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SUMMARY

To measure flow in wood, directly heated NTC thermistors were conditioned 
with both constant current and constant power, and the temperature 
difference between unheated and heated thermistors were brought in 
relation to flow velocity. For the constant current method, the first 
thermodynamic law is applied using the excess of power dissipation of 
thermistors submitted to flow in respect to the dissipation of 
thermistors placed in an non-flowing environment. For the constant power 
conditioned thermistors, the difference of the temperature of the heated 
and unheated liquid can be related directly to flow using the law of 
heat transfer by convection. It has been shown that the technique does 
have potential to measure wood moisture content above and below the fiber 
saturation point continuously in one point of measurement. Further 
hardware development is required.
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1.0 OBJECTIVE

To improve the technological base of the Canadian wood products industry, 
specifically the treated wood sector, a probability based model for the 
intrusion mechanism of fluids into wood will be developed. The model is 
based on the measurement of fluid flow during the impregnation process 
using techniques developed at Forintek. It will allow for the prediction 
and optimization of penetration rates.

2.0 INTRODUCTION

Present impregnation processes have been developed on the experience of 
the treaters and are lacking a scientific base. In order to establish a 
technical basis for the development of new impregnation processes or to 
optimize existing treatment processes, an attempt is made to measure 
directly flow in wood during the impregnation processes thus avoiding the 
direct or indirect measurements of the difficult to describe conducting 
porous system.

The development a stochastic model simulating the penetration of fluids 
into wood during the impregnation process using the direct measurements 

flow velocities within the wood would allow the development of new 
impregnation processes, to optimize pressure treatment and to automate 
impregnation processes on a new base.

3.0 BACKGROUND

During the first two year of the project, prototypes of conditioners of 
both modes (constant current, constant power) have been developed and an 
apparatus allowing simulation of flow in wood has been built. As the 
first evaluation of the conditioner showed instabilities of the output 
signals and imprecision of the conditioning signal, both machines were 
improved as described in the CFS progress reports of this project from 
March 1978 and 1988. The evaluation of the improved conditioners is 
underway and the development of hardware allowing data acquisition is in 
progress. The latest information on the measuring technique has been 
submitted to working group II of the International Research Group on Wood 
Preservation as document No. IRG/WP/2304.
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4.0 STAFF

J.P. H8sli Project Leader 
Research Scientist

5.0 RECOMMENDATIONS

Continue to refine methodology to calibrate conditioners and thermistors 
for flow and moisture content measurements and initiate final calibr
ation. Undertake exploratory measurements of flow in wood.

Develop research plan related to the impregnation of one wood species 
submitted to different treatment conditions including the development of 
a statistical method to describe the penetration mechanism in function of 
time, location and treatment conditions. This will require interpretation 
of the data in relation to the effectiveness of the treatment and as a 
function of various parameters distinct to the particular preservative 
product.
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NEW TECHNIQUE TO ANALYZE IMPREGNATION PROCESSES
J.P. Hôsli

Forintek Canada Corp. 
800 Montreal Road 
Ottawa, Canada 

K1G 3Z5

SUMMARY

Equipment has been developed to measure liquid flow in wood 
during impregnation processes. Basic principles of flow measure
ments using directly heated negative temperature coefficient 
thermistors, and some characteristics of the hardware developed are presented in this paper.
Key words: impregnation, flow in wood, NTC thermistors, method

