DYNAMICS OF SAP AND VACUUM FLOW

Timothy D. Perkins, Director
University of Vermont
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Vacuum increases sap yield. 50-200% increase in sap yield using vacuum. Strong linear
relationship between vacuum level and sap yield (more vacuum =

more sap). Does NOT greatly affect sap chemistry, sap sugar content, or wounding.
right Timothy Peskins, UVM Proctor,

Vacuum level? The higher the bCeoWer Detection and repair of leaks is critical.
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Effect of Number of Taps on Lateral Lines
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Fewer taps on a lateral line results in higher production. Vacuum is not propagated well
through liquid. When lines are full of liquid, vacuum level at the tree is reduced, resulting
in lower production.

“Strive for five, no more than ten”°"OR; "EVér Pf%ij;éjgﬁgtpé%"?oses ~10% of sap yield

ap
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I Control - 5 Taps/Lateral Martin Block
(High Yield
Study) XK@
I Chamber Spout Base
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- One Tap/Lateral

Mainline /
No Laterals

Red
Series

* Initial thinning
* Treatment plots laid out
(12 Plots, Total 775 taps
Avg 65 trees/plot, (Tubing

” Compatrison
AVg 14.2” dbh ) Study)

* Mainline/tubing installed
* Sap shed expanded
* Vacuum pump installed

O Property Boundary

* Custom releasers Copyright%@?ﬂ?@@?ﬂﬂﬁjﬁrUVM proctod Funded By: NAMSC & USDA Grants
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High Sap Yields

Treatment 1.
Control — Standard Layout
3/4” Mainline
5/16” Lateral Line

3’long, 5/16” Droplines, 3-5 taps per lateral

N3

Treatment 3.

One Tap per Lateral
3/4” Mainline ™
5/16” Lateral Line
3’long, 5/16” Droplines, 1 tap per lateral
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Treatment 2.
Chamber Spout Base
3/4” Mainline __
5/16” Lateral Line

3’long, 5/16” Droplines, modified chamber spout base

Treatment 4.
No Lateral Lines
3/4” Mainline -
3’ long, 5/16” Droplines, 1 tap per lateral

Copyright Timothy Perkins, UVM Proctor
l\/l::rxln Ras F+rl l\/l::\’/ 2010
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All single-pipe systems
Very long mainlines
Average of 65 trees/plot
25-26” Hg

Tapped at the same time

Standard Leader Spouts
& Stubbys (NOT CV)

VM Proctor
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Sap Yield (gal/tap)
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5 Taps Per Lateral

32.1

30.7

29.1

1 Tap Per Lateral

Mainline Only

Copyright Timothy Hgﬁﬁtmethroctor

Maple Res Ctr, May 2010

Chamber Spout Base




Malnlme Systems have been Optimized

Both single-pipe and dual-pipe systems, if sized and installed
properly are able to transfer vacuum to the far reaches of the
mainline system. Research and practical experience have resulted
in systems that function very. well..Little, more can be done here.

Maple Res Ctr, May 2010



Why No Differences in Sap Yield?

Chamber Spout Base results are likely NOT
representative due to large number of leaks
from both the spout/tree and

spout/spout base interface.

We will repeat this study in 2011 using an
improved Chamber Spout Base design or
(more likely) something else.

1. Vacuum is being equally well transferred
through all the mainline systems.

2. Sap flow in 2010 was low-moderate for
most of the season and never truly
“challenged” any of the systems.

3. Mainline is NOT the major restriction in
tubing systems. Something else is.

4. Other?

So is the system we have now
the best possible?

Copyright Timothy Perkins, UVM Prctr
Maple Res Ctr, May 2010




What about Lateral Lines and Drop Lmes ?

Plastic tubing was originally
adapted from medical and
industrial tubing sources
and tended to be %" inside
diameter.

Fittings were necessarily
sized to fit the tubing.

Early on, most tubing was on gravity. When run downhill, having a
number of taps on small diameter tubing served to develop
“natural vacuum”, which increased sap yields.

