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Basis for ventilation rate design and selection
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Differentiating ventilation design and management
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Design Operation
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Outdoor air temperature — @
@ Measurement and observation
diameter X X number of fans = design MV Adjust ventilation system based on
& environment and animal feedback
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Factors for considering filtration 3%

considerations are still needed
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Longevity Pig needs
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* Fairly well-established that filtration works, but numerous
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In more detail, key ventilation system factors S

EEH G, SRMBRRLEE

Air exchange rates and
Air distribution patterns Ventilation fans requirements per animal Attic air intake

AN TTER i AR 15 B R A A B PR
sk

Pit transitions and
annexes

5% T 3 IR Y e 1 it

Fan staging Supplemental cooling Controller understanding
XU 53 B B #h TR A T3 i) A B

What types of ventilation
system facilitates filtration

Static pressure effects on MERV16 vs. MERV14

the ventilation system MERV16FIMERV 1484
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Filtration basics

K:ﬁgﬁﬁfﬂ%ij

* Objective of filters is to capture and retain the particulate entering the farm before it can be
respired by the pigs

o LPEARH H B ERE PR B 2R I OR B 2R N HE 1 UL )

* Do not catch the individual virus, rather the particle they adhere to for travel

« NELHITEATREE, 1 PR BN 5 B9 2R

« Common swine virus and pathogen aerosol sizes: 5 W& 5 25 A998 JE AR B S R /)N -

» Swine Influenza Virus: 0.080 - 0.120 micron TR 7. 0.080 - 0.120%CK

« PRRSV: 0.050 - 0.065 micron PRRSV: 0.050 - 0.065%4CK

« Porcine Circovirus (PCV2): 0.0017 - 0.0022 micron %4 [@*k#E2%4 (PCV2) : 0.0017 - 0.00227#CK
 Mycoplasma: 0.3 - 0.9 micron YRR 0.3 - 0. 9K

« MERV scale: 0.3-10 microns MERVZIE: 0. 3-10fCK
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Filtration basics — MERV Ratings id Ji& 25l 411 -MERV-2Z

MERV Rating Air Filter will trap || Air Filter will trap Air | Air Filter will trap Filter Type
Air Particles size Particles size Air Particles size o
.3 to 1.0 microns 1.0 to 3.0 microns 3 to 10 microns Removes These Particles

Fiberglass & Aluminum Mesh

Pollen, Dust Mites, Spray Paint,
Carpet Fibres

MERV 5 <20% <20% 20% - 34% Cheap Disposable Filters
MERV 6 £20% £20% 35% -49% s
MERV 7 £20% £20% 50% - 69% Mold Spores, Cooking Dusts, |

£20% £20% 70 - 85% Hair Spray, Furniture Polish__}
MERV 9 €20% Less Than 50% &85% or Better Better Home Box Filters
MERV 10 <20% 50% - 64% 85% or Better ~
MERV 11 <20% 65% -79% 85% or Better Lead Dust, Flour, Auto
MERV 12 <20% 80% - 90% 90% or Better Fumes,Welding Fumes

Less Than 75% 90% or Better | 90% or Better Superior Commercial Filters

MERV 13

Bacteria, Smoke, Sneezes

HEPA & ULPA

Viruses, Carbon Dust, <.30 pm

lllustration Provided by LakeAir / www.lakeair.com
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Types of ventilation systems i X 5 42K

Negative Pressure Positive Pressure 'Pushed
Exhaustfi & “HE” AirlEfE “#E#TES”
m m
= s | B mnen |
Most common for livestock buildings Think grain drier
A R R WL ARV

Neutral Pressure 'Push-
Pullh ik 7 “HERL”

Balanced pressure

FES)
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Static pressure and airflow resistance

i ISR R A

« Amount of suction between inside and outside
* WHNZ A H RN =
« Static pressure indicates airflow resistance

o {132 I P 7
 Restricts airflow -> Increases static pressure
o PR S-> 1 IR |
 Makes fans {#/X 5 —

« Work harder %% T AE
« Less efficient 3 R &K

JSSSS S S S S
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Static pressure is additivei#
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Negative Pressurefi ]k
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Filter exampleid i€ 2~ 4

Initial Resistance vs. Filter Face Velocity
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Composite Minimum Efficiency Curve
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Other components HAiZH 1

Ceiling Inlets KAEARGE X O Evaporative Cooling Padszk & 3] #

100 0.25
Figure 3. Air Intake Velocity and Static Pressure Relationship "
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Airflow ratio=S K&

* Filtered ventilation systems need high AFR fans

o 1 2l XU R Gt i 2 S AFR XU
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Static Pressure (")

: . Airfl t 0.05in. f
Airflow ratio = ow @ in. we [cfm]

Airflow at 0.20 in. wc [cfm]

Example: 51-inch fan

B 515N

Ratio = 21,100 ¢fm/28,300 cfm
[hF= 21, 100 cfm/28, 300 cfm
Ratio = 0.75

[L#F=0.75

UGA Poultry Housing "



Negative Pressure i,

N

-Concept has been around since early 2000s
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Backdrafting of unused fans is critical
N ) =
TR AR RE
* Do nothing — why filter? 212 &AM, A ZILJENE? 2
« Double shutter XUEEhH &

X R

-

R AL 3

22

» ‘RollSeal’ — still some leaks “RollSeal’-

- “RollSeal"- /1 — L iitJR
 ‘Chute’ or ‘Airbag’ on discharge cone
o HERHE L “TERE” B “REE”