INTRODUCTION

Present impregnation processes have been developed by wood 
treaters through experience and are lacking a rigorous scientific 
base. In order to establish a technical basis for the development 
of new impregnation processes or to optimize existing processes, 
a mathematical description of the physical parameters involved is 
required. However, most of the approaches to describe fluid 
movement during the impregnation processes are mathematically or 
technically infeasible or are impractical because they imply the 
measurement of an extremely heterogeneous conducting porous 
system and can be used for very specific purposes only (Carman 
1956, Scheidegger 1974, Orfila and Hosli 1986).
To measure flow in wood directly, thus avoiding direct or in
direct measurements of the conducting system, directly heated NTC 
thermistors are used. These thermistors are semiconductor resis
tors whose resistance diminishes when temperature increases and 
can be heated, like any resistors, when a noticeable electrical 
current passes through them. When such heated elements are in 
contact with a flowing fluid, the rate at which they are cooled 
increases with increased flow velocity. Consequently, their 
resistance increases. This resistance can be converted to a 
voltage output signal related to flow speed.
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MATERIAL AND METHODS
Basic principles
ITT F14D NTC thermistors heated by conditioning units producing 
both constant current and constant power were used whereby the 
temperature difference between unheated and heated thermistors 
was related to flow velocity. For the method conditioning the 
thermistors with constant current, the f£st thermodynamic law was 
applied using the excess power dissipation of thermistors subjec
ted to flow relative to the power dissipation of thermistors 
placed in a non-flowing environment. For the method using con
stant power to condition the thermistors, the difference of the 
temperature of the heated and unheated liquid can be related 
directly to flow using the law of heat transfer by convection.
Using the constant current conditioning unit. the excess power 
dissipation at the thermistor exposed to flow in relation to the 
power dissipation of a thermistor of zero flow velocity is:

I
Q = m Cp AT ( 1 )

where :
Q is the difference in power dissipation. The power is 

the product of the constant current created by the 
conditioning unit and the voltage through the thermis
tor .

m is the mass flow
Cp is the specific heat of the liquid
AT is the temperature increase of the liquid due to the 

thermistor heating. This temperature increase can be 
approximated by the temperature difference between a 
heated and unheated thermistor using the definition of 
the characteristic Temperature B of the thermistors 
(ITT, 1981):

In R1 - In R2
B = -----------------------------  ( 2)

(1/T1 - 1/T2)
where: RI, R2 are the resistances at

temperature T1 and T2 calcu 
lated from the voltage 
measured at the thermistor’s 
terminals.

Note: A T cannot be determined precisely but can be 
calibrated because the measuring volume and its geome
try are constant (see: figure 2 of IRG/WP/2248)

As an alternative, work instead of power could^be determined and 
formula (1) would then read Q = m Cp^T. When m or m are deter
mined from (1), flow velocity can be calculated



using
v =(mL) / (VD) (3)

where :
v is the flow velocity
L is the Length of flow within the cavity where the 

thermistor is placed (see: figure 2 of IRG/WP2248)V is the volume of the cavity 
D is the density of the liquid.

UsinÊ a Constant power__conditioning unit. flow velocity dependsonly on the difference in temperature of the unheated and heated 
liquid. This allows the use of the law of heat transfer by convection:

Pc = hA (T1 -T2) (4)
where :

Pc is the constant power dissipated by the thermistor 
hA is a convection factor. It depends not only on flow 

velocity but also on the geometry of the thermistors’ 
tip and the cavity where it is placed (Fig 2 of IRG/WP- 
/2248). As this dependency is repetitive, it can be determined by calibration.

In order to include physical properties of the liquid such as 
heat capacity, density, viscosity and state of flow it might be 
of advantage to refine the method and to replace the convection factor in (4) by the Nusselt number:

Nu = (hL)/k = C Rem Pr" (5)
where :

Nu : Nusselt Number 
k : constant 

C,m,n : Constants to be 
determined by 
experiments or 
from tables.

Using equation (4) and (5) the Nusselt number becomes:

L : Flow length 
Pr : Prantl number 
Re : Reynolds number 
h : Film heat trans

fer coefficient.

where :
Nu = (Pc L)/(k A (T1-T2) (6)

Pc : Constant power A : Flow section
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Conditioning units
Figure 1 shows the block diagram of the constant current con
ditioning— unit. It consists of a constant current source an 
amplification unit for the signals collected at the thermistor 
terminals, and a mAmmeter, as well as an electronic control to 
ensure the proper operation of the apparatus. The device outputs 
0.1 mA to 100 mA DC with a stability of 0.4 uA. The output signal 
can be adjusted from lx to 160x and the machine allows the offset 
of the output signal, thus facilitating the use the data acquisi- 
tion system at its most sensitive scale. The conditioner also is 
provided with a unit to permit conditioning and measurement of a 
second indirectly heated thermistor. The additional thermistor is 
used to measure the temperature of the unheated fluid.