In current systems, vacuum pumps replace “natural vacuum?”,
however this creates a problem of having to transfer gases (from
the tree and from leaks) through the tubing system along with sap.

Vacuum is not propagatedwell. throughliguid.

Maple Res Ctr, May 2010



Factors that Restrict the Flow of

Sap and Vacuum in Current Tubing Systems
Ah=A(1/dy) (/g 2)

Major Losses
e Type of fluid (capillarity)

 Flow rate (number of taps on a lateral line)
 Pipe length (length of laterals and drops)

e Pipe roughness (dirt/debris/biofilms)

e Pipe diameter

Minor Losses

e Tubing fittings (restrictions, number of fittings
on lateral line, changes in direction/bends,
merging of sap streams at tees)

e Turbulence

e Gas from tree (gas moves faster than liquid)
 Change in flow directiotf (backfigw) .,




2.0 Fitting ID Tubing ID
100' 5/16” Lateral line
1.8 - 10 taps
) Mod-High Flow Rate
0.2'
1.6 - 1.4” Hg
1.4 -
E 1.2 -
A
9 1.0 - 0.9”-Hg
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o 0.8 - 4
I
0.6 -
\
0.4 - \
. .~~~ 5/16"
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0.2 -
5/8 n
00 ——- — i
0.15 0.25 0.35 0.45 0.55 0.65

sh=A(1/dy) (v/g2)

Tubing Diameter (inches)

A loss of pressure that results from friction sustained by a fluid passing through a line,
valve, fitting, or other device. Head loss that occurs in pipes is dependent on the
flow velocity, pipe length and dlameter and a friction factor based on the roughness

tT|m

of the pipe and the Reynolds n Uumb er.Q
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2.0

10 taps
1.8 -1 Mod-High Flow Rate

1.6

14 5

1.2

- 1)
1.0 e 0 0.9”H

0.8 SI° _—

Head Loss (ft)

0.2 é
oo r . 1/2” line + fittings ‘= +

50 100 150 200 250 300

Ah=A(l/d,)(v?/g2) Lateral Line Length (ft)

A loss of pressure that results from friction sustained by a fluid passing through a line,
valve, fitting, or other device. Head loss that occurs in pipes is dependent on the
flow velocity, pipe length and dlameter and a friction factor based on the roughness

of the pipe and the Reynolds Al ér'g Eﬁgterr ”asy ij Proctor
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1.8 Mod-High Flow Rate |
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; 5/ 1/2” line + fittings
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0 2 4 6 8 10 12 14 16 18 20
Ah=A(l/d,)(V*/g2) Number of Taps per Lateral Line

A loss of pressure that results from friction sustained by a fluid passing through a line,
valve, fitting, or other device. Head loss that occurs in pipes is dependent on the
flow velocity, pipe length ancd dri.ahmeter an?_a friction factor based on the roughness

. opyright Timethy Perkins, UVM Proctor
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14.0 12.25
12.0 Mathematical Modeling of o 10,50
' Pressure Loss in Lateral Lines Peak Flow T
(many taps, long lines)
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Ah=A(l/d,)(V*/g2) Sap Flow Rate (gal/hr)

A loss of pressure that results from friction sustained by a fluid passing through a line,
valve, fitting, or other device. Head loss that occurs in pipes is dependent on the
flow velocity, pipe length and dlameter and ﬁl(lfrlctlon factor based on the roughness of

the pipe and the Reynolds numB\’”ﬁl\?} ”ﬁthyf&gv\&;; t;(\)/ll\g Proctor
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Effect of Number of Taps on Lateral Lines

2 4 6 8 10 12 14 16
Number of Taps per Lateral Line

Fewer taps on a lateral line results in higher production. Vacuum is not propagated well
through liquid. When lines are full of liquid, vacuum level at the tree
is reduced, resulting in lower production.

