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Engine Intake Air Water Separation Test Procedure

RATIONALE

The working group has reviewed this document and come to the conclusion that no technical changes will be made during
this revision. All changes currently included are editorial in nature to bring it up to current SAE style guidelines.

1. SCOPE

This water separation technical report has been established to cover heavy-duty engine intake filter systems. It may also
be applicable to some automotive and industrial air inlet systems where water separation is an issue.

1.1 Purpose

The purpose of this document is to establish and specify a uniform test method to permit a general evaluation of the water
separation performance of engine intake systems.

The performance and reliability of internal combustion engines and other equipment employing intake air filtration or
separation systems is affected by the performance of the intake system in removing contaminants including water from the
intake airflow. Water vapor or pure liquid in small quantities is not generally considered detrimental to an engine. Water
vapor or liquid in sufficient quantities, however, can reduce the quality and reliability of the intake filtration system in at least
three ways. First, it can cause the pressure drop to increase across the filter. This increases the restriction to the engine
and may reduce filter life or capacity. Second, water in sufficient quantities can facilitate the passing of fine particles in
suspension and salt and other contaminants in solution, through the filter. Once on the clean side of the filter, the
contamination particles, precipitates, or consequential corrosion residue are able to enter the engine and cause damage to
the engine and engine management systems. Third, water vapor or liquid in sufficient quantities can cause filter media
degradation, even to the point of burst for condition of wet media at high pressure drops.

Experience has shown that engine intake air water separation systems, which perform on the order of 80% or higher
efficiency, as measured by this procedure, will usually avoid water ingestion problems.

It is therefore desirable to provide a procedure for uniformly measuring the effectiveness of intake systems in separating or
otherwise removing water from the intake system.

Actual field conditions will vary widely and are difficult to duplicate. The intent of this procedure is to specify the most
important variables involved, which will promote uniform laboratory evaluation and comparison of the water separation
performance of intake filter systems and components.
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There are other variations of water separation testing that have been suggested. The objective of these tests is typically to
evaluate the water ingestion sensitivity of an intake system (including filter element). This type of test typically involves
logging the restriction level at the air cleaner outlet over time, while feeding water spray droplets. This might be done before
and/or after feeding air cleaner test dust, or it might be done on a field-loaded element. Relative performance is evaluated
by the sensitivity to water ingestion, measured by the degree of rise and subsequent recovery of restriction levels as the
feed water is initiated and halted.

2. REFERENCES
2.1 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical
Report.

2.1.1  ASABE Publications

Copies of these documents are available online at http://webstore.ansi.org/.

ANSI/ASAE S572.1 W/Corr. 1 MAR2009 (R2013), “Spray Nozzle Classification by Droplet Spectra”
2.1.2 ISO Publications

Copies of these documents are available online at http://webstore.ansi.org/.

ISO 5011 Inlet Air Cleaning Equipment for Internal Combustion Engines and Compressors - Performance Testing
ISOTS 11155-1 Road Vehicles - Air Filters for Passenger Compartment

3. ADDITIONAL EQUIPMENT

A typical test arrangement is shown in Figure 1. Test setups described in Appendix B, Figures B.7, B.12, and B.16 of
ISO 5011:2014 also generally apply, with the replacement of the dust feed system by a water feed and collection system.
In addition to the airflow test equipment required in ISO 5011, the following test equipment is required to conduct water
separation tests.

3.1 Water Feed System

The water feed system shall consist of a pump or other means of supplying water at a fixed and controlled temperature,
and flow rate or pressure, to the spray nozzle(s).

3.2 Water Collection System
A system of pre-weighed collection containers and/or other means shall be provided to quantify the water separated by the
inlet system under test. For most tests, the water collection system will consist of containers placed at all locations where

collected or separated water is drained or removed. This will vary with the design of the system under test. Scavenged air
cleaner or precleaner systems will require more elaborate means of collecting the separated water.
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1. Air Supply System 9. Outlet Tube
2. Water Supply System 10. Absolute Filter
3. Spray Nozzle(s) 11. Air Flow Meter
4. Water Collection System 12. Air Flow Controller
5. Pre-cleaner or Separator 13. Exhauster
6. Main Air Filter
7. Scavenging System if Present
8. Restriction Measuring Device

Figure 1 - Water separation efficiency test setup
3.3 Water Injection Spray Nozzles

Water injection is accomplished with a spray nozzle system. Due to the fact that the efficiency of most separators is
dependent on droplet size, test results will be sensitive to the droplet size distribution produced by the spray nozzle. Droplet
sizes generated are controlled by the nozzle design and operating parameters (e.g., air and/or water supply pressure). For
direct comparison, the same spray nozzle(s), air pressure (if used), water pressure (if applicable), water temperature, nozzle
distance and angle from inlet, and water flow rate shall be used. The water droplet size shall be determined either from the
manufacturer specifications, or by measuring the droplet size at a specific distance away from the nozzle. This distance
shall be the same as the distance from the nozzle to the separator being tested.

3.4 Rain Droplet Size

Rain droplets can generally range in size from 0.1 to 10 mm in diameter. Road spray from other vehicles, or fog conditions,
can expand droplet size range both smaller and larger. Since a wide range of conditions exists, there may be interest in
water separation performance at various conditions for various applications. Droplet sizes for most frequently encountered
conditions are listed in Table 1. Instrumentation for the precise measurement and control of water droplet size is not readily
available. Nozzle manufacturers can usually provide general droplet size information at specific operating conditions of flow
and pressure. Nozzle wear, corrosion, or buildup of mineral deposits can alter nozzle performance. It should be recognized
that inspection, maintenance, and replacement of nozzles or affected parts is necessary. Spray patterns and nozzle position
relative to the inlet should be guided by a preference toward attempting to cover as much of the inlet area with challenge
spray as possible. It is recognized that inlet locations vary widely on vehicles, and depending on wind and vehicle speed
and directions, it may be desirable to run tests with the spray nozzle oriented in directions other than being aligned with an
extension of the inlet. It has been suggested that an array of nozzle positions might be used to simulate a range of operating
conditions. Multiple nozzles may be used for better coverage, if total flow rate and water droplet size effects are considered
and accounted for.
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