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SUMMARY

A literature review in the field of fluid flow in wood has been 
completed. This review identified that the use of a mathematical 
model based on a permeability concept is impractical for predicting 
fluid penetration during impregnation processes. An alternative 
approach of measuring fluid flow directly was identified. However 
usable equipment has not been developed. Plans are to be developed
for a prototype which will be evaluated and calibrated in the coming 
year.
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1.0 OBJECTIVES

To develop a stochastic model for the intrusion mechanism of fluids 
into wood during the impregnation process, based on direct flow 
velocity measurements within the wood. This implies the development 
of a tool for measuring fluid flow within the wood during the impreg-
nation processes.

In 1985-86, a review was to be made of the state-of-the-art, to lay 
a foundation for the development of a medium term research program 
to be carried out in the coming year.

2.0 INTRODUCTION

It was emphasized in the NATO Science committee (1975) that there 
is little knowledge concerning the mechanism of fluid intrusion 
into wood. This is due to the fact that there is not enough information 
about the interaction between the porous structure of the wood and 
its permeability and, on the other hand, to the fact that the 
mathematical description of flow is based on assumptions too specific 
to be of use to wood preservers. As a result, present-day impregnation 
processes are based on the experience of the wood treaters and not 
on a scientific background.

The present research project is an attempt to develop a more application- 
oriented approach to describe impregnation processes.

3.0 BACKGROUND

In order to establish the scientific foundation to develop new 
impregnation processes, a mathematical description of the physical 
parameters involved has to be done. Therefore an intensive literature 
study was undertaken covering flow mechanics through porous structures 
as well as impregnation processes for wood. As this study revealed 
the infeasability of developing models based on physically established 
flow concepts, a further literature study in the field of direct 
flow measurements within the wood has been done, with the result 
that a concept for future research has been identified.

The enormous amount of information (over 500 relevant citations) 
made us focus on the most important papers. These papers only are 
mentioned m  this report and its appendix.
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4.0 RESULTS

In order to describe mathematically the impregnation processes, 
wood should be considered as a porous structure through which gases 
and liquids flow under specific physical conditions. Therefore, 
the evaluation of both the physical conditions driving the fluids 
through the wood and the porous structure should allow one to describe 
and predict fluid intrusion. For the following reasons, however, 
such a procedure cannot lead to success:

a) The porous structure of wood is too complex and heterogeneous 
to be described mathematically precise enough for modelling 
fluid flow. Therefore, the description in relation to permeation 
is to be done only for very restricted and specific purposes
as presented by Comstock (1970) or Hôsli (1985). More general 
three-dimensional models of a heterogeneous porous structure leads 
to results which are imprecise or not readily interpretable. 
(Scheidegger 1974, Carman 1956).

b) The intrusion during the impregnation processes has to be considered 
as a multi-dimensional unsteady state flow. This led to differ-
ential equations for which only under very specific conditions 
could solutions be developed (Grassmann, 1970) as was the case
for the radial intrusion of gases according to Orfila and Hôsli 
(1985).

c) More than one phase is involved in impregnation processes.
This implies that, in addition to viscosity, surface tension
of the liquid and geometry of the flow-path have to be respected.
The presumably most complete description of this problem was 
done by Ford (1971) but the model is not suitable to describe 
liquid intrusion into wood because of the many physical and 
mathematical premises and restrictions.

For this reason, most of the possible approaches to describe scientif-
ically fluid movement during the impregnation processes are mathemat-
ically infeasible or impractical and we decided, therefore, to develop 
an alternative method avoiding the direct or indirect measurement 
of the conducting system.

All models based on flow physics involve the term "permeability ". 
Whatever its specific definition is, permeability stands always ' 
for the porous structure of the wood and is used to link the forces 
causing flow with the velocity of flow. This physically and mathemat-
ically complex concept can be avoided in measuring directly flow 
velocity within the wood. The measurements are to be done at various 
locations within the wood and as a function of the treating conditions 
like pressure, temperature and time and can be summarized in a 
probability based model useful for monitoring treating processes.
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developing new pressure treatments or for the evaluation of the 
impregnability of wood.

