penn State Extension


https://ventdesign.agsafety.psu.edu/

ONLINE TOOL FOR DESIGNING
VENTILATION SYSTEMS TO REDUCE
MANURE PIT ENTRY RISK

Questions or comments?

|=
D
Q.
c

) & B -
_! "‘:% Penn State Extension


mailto:hmanbeck@engr.psu.edu
mailto:djm13@engr.psu.edu
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