« ‘Z’ or shutter wall “Z” B & 55

« New Double-L insulated shutter #r Z XULZ8 255 &

Agricultural and Biosystems Engineering
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How bad can it be? If N &5H S FEkelE ? S

- //
- - SRS 0,10
; " f;%:ggﬁg [ Filter  0.10 TigEss  0.05
1= > L Prefilter 0.05 o 0. 05
S - ) Soffit  0.05 R 0.15
W ¢ Inlet  0.15 R 0. 05
= m/ Fan 0.05 LR AR N0, 408 5K
o f,;:ne W oy = Total 0.40 or greater static pressure

Bags or chutes cut output another 15-30%
IOWA STATE UNIVERSITY RB7 BRI AER = E IR > 15-30%
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Positive Pressure IE[E

* Newer, gained popularity in late 2010s

o« HHTHY, FE2010FARIF IR AT ALK
Attic
Filter IR KK .
B8 [ -
E— | | | ij
Evaporative v Inlet Y Y
vad B O
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Positive Pressure — different styles 1E & 77—4 [F] X% S S

ROLLSEAL EVAPORATIVE EXHAUST
Ap SIDEWALL COOLING

LT

| =
l'['mnlﬂll | /
(0 g

‘ i
CAMFIL FILTRATION VENTILATION FANS SIDEWALL AND w M u n tE rE'

CFIl ING IMIFTS

High Pressure Attic

TIIE T ¢
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L8 IE, {'5 i &

Positive Pressure 1FJE

- Better suited for new construction 5 i& & T &3
« Leaks are “out” (no contamination) it O “VHER” (Tei54%)
- Fans stay clean X & fRIFETH

« Static pressure is maintained {#45#: /& Negative Pressure 1/

* Requires complex controller — not all are capable 755 « Better suited for remodels ¥ &4 Mt

AR RS- AR BT I A e » Less expensive in new construction 7 5 (1) #% 5 8 B

° N
Several actuators required % JL A~ HAAT 25 « Easier to understand and work with existing management % 5 T3
- Static pressure sensors required 7 £ # 4& IE /1% JK RIS MAEHES1E

« Leaks are “in” (need good sealing) iiti§ “HEN” (FERIFZEE)
« Backdraft prevention is needed 7 Z [ 11 [A1i4
« Consider additional static pressure % & i i1 % &
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Operation of filtered facilities
SIS R AT

» Primary stage (pre-filter): ~MERV8 — 2% (Flid %)
MERVS
« Protect the secondary stage filters {&3" 4 it JE 28
« Catch large particles /i it A ik
« Block moisture BHAS /K

- Prefilters appear dirty, very quickly id J& 28 5 AR IF
 Dirty appearance does not mean filter is used up
o WUIERI AN AN BRI SRS T
 Trade-off:
o BT :
« More dirty, better filtration AT, 5 4
« Less dirty, better airflow & IBAME, L7 HISR

* Prefilter change out in spring, to maximize airflow in summer
« M JESSAER LM, UMER ZFH) s A

« Biggest factors leading to short life 5375 a5 i KR &
« Dormer faces exhaust Dormer Jz Til & [H HE X
- Driveway/road side next biggest #H 4138 X% & 7] FE 5 K

IOWA STATE UNIVERSITY
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Operation of filtered facilities I Ji& ¥ it HIIE4T

« Secondary stage: between MERV 14 and MERYV 16

« %85 MY E%: TEMERV 1440MERV 162 [H]
« Dual-density media XU & 4} Jii

* 5+ year lifespan? 54 LA 71y ?
« Will be monitored via airflow Ji i < IR E4T W g
« Physical failure of filter i A ) P P

* Ensure that filter frames and/or housings are in good condition
with no air bypass. A leaky frame means the filters don't filter.

o PRI DESARZERN/BAN TR R &F, o[58, ERMRE
G I JE R iR JE
* Less warping 5 /> 158 Hh
« Better seal HFIFHI%EE

IOWA STATE UNIVERSITY
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Operation of filtered facilities i3 J& & i HIZ1T

* Prefilters Fiiit & 28
« $3 to $4 per sow to replace & B B #7334 0
« Secondary 2% it JE 4% =
« $40 to $60 per sow to replace 5 #1145 L B 74036035 I
« All prefilters replaced each year (could be less)
« RPEHEBAIPTE PESS (ATREEE D)
« Unknown replacement of secondary filters per year
o« FEAEF R R g
* May take 1 day to:
« NfHEFFERMIE], H T
« Replace 2,000 prefilters 5 42000 Tiiid & 2%

« Replace 1,000 prefilters and secondary ¥ 41,000 Filid j& 2%
M e ds

IOWA STATE UNIVERSITY
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Common challenges and future focus
SERIPREAIAR R E

-Applyin? good design practices, understanding the effects of static pressure on
the ventilation system

o N RSB TESER,  TARE EROGS 3E KER S  SE

» Using high-quality filters and preventing backdrafts will go a long way toward
ensuring the success of the system.

o {5 FH v o B ) I E A AT B LB IR R RO BT TR R S i )

* It is important to remember that a filtration system must be implemented with a
solid, adhered-to biosecurity plan.

« BN EINE, HIERGDLAKH . BEFREY 22T
* personnel and supply entry,:piﬁ movement, quarantine and festing and transport
sanitation programs, etc. X m Mgtk N A&k fyZ A bl Aoz b BA Rl 2%
* Filters consumes energy by creating a resistance to the airflow that it
encounters — filters increase energy costs.

o 1 YR A A I 0H 3 B A AR P R TE R RE E—— L R RS BE 0 T ARYR AR

IOWA STATE UNIVERSITY
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