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Basis for ventilation rate design and selection
通风率设计和选择的依据

2

Moisture Control Temperature Control

Minimum
最小值

Outside 
Temperature (°F)
外部温度（°F）

Ve
nt

ila
tio

n 
R

at
e 

(c
fm

) Ventila
tion Rate for 

Temperature Contro
l

温
度
控
制
中
的
通
风
速
率

温度控制水分控制

Ventilation Rate for 

Moisture Control

水分控制的通风率
Ventilation Rate for Gas Control

气体控制装置的通风率

Maximum
最大值

国
际
养
猪
繁
殖
研
讨
会



Agricultural and Biosystems Engineering
IOWA STATE UNIVERSITY

Differentiating ventilation design and management
区分通风设计与管理

3

国
际
养
猪
繁
殖
研
讨
会



Agricultural and Biosystems Engineering
IOWA STATE UNIVERSITY

Factors for considering filtration 考虑过滤的因素

•Fairly well-established that filtration works, but numerous 
considerations are still needed

•过滤是有效的，但仍然需要许多考虑
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In more detail, key ventilation system factors
更详细地说，关键的通风系统因素
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Air distribution patterns
空气分布模式

Ventilation fans
通风风机

Air exchange rates and 
requirements per animal
每只动物的呼吸频率和要

求

Attic air intake
阁楼式进气口

Pit transitions and 
annexes

隧道过渡和附属设施

Fan staging
风机分阶段

Supplemental cooling
补充冷却

Controller understanding
控制器理解

What types of ventilation 
system facilitates filtration
什么类型的通风系统便于

过滤

Static pressure effects on 
the ventilation system
静压对通风系统的影响

MERV16 vs. MERV14
MERV16和MERV14的比

较
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Filtration basics 
过滤基础知识

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

• 过滤器的目的是在猪呼吸之前捕获并保留进入猪场的颗粒物

• Do not catch the individual virus, rather the particle they adhere to for travel 
• 不要捕捉单个病毒，而是捕捉传播时附着的病毒颗粒

• Common swine virus and pathogen aerosol sizes:常见猪病毒和病原体的气溶胶大小：
• Swine Influenza Virus: 0.080 - 0.120 micron             猪流感病毒： 0.080 - 0.120微米

• PRRSV: 0.050 - 0.065 micron                                  PRRSV： 0.050 - 0.065微米

• Porcine Circovirus (PCV2): 0.0017 - 0.0022 micron  猪圆环病毒2型（PCV2）：0.0017 - 0.0022微米

• Mycoplasma: 0.3 - 0.9 micron                                    支原体：0.3 - 0.9微米

• MERV scale: 0.3-10 microns  MERV刻度：0.3-10微米
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Filtration basics – MERV Ratings 过滤基础知识-MERV评级
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Types of ventilation systems 通风系统类型
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Slight vacuum
轻微真空

Rise in pressure
压力上升 

Negative Pressure 
‘Exhaust’负压“排气”

Positive Pressure ‘Pushed 
Air’正压“推进空气”

Neutral Pressure ‘Push-
Pull’中性压力“推拉”

Most common for livestock buildings
猪舍中最常见的

Think grain drier
想想谷物干燥机

Balanced pressure
平衡压力
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Static pressure and airflow resistance
静压和气流阻力

• Amount of suction between inside and outside
• 内外之间的吸入量

• Static pressure indicates airflow resistance
• 静压力表示气流阻力

• Restricts airflow -> Increases static pressure
• 限制气流->增加静压

• Makes fans 使风扇
• Work harder  努力工作

• Less efficient 效率较低
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Static pressure is additive静压是附加的
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 Filter example过滤器示例
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Other components 其他组件
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Ceiling Inlets 天花板通风口 Evaporative Cooling Pads蒸发冷却垫
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Airflow ratio空气流量比

•Filtered ventilation systems need high AFR fans
•过滤式通风系统需要高AFR风扇
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Airflow ratio =

Example: 51-inch fan
示例：51英寸风扇
Ratio = 21,100 cfm/28,300 cfm
比率= 21,100 cfm/28,300 cfm
Ratio = 0.75
比率= 0.75

UGA Poultry Housing

Airflow at 0.20 in. wc [cfm]

Airflow at 0.05 in. wc [cfm]
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Negative Pressure 负压
•Concept has been around since early 2000s 
•这个概念始于21世纪初

Evaporative pad
蒸发垫

Attic阁楼

Inlet
进风口

Filter过滤器
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Backdrafting of unused fans is critical
对未使用的风机进行封闭至关重要
• Do nothing – why filter??什么都不做，为什么要过滤呢？？

• Double shutter 双活动护窗

• ‘RollSeal’ – still some leaks “RollSeal”-
• “RollSeal”–仍有一些泄漏

• ‘Chute’ or ‘Airbag’ on discharge cone
• 排气锥上的“滑槽”或“气囊”

