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Definitions

Stem diameter bark thickness
Bark

I Stem diameter = stem width

Sapwood

- Xylem = sapwood + heartwoo

I Sapwood = conducting tissue

Heartwood

Xylem radius Sapwood depth

ark

I Heartwood = norconducting
tissue

apwood

eartwood
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Definitions

Radial Profile

Positive Flow

Zero Flow

Reverse Flow
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A Brief HIstory

existing methods
I Low and reverse flow

I DrStephen Burgess,
University of Western Australia

i Seminal publication: Banksia prionotes U s M Se L. it
Burgesst al. (2001)Tree Physiolog®1: 589-598.
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A Brief HIstory

Tree Physiology 21. 589598
© 2001 Heron Publishing—Victoria, Canada

An improved heat pulse method to measure low and reverse rates of
sap flow in woody plants’

STEPHEN S. O. BURGESS. ™ MARK A. ADAMS.! NEIL C. TURNER.” CRAIG R. BEVERLY.”
CHIN K. ONG.* AHMED A. H. KHAN? and TIM M. BLEBY"
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Thermistor Location

35 mm
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Needles Installed in a Tree

Downstream
temperature probe

Outer Inner

A
\ (a,b) (c,d) 5
Heater . - ,
probe Y a c Sap
' flow
|| || ] |
b ’\ /‘ d
Temperature
Upstream sensors
temperature
probe '* T
Bark + Sapwood Heartwood Centre of stem
1 cambium
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Step 1: Initial Temperature 1 31 sec

Downstream
temperature probe

N

Heater

probe Y Sap
flow
Temperature
Upstream sensors
temperature
probe 4 T
Bark + Sapwood Heartwood Centre of stem
1 cambium

%g Solutions for soil, plant & environmental monitoring

77%\? www.ictinternational.com

INTERNATIONAL



Step 2: Heater Pulse i 2.68 sec

Downstream
temperature probe

N

Heater

probe Y Sap
flow
|| || ] |
b ’\ /‘ d
Temperature
Upstream sensors
temperature
probe '* T
Bark + Sapwood Heartwood Centre of stem
1 cambium
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Step 3: Walit1 60 sec

Downstream
temperature probe

Heater . - ,
probe Y a c Sap
' flow
|| || ] |
b ’\ /‘ d
Temperature
Upstream sensors
temperature
probe '* T
Bark + Sapwood Heartwood Centre of stem
1 cambium
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Step 4: Measure Temp I 40 sec

Downstream
temperature probe

N

Heater

probe Y Sap
flow
Temperature
Upstream sensors
temperature
probe 4 T
Bark + Sapwood Heartwood Centre of stem
1 cambium
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Raw Temperature Mode 1 Outer Sensor
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Step 1: Initial Temperature

31 seconds
initial temperature
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Step 2: Heat Pulse
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Step 3: 60 second walt
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Step 4: Temperature Measurement

40 second
measurement period
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Raw Heat Velocity Equation

=~Inv, /v, 3600

v, = heat velocity

k = thermal diffusivity ,

vV, = average increase temperature downstrea -

V, = average increase temperature upstream .+ %

X = distance of temperature needles :?‘f""’ |
from heater needle o

3600 = converting from seconds to hours
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Calculating v, and v,

Temperature ( C)

40 60 80 100 120 140
Time (seconds)
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Calculating v, and v,

2.0
1.8 1 Heat Pulse
o] |
(Q\
1.4 -
P
—
= 12
1.0 -
?
0.8 - @
0.6

20 40 60 éO 160 1é0 140 160 ring
Time (seconds)

%




Calculating v, and v,
2.0

1.8 - e

1.6

14 Only use the last 40 seconds of data

1.2 -

Vv, IV,
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Calculating v, and v,
2.0

1.8 - @S

1.6

14 Linear Equation for last 40 seconds of data:

y = 0.0004x + 1.82

Vv, /v,

1.2 -

Note slope is less than 0.01
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Raw Heat Velocity Equation

vy = = In v, /v, 3600

k = 0.0025 crast
X =0.5cm
A = 0.538 C

v, =0.294 C

v, =10.865 cm ht
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Raw Heat Velocity Equation 1 Zero Flow

ZERO Flow: Vj, = —

k = 0.0025 crast
X =0.5cm

v =10C

v, =10 C

v, =0.000cm ht
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Raw Heat Velocity Equation T Reverse Flow

REVERSE Flow, =-

k = 0.0025 crast
X =0.5cm

v, =0.7C

Vs =09 C

v, =-4.523cm ht
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Raw Heat Velocity Equation T Low Flow

LOW Flow: Vj, = —

k = 0.0025 crast
X =0.5cm
v =0.71C
v, =0.70 C

v, =0.255cm ht

@ The logarithm of /v, allows for low flow
T

7%\? Solutions for soil, plant & environmental monitoring

www.ictinternational.com




Raw Heat Velocity & Thermal Diffusivity

=~Inv, /v, 3600

v, = heat velocity

k = thermal diffusivity ,

V, = average increase temperature downstrec, e

V, = average increase temperature upstream |

X = distance of temperature needles ’
from heater needle

3600 = converting from seconds to hours
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Thermal Diffusivity

Definition:

The thermal conductivity of a substance divided by the product of its density and its
specific heat capacity.

Marshall (1958): k = 0.0025 cm? s!

Values range between 0.0014 (water) and
0.004 (dry wood)

Measure directly with

Solutions for ¢

INTERNATIONAL



Thermal Diffusivity T Empirical Technique

-

Equation 8: F=—210000
pc

k = thermal diffusivity

Kyw = thermal conductivity

P = basic density of wood (dry weight/fresh volume)
c = specific heat capacity of fresh wood matrix
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Thermal Diffusivity T Empirical Technique

- - Po |, 4 Po
Equation 9: Kew =Km —+K (1-m —
Ps Ps

K = thermal conductivity of water (5.984 x-10m st at 20 C)
K, = thermal conductivity of dry wood matrix (see next slide)
p, = basic density of wood (dry weight/fresh volume)

c, = specific heat capacity of wood matrix

C, =specific heat capacity sp

m. = water content of sapwood

P, = density of water
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Thermal Diffusivity T Empirical Technique

P
Equation 9: RSFH . LK (1—m, ph

c, =1200Jk§ Ctat20C
c, =4182J kgt Clat20C

ps =998.2071 kg Mat 20 C
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Thermal Diffusivity T Empirical Technique

P
Equation 9: RSFH . LK (1—m, ph

P, = basic density of wood (dry weight/fresh volume)

m. = water content of sapwood
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Fresh & Dry Weight, and Fresh Volume

I Collect sapwood sample
I Fresh weight as soon as possible

I Volume: cylinder oArchimedes
principle

I Dry weight: 2 days in oven at &b
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Thermal Diffusivity T Empirical Technique

. - P - P

Equation 9: K. = Km 2+K (1-m_ ~—2

Ps Ps
Equation 10: K_=004182(21.0—-20.0F,) F, =void fraction

Py, 06536 +m
Equation 11: E, =1 —( g 1000
1O
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Thermal Diffusivity T Empirical Technique

-~

Equation 8: F=—210000
pc
11'-['-{'“' _'|_ {15(1“1' _1|1dj
Equation 12: =
TI'f

w; = fresh weight (kg)
wy = oven dried weight (kg)
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Converting Raw Data to Sap Flow
Heat Velocity

|

Wound Response &
Wood Propertieskresh and dry weight, fresh volume

}

Sap Velocity

'

Stem Properties: Bark, sapwood, heartwood, diameter

}
I@T Sap Flow
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Wound Response
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