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Abstract 

Porometry is a characterization technique based on the displacement of a wetting liquid from the sample pores by applying a gas 

at increasing pressure. It is widely used to measure minimum, maximum (or first bubble point) and mean flow pore sizes, and pore 

size distribution of the through pores. Porometry instruments are widely used to measure pore sizes of material for application 

areas like Acoustics, Fabrics, Medical instruments, Defense and Filters. The Porometry instruments are mainly categorized in two 

areas. In this paper the overview of implementation of this instruments and fundamentals of Porometry is discussed.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

In capillary flow Porometry or simply known as Porometry, an inert gas is used to displace a liquid, which is in the pores. The 

pressure required to empty the pore corresponds to the pressure necessary to evacuate the liquid from the most constricted part of 

the pore. This most constricted part is the most challenging one and it offers the highest resistance to remove the wetting liquid. 

This parameter is very relevant in filtration and similar applications since it is important to know the smallest diameter of the 

through pores. 

The major testing materials are fabric, membranes, paper, filtration and ultrafiltration media, hollow fibres, ceramics and other 

porous materials. The major applications of this instrument are in Acoustics, Fabrics, Medical instruments, Defense and Filters. 

In order to measure the pore size by capillary flow Porometry it is necessary to process the samples with a wetting liquid. An 

inert gas flow is used to displace the liquid that is in the pores and the pressure required to empty the most constricted part of the 

pore is measured. The most constricted part of the pore is the most challenging one because it offers the highest resistance to 

remove the wetting liquid. This parameter is very important in filtration and similar applications since it is essential to know the 

smallest diameter of the through pores.  

II. BASIC BLOCK-DIAGRAM OF A POROMETRY INSTRUMENT 

The basic Block diagram of a Porometry instrument consists the components as shown in figure 2. They are explained as below. 

 Pressure tank: 

It consists the pressurized gas, like Nitrogen/Oxygen. It is used to send gas in the pressure chamber in controlled form in order to 

testing the material. 

 
Fig. 1: Basic Block diagram of a Porometry instrument 

 Solenoid valve/Mechanical Valve: 

This valve will turn ON of OFF the flow to the testing chamber. Mechanical valve is used for manually controlled systems. Solenoid 

valve is used for Electrically controlled systems. Solenoid valve is an electro-mechanical valve that turns ON/OFF according to 

the electrical signal given. It will control the flow of gas. 
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 Flow controller: 

Flow controller will control the flow of gas from 0% to 100% according to the analog input signal applied on it. 

 Pressure Transducer: 

It will do measuring and scaling of gas pressure. The output signal will be analog. 

 Manifold valve: 

It is same as the solenoid valve, but it will control the exit of gases in system. 

 Testing chamber: 

It contains a holding chamber which will hold the specimen for testing. 

III. MEASUREMENT USING PRESSURE STEP METHOD 

The pressure/step stability method represents an alternative for the pressure scan method which permits a more accurate 

measurement of the pore sizes. It takes into account the different tortuosity and pore length of pores with the same diameter. The 

acquisition of a data point is only carried out after holding the pressure at a constant value for a user-defined time (figure 4) and 

also only after the gas flow through the sample is stable, which is also defined by the user. 

This allows enough time for the gas flow to displace the wetting liquid in long and tortuous pores of the same diameter. 

Therefore, the pressure step/stability method is the most recommended one for research and development applications. 

Additionally, the pressure step/stability measuring principle allows measuring the true First Bubble Point (FBP), in opposition to 

the pressure scan method, which only permits calculation the FBP at the selected flow rates. The FBP is defined by the ASTM F-

316-03 standard as the pressure at which the first continuous gas bubbles are detected. In practice FBP is associated as the largest 

or maximum pore size. The calculation of the FBP requires to select a certain minimum flow (e.g. 30, 50, 100 ml/min) and when 

it is achieved, record the pressure. Then this pressure is used to calculate the FBP size. 

 
Fig. 2: Pressure Step Method 

The question is to select the minimum flow through the sample and the major disadvantage is that this minimum flow is different 

for every sample and it is not easy to determine. If a certain minimum flow is selected for the calculation it is possible that the 

largest pore in the sample was already open for a while before that particular flow was determined. 

With the step/stability method it is possible to measure the true FBP. When applying a constant gas flow, before the opening of 

the largest flow the pressure increases in a linear way. At the moment that the gas flow passes through the sample via the largest 

pore the pressure increase drops and it is this particular pressure the one that corresponds to the FBP of the sample. 