• ‘Z’ or shutter wall “Z”或护窗墙

• New Double-L insulated shutter 新型双L绝缘护窗
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How bad can it be? 那又会有多糟糕呢？

Filter 0.10
Prefilter 0.05
Soffit 0.05
Inlet 0.15
Fan 0.05
Total 0.40 or greater static pressure

Bags or chutes cut output another 15-30% 
袋子或溜槽的排气量再减少15-30%

过滤器    0.10
预滤器    0.05
挑檐底面  0.05
进风口    0.15
风扇      0.05
总静压值为0.40或更大国
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Positive Pressure 正压

•Newer, gained popularity in late 2010s 
•更新的，在2010年代末开始流行起来

Evaporative 
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Positive Pressure – different styles 正压力-不同风格
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Comparing positive vs. negative pressure
比较正压与负压
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Positive Pressure 正压

• Better suited for new construction  更适合于新建筑

• Leaks are “out” (no contamination) 泄漏已“消除”（无污染）

• Fans stay clean 风扇保持清洁

• Static pressure is maintained 保持静压

• Requires complex controller – not all are capable 需要复
杂的控制器-并不是所有的人都有能力

• Several actuators required 需要几个执行器

• Static pressure sensors required 需要静态压力传感器

Negative Pressure 负压

• Better suited for remodels 更适合改造

• Less expensive in new construction 新建筑的价格更便宜

• Easier to understand and work with existing management 更易于理
解并与现有管理层合作

• Leaks are “in” (need good sealing) 泄漏“进入”（需要良好密封）

• Backdraft prevention is needed 需要防止回流

• Consider additional static pressure 考虑附加的静压
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Operation of filtered facilities
过滤设施的运行 

• Primary stage (pre-filter): ~MERV8 一级（预过滤器）：
~MERV8

• Protect the secondary stage filters 保护辅助级过滤器

• Catch large particles 捕捉大颗粒

• Block moisture 阻碍水分

• Prefilters appear dirty, very quickly 过滤器看起来很脏
• Dirty appearance does not mean filter is used up 
• 肮脏的外观并不意味着过滤器被耗尽了

• Trade-off:
• 权衡：

• More dirty, better filtration  更脏，过滤更好

• Less dirty, better airflow     没那么脏，更好的气流

• Prefilter change out in spring, to maximize airflow in summer
• 预过滤器在春季更换，以使夏季的气流最大化

• Biggest factors leading to short life 导致寿命短的最大因素
• Dormer faces exhaust Dormer 屋顶窗面排放

• Driveway/road side next biggest 相邻通风设备间距最大
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Operation of filtered facilities 过滤设施的运行 

• Secondary stage: between MERV 14 and MERV 16 
• 第二阶段：在MERV 14和MERV 16之间

• Dual-density media 双密度介质

• 5+ year lifespan? 5年以上寿命？
• Will be monitored via airflow  将通过气流进行监测吗

• Physical failure of filter           过滤器物理故障

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

• 确保过滤器框架和/或外壳状况良好，无空气旁通。框架泄漏意
味着过滤器无法过滤。

• Less warping 更少的翘曲

• Better seal     更好的密封
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Operation of filtered facilities 过滤设施的运行 
• Prefilters 预过滤器

• $3 to $4 per sow to replace 每头母猪更换需3到4美元

• Secondary 二级过滤器
• $40 to $60 per sow to replace 更换平均每头母猪需40到60美元

• All prefilters replaced each year (could be less)
• 每年更换的所有预滤器（可能更少）

• Unknown replacement of secondary filters per year
• 每年更换二级过滤器

• May take 1 day to:
• 可能需要1天时间，用于：

• Replace 2,000 prefilters 更换2000个预过滤器

• Replace 1,000 prefilters and secondary 更换1,000个预过滤器
和二级过滤器
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Common challenges and future focus 
共同挑战和未来重点

• Applying good design practices, understanding the effects of static pressure on 
the ventilation system

•应用良好的设计实践，了解静压对通风系统的影响
• Using high-quality filters and preventing backdrafts will go a long way toward 
ensuring the success of the system.

•使用高质量的过滤器和防止回流将大大有助于确保系统的成功。
• It is important to remember that a filtration system must be implemented with a 
solid, adhered-to biosecurity plan.

•重要的是要记住，过滤系统必须采用可靠、坚持的生物安全计划。
• personnel and supply entry, pig movement, quarantine and testing and transport 

sanitation programs, etc.人员和物资进入、生猪运输、检疫和检测以及运输卫生计划等。

• Filters consumes energy by creating a resistance to the airflow that it 
encounters – filters increase energy costs. 

•过滤器通过对遇到的气流产生阻力来消耗能量——过滤器增加了能源成本。
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Thank you! Questions?
谢谢你！问题？
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