Figure 2 shows the block diagram of the constant power condition
ing unit. Similar to the constant current source, it consists of 
a unit allowing proper operation, measurement of an indirectly 
heated thermistor, output of constant power and amplification of 
the output signal. To create the constant power, the current and 
voltage at the thermistors are used as input for a multiplicator 
able to adjust current to a value corresponding to their product. 
It is possible to adjust power from 0.02 mW up to 170 mW at 1 
Kohm charge (100°C), from 0.02 mW to 65 mW at 8 Kohm charge 
(20°C) or from 0.02 mW to 34 mW (0°C). The output signal is 
similar to the constant current conditioner.

EXPLORATORY MEASUREMENTS
Constant current conditioned thermistors
Inasmuch as the thermistor resistance changes logarithmically 
with temperature (ITT, 1981), the output signal does also when a 
constant current is used. Thus, sensitivity is high for high flow 
velocities, but is much less for low velocities. Consequently the 
unit might be adaptable for a specific range of flow velocities, 
but might not be sensitive enough to measure a wide range of velocities.
An optimal conditioning with 2.5mA was identified to measure flow 
velocities between 0.1 cm/min and 5 cm/min. The actual measureme
nts in a calibrating cell simulating flow in wood under con-'*' 
trolled conditions are shown in figure 3. This figure confirms 
our assumption that the sensitivity of the method is high for 
high flow velocities and low for slow flow.
Constant power conditioned thermistors

Using a constant power conditioning unit, the power dissipated by 
the thermistor is constant. Thus, the conditioning signal can be 
adjusted so that temperature differences between the direct and
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Figure 1 Block diagram of the constant current conditioner
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Figure 2 Block diagram of the constant power conditioner
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Figure 3 Output signal for flow measurements using 2.5 mA constant current.

Figure 4: Output signal for flow measurements using 0.5 mW 
constant power.

6



indirect heated thermistors are minimal. As a result, the output 
signal is less logarithmic than that of the constant current con- 
ditioner. This permits measurement of a wider range of flow, but with a lesser sensitivity at any given range.
This is confirmed in figure 4 showing flow measurements under 
controlled conditions between 0.1 and 4 cm/min and using 50 mW 
conditioned thermistors where a much more linear relationship can 
be observed. However, no value was encountered for flow velocit
ies below 0.5 cm/min. We believe that this is not due to improper 
conditioning but rather to the inability to create flow of these low magnitudes.
Measurement of wood moisture
Both methods of measurement of flow presented use directly or 
indirectly the heat capacity of their surroundings. Therefore, 
thermistors might also be used to measure continuously and at one 
single location wood moisture content. In order to do such 
measurements, the wood cannot be heated excessively since this 
would affect the wood moisture content itself. It was calculated 
that 0.5 mW would heat the wood 0.22°C above its ambient tempera
ture, when it is completely dry, to 0.15°C when it is a t the 
fiber saturation point and to 0.09°C when it has a moisture 
content of 100%. This appeared to be tolerable and the results of 
measurements in 2cm x 2cm x 2cm samples exposed to a series of salt solution prove the validity of the concept.

WOOD MOISTURE 
CONTENT 

%
SIGNAL USING 

CONSTANT CURRENT 
0.15 mA

SIGNAL USING 
CONSTANT POWER

0.5 mW
3.2
4.8
6.2
7.9

17.0
24.0 
30.6

0.72 
0.78 
0. 95 
0. 99 
1.15 
1.45 
1.55 
E

E
R
R
A
T
I
C37

47
56
61
79
98

R
R
A
T
I
C

0.06 
0. 19 
0.36 
0.53 
0.62 
0.76 
0.92121

Table 1 Exploratory measurements of wood moisture 
content using directly heated NTC thermistors 
by constant current and constant power
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CONCLUSIONS

Exploratory measurements confirmed that the technique presented in this paper does has potential to be used to evaluate accurate
ly and continuously not only flow in wood but also moisture content in a single point of measurement.
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