IV. IMPLEMENTATION 

The basic block diagram of an embedded system is as shown below. The heart embedded system is, the micro controller. The 

micro controller is ARM Architecture based micro controller. Its objectives are to monitor, Process & control the whole system. 

The micro controller will be interfaced with ADC & DAC using SPI bus. The ADC will convert the analog values from sensors to 

digital & process them. It will also send them to the host. The DAC will convert the digital signals to analog to operate the valves. 

Operating of valves will be based on the design of system. 

The system is expected to read the analog signals, write the analog signals, process the values and send them to host using serial 

port. It will follow the communication protocol in order to send and receive the data. It will also work in different modes according 

to the command given by host. 
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Fig. 3: Block Diagram of Embedded System 

 Overview of different devices: 

 Electro-Mechanical Output Devices: 

- Solenoid valves 

- Flow controller 

 Electro-Mechanical Input Devices: 

- Pressure transducer 

 Electronic Control Devices: 

- Micro-controller based board (ARM cortex M4 / ARM7 TDMI) 

- Host: Windows PC / ARM based Embedded Linux board 

The Gas Cylinder contains the nitrogen gas in pressurized form. It is connected with the electro-mechanical control devices & 

input devices. The solenoid valve will control the flow of gas. 

 Components used in Embedded System: 

 ADC: 

- Analog Devices: AD7734 

- 4 Channel, ±10 V Input Range 

- 24-Bit, Σ-Δ ADC 

- SPI serial interface 

 DAC: 

- Texas Instruments: DAC8568/64 

- 8/4 channels, +5V output 

- 16-Bit, Resistor String 

- SPI serial interface 

 Digital Outputs: 

- Texas Instruments: ULN2003 

- High-Voltage, High-Current Darlington Transistor Arrays 

- Max 500mA/50V 

- 7 channels 

 Solenoid Outputs: 

- Texas Instruments: SN754410 

- Quadruple Half-H Driver 

- Max 1A/36V 

- 4 channels 
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Fig. 4: Hardware Setup 

The electro-mechanical output devices like Flow controller and pressure regulator are connected to the DAC board. They are 

controlled using the micro controller. The micro controller will write the data to DAC and the values will be changed accordingly. 

The output of these devices changes from scale of 0% to 100% with the value given to it. For DAC, it is 16-bit DAC, so the data 

written to DAC in hexadecimal 0x0000 means 0% output & 0xFFFF means 100% output. 

The Electro-mechanical input devices are flow meter & pressure transducer. They are connected to ADC board of micro 

controller. They give output in terms of digital data. The micro controller will control the ADC and read the data from the Electro 

mechanical input devices. The ADC resolution is 24 bit & input voltage range is set to 0-10V DC. The Electro mechanical devices 

will provide the analog data in terms of voltage in this range. The ADC will convert this data in digital form and the micro controller 

will use this data to process further. At output of ADC the data is in form of hexadecimal value ranging from 0x000000 to 

0xFFFFFF, which represents the 0-100% of real world data. 

The ADC & DAC are connected to SPI (Serial Peripheral Interface) bus of micro controller. Addition GPIO lines are connected 

to control the ADC & DAC chips. The SPI bus contains signals MISO (Master In Slave Out), MOSI (Master Out Slave In), SCK 

(Serial Clock) & GND. Speed of Communication is up to 10Mbps. 

The data collected from the mechanical system needs to be sent on Host system, this system uses a USB to serial converter 

board, specially designed for this application. This provides a USB connectivity to the Host with lowest power consumption and 

maximum efficiency. The data is sent in form of packets, so larger data can be transmitted using serial port. 

 
Fig. 5: Micro controller Board & USB to Serial Converter 

In the figure 6, smaller board is USB to Serial Converter board. It has an IC MCP2200 on it, which is USB to serial converter 

IC from Microchip. The IC provides USB connection to the Host Computer and TTL Serial port at the micro controller. The Host 

implements virtual COM port on its side, so both end can communicate on serial port. The micro controller is connected using 

three data lines RXD, TXD & GND. The data rate is kept fixed on 115200Kbps. 

V. CONCLUSION 

A Porometer measures gas flow as function of an applied pressure. Typical curves for the wet and dry curve for a filter or membrane 

are shown in figure 6. The wet curve is measured to determine the pore sizes, the dry curve is needed for the calculation of both 

the mean flow pore size, smallest pores and the gas permeability. the Micro-controller board, ADC-DAC Board, & USB to Serial 

Converter Board are manufactured, fabricated & tested successfully. The I/O board is yet to complete. The Programming on micro 
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controller is almost completed, and all peripherals are working. The Analog I/O are working on full effective accuracy stated in 

respective datasheets. 
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