A computer based literature review of over 350 citations in the 
field of flow in wood showed that there is no device developed to 
measure flow velocities within the wood. However, in tree physiology, 
methods are presented to evaluate sap stream velocity of living 
trees. Although various attempts have been made to measure sap 
flow velocity in xylem of living trees, all reported methods have 
the one main disadvantage that velocity is derived from measurements 
taken at two different points along the grain as is the practice 
for the thermoelectric measurements (Huber and Schmidt, 1937; Cohen 
et al 1985) or for the electromechanic gradient method presented 
by Tyree (1971). This implies that the interpretation of the measure-
ments has to be done with physical and mathematical simplifying 
assumptions (Swanson and Whitfield, 1981).

The method to measure fluid flow within wood identified during the 
literature study involves a testing element (NTC-Thermistor) the temperature 
of which is reduced in proportion to the flow of fluid.

5.0 STAFF

J.P. Hôsli Project Leader and Research Scientist

6.0 RECOMMENDATIONS

Avoid use of the permeability concept by measuring flow velocities 
within wood during impregnation processes, thus enabling the development 
of a probability based model to describe the processes.

Develop methodology for measuring flow using negative temperature 
coefficient thermistors allowing the measurement of a) relative 
velocities of gas flow during the initial phase of the pressure 
processes, b) the time when the preservative has reached the point 
of measurement and c) the velocity of liquid flow.

Appendix I contains a more detailed description of the proposed 
methodology for further studies.
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1. Aim

To develop a stochastic model for the intrusion mechanism of 
fluids into wood during the impregnation process, based on direct 
flow velocity measurements within the wood.

2. Objective

To develop a tool for measuring fluid flow within the wood during 
the impregnation processes.

3. Material and Methods

3.1 General Description

ITT F 14D negative temperature coefficient (NTC) thermistors 
are conditioned with a device to be developed according 
to Figure 2 and 3 and exposed to a controlled flow within 
a calibrating cell. The output signal produced by the conditioning 
unit will be related to flow velocity. A statistical interpretation 
of the output signal as a function of flow velocity and temperature 
will lead to calibration curves utilized to measure flow 
in wood. The verification of the method shall be done 
by measuring flow within small wood samples.

3•2 Principle of Operation

As implied by their name, NTC thermistors are semi-conductor 
resistors whose resistance diminishes when temperature 
increases. Thermistors, like any resistor, are heated 
when a notable electrical current passes through them.
As a consequence, temperature decreases. When such a heated 
element is in contact with a flowing fluid, it is cooled 
down with increasing flow velocity and, consequently, increases 
resistance: This resistance can be converted to a voltage
output signal related to flow velocity.

3.3.1 ITT F 14D Thermistor

The physical and electrical properties are described 
in detail in the ITT technical documentation (ITT, 1981).
They consist of a temperature absorbing glass tube of 
4 mm diameter with a 2 mm thick tip bearing the bead.
Figure 1 shows how the thermistors’ bead bearing tip' 
will be placed in the wood. The two seals allow insulation 
of the volume where measurements are taken from the 
boring where the probe is held. F 14D thermistors have 
a resistance of 1 0 k a t  20 C and a characteristic temperature 
of about 3400K.
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3.3.2 Conditioning Unit

Figure 2 shows the planned unit conditioning the thermistor 
with a constant current. It consists of a battery powered 
constant current source, an amplification unit for the 
signals collected at the thermistor terminals and a 
mAmmeter as well as an electronic control to assure the 
proper operation of the apparatus. The unit will allow 
an autonomous operation time of about one day. It is 
important to design the amplification unit with great 
input impedance, in order not to disturb the current through 
it and with the possibility to adjust gain of the amplifier, 
thus enabling the measurements of the output signal on the 
most sensitive scale of the data acquisition system. The 
mAmmeter and the electronic control are integrated in the unit 
to assure verification of current stability and to avoid 
wrong measurements when battery power is too low to properly 
operate the amplifier.