“Strive for five, no more than ten”°"OR; "EVér Pf%ij;éjgﬁgtpé?%"?oses ~10% of sap yield

ap



Measurement of Sap Flow
Under Vacuum

Two trees (25” and 11” or 16” dbh)
5/16"” spout and tubing
Connected to vacuum chamber

22" Hg

Each line runs through an individual
tipping bucket rain gage

Bucket tips are 7.6 ml (0.002 gal)
Time of each tip recorded with

datalogger.

VM Proctor
010




Tipping
Bucket
Rain
Gage
Inside

Vacuum
Chamber
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Sap Volume (gal)
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Sap Flow from Individual Trees - 2010

Datalogger Failure

Datalogger Failure

16inch

25 inch

11linch

3/3

3/10

3/17

3/24

Copyright Timothy Perkins, UVM Proctor
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Instantaneous Sap Flow Rate (bucket tips/hr)
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Copyright Timothy Perkilﬁd{w Proctor
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Instantaneous Sap Flow Rate (bucket tips/hr)
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Instantaneous Sap Flow Rate (bucket tips/hr)
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Early Season — Vacuum-Iinduced Low Flow B

0.2 gal/hr

0.1 gal/hr

lllfp Ty n |
'I Ir', fl,"l,-' ',' b4 F ; 3 ,-\,"I\

12:00 18:00

6:00 12:00 18:00 0:00 6:00 12:00

Copyright Timothy Perkins, UVM Proctor
Maple Res Ctr, May 2010

0:00



Vacuum Measurements
Recording Gages

Error limits + 0.1% FS (0.09” Hg)
Measured at 1 sec intervals

6 locations in dual-pipeline system
Pump (before moisture trap)

* Releaser (upper stage)

e Mainline (25’ after manifold)

* Mainline end (~300’ from manifold)
* Dropline (4t tap — normal spout
. Dropllne (4t tap — CV Adapter)
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imothy BefKkins, UVM Proctor
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Vacuum (inches Hg)
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Sapin :
lines ——Dropline
— Pump ||
— Turned On —Mainline
= Pump -
Natural
vacuum
Vacuum in dual-line system Vacuum level at the taphole
closely tracks pump slowly decreases during sap run
s
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Approaches to Reducing Losses
Due to Lateral/Drop Line Restrictions

Dual Lateral & Drop Lines Chamber Spout Base Oversized Lateral Lines
(Modified Stubby)

Fall 2008 Spring 2010 Spring 2010

Spffng 2009; Spflng 2010 Copyright Timothy Perkins, UVM Proctor
Maple Res Ctr, May 2010



Dual-Line
Spout Video



Sap Yield (gallons/tap)

30
2009 - Single versus Dual-Lateral/Dropline

=@=Single

=@=Dual

0 | | |

2/26 3/5 3/12 3/19 3/26 4/2 4/9 4/16
Copyright Timothy Perkins, UVM Proctor

Maple Res Ctr, May 2010



2010

Chamber Spout Base
%" PVC Fittings

Bushing to mate to a
Clear-Straight-Through
(CST) Spout

5/16” Drop & Lateral
Line

VM Proctor



Modified Spout Base

o
Spout Adapter

/!

Taphole

MBI Spout Adapter
Base
Connector
< Tubing
Connector
5/16" Tubing

Copyright Timothy Perkins, UVM Proctor
Maple Res Ctr, May 2010



Sap Yield (gal/tap)
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2010 - Over-Sized Lateral Lines & Fittings
| with modified Spout Base
| 18.4%
| ==5/16" line
=@=1/2" line
2/24 3/3 3/10 3/17 3/24 3/31 a/7

Copyright Timothy Perkins, UVM Proctor
Maple Res Ctr, May 2010



Summary

Calculations indicate that we are frequently
losing up to 2-4” Hg of vacuum due to lateral and
droplines (diameter, length, fittings, etc.) at
moderate-high flow rates, and transiently losing
up to 10” Hg at peak flow rates.

This represents a 10-20+% loss in potential sap
vield during good runs, and up to 50% loss during
orief peak flow periods.

Does this loss actually occur in the field?

s this an acceptable loss?

Can we do something about it?