Using a constant current source to condition the thermistor 
will result in a logarithmic response of the output signal 
because the thermistor changes resistance logarithmically with 
temperature. Thus, for relatively high flow velocities, 
it will respond very sensitively but will be much less 
sensitive for low temperature. The advantage of this 
is that the unit might be adaptable for a specific range 
of flow velocity. However, it has the disadvantage that 
it might not be sensitive enough to measure a wide range 
of velocities.

Figure 3 shows an attempt to avoid the disadvantage of 
a constant current conditioning unit using a constant 
power supply. Thus, the power dissipation of the bead 
bearing tip is constant and, therefore, the temperature 
of the probe would be dependent only on flow velocity.
Such a device could be realized by collecting the current 
circulating in the thermistor as well as the tension 
of the terminals with an electronic multiplicator capable 
of controlling the product of the two signals; this product 
is thus proportional to the power absorbed by the thermistor. 
The disadvantage of such a device might be a lower overall 
sensitivity.

3.3.3 Calibration Unit

This device is used to expose thermistors placed in small 
wood samples to gas and liquid flow. It consists of 
the measuring cell, a large liquid reservoir, a device 
to measure flow velocity and a fluid driving device.
This core is supported by the conditioning unit described 
in the technical description and a data acquisition system.
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The measuring cell bears a circumference sealed, highly 
permeable wood sample in which the flow measuring thermistor 
is placed according to Figure 1 as well as at the tip of a second 
indirect heated probe to measure temperature of the medium.
The liquid reservoir has to be designed tall enough to 
consider it as an indefinite reservoir. This allows 
a constant flow within the unit as a steady state flow 
by assuming that the liquid level in the reservoir remains 
unchanged during a measurement. The reservoir has to 
be equipped with a filter able to remove impurities in 
the liquid. A pressure-proofed reservoir up to 1 MPa 
would be preferable.

The forces causing liquid flow through the wood are generated 
by a vacuum pump (Bernouilli principle)and/or by an over-
pressure in the reservoir.

In order to measure and control the liquid flow speed, a device 
has to be chosen or developed according to preliminary tests.
As to the gas flow velocity, it cannot be measured in
real values because gas density is dependent on the pressure.
This would imply that a) local pressure has to be measured, 
which is not practical for measurements during pressure 
treatment and b) a complicated non-practical calibration 
procedure has to be set up, because the heat capacity 
of the gas changes with its density.

3.4 Methods

3.4.1 Electrical characteristics of the system will be 
established when prototype is available.

3.4.2 Calibration procedure.

Liquid flow velocities between lmm/h and lm/min 
are created and the output signal collected. These 
tests are done using water and two different preservative 
solutions. The calibration has to be done for 
a range of temperature to be specified. The detailed 
calibration plan can only be set up when preliminary 
tests using water are completed.

3-4.3 Preliminary Impregnation Tests

An electrical connection through the wall of the 
impregnation cylinder has to be developed. Wood 
samples of commercial size are then equipped with 
thermistors at different sites and pressure treated.
The results obtained are interpreted to decide if 
the measuring system or the calibration procedure 
have to be modified and repeated.
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4 . Outlook

4.1 To Phase II

Measurements will be taken for the impregnation of one wood 
species submitted to different treatment conditions. The 
results obtained will be statistjuoally related to time, location 
and treatment conditions and used to describe the penetration 
mechanism. The results have to be interpreted in relation 
to the effectiveness of the treatment in function of the 
various treatments for the particular preserved product.

4.2 To Phase III

The measurements will be done for various products, species 
and treatments. In order to generalize the description 
of the intrusion mechanism, the results will be related to 
material inherent properties.

5. Figures 

Figure 1. 

Figure 2. 

Figure 3.

F14D Thermistors used for flow measurements in wood 

Block diagram for constant current conditioning 

Block diagram for constant power conditioning unit
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Figure 1. F14D Thermistor used for flow measurement in wood
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