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without filling.
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This partiCular conhdenser in this
tutorial IS @ 150 mm (6") long con-
tihnuous double CoOil, for a 50 mm
(2") diameter column, ahd uses 6.¢
mm (2/4") copper tube. This size
double Coil condenser comfortably
handles 2400 W Of water Ssteam.
(Put some mesh or sCrubber paCk-
ing in the top section.)

You Cah inCrease the condenser
length up tO0 200 mmMm without any
problem. But longer thanh that and
you Start runhning into inCreasing
baCk pressure, and henhcCe a re-
duced maxXimum COoolant flow rate.



YOou Cah also inCrease the Coil di-
ameter (width). I would not go big-
ger thah to suit @ 75-80 mm column.
[Larger diameter COils are much
easier to winhd than smaller diame-
ter.

This tutorial only desCribes how to
do @ continuous double coil, but it
iS the same DbasiC sKills ahd tecCh-
niques for a single Coil, and a single
COil IS much easier.

Double (and single) Coils Cah also
be made using ¢.75 mm (3/16") OD
tube. This size tube is both easier



tO WOrk ahd more efficient at heat
exchange, though it is less robust
thah larger size tube, ahd might
NOt be as easy to |0Cate either.

Single Coils Cah also be made using
9.5 mm (3/8") tube. Tt is hard toO
wind 9.5 mm tube Ssmaller than
about 32 mm (1.5 OD, which
equals @ mandrel Of about 25 mm
(1"). TWinding contihuous double
Coils ih 9.5 mm by hahd is more dif-
FICUlt, even larger ohes for a 75 m
columnh. The Chahgeover from the
inher to the outer Coil is partiCu-
larly triCKy.



6.4 mm tube is g very good Ssize for
our purposes.

Winding a coil, especCially a double
contihuous coil like this, is not
easy. You are likely t0 make mis-
takes the first time you do it, es-
pecCially forming the first turh Of
the Coil.

Read through the whole tutorial
carefully before starting. It Will
help you understand the reason for
some Of the steps earlier in the
process.



The piCs were taken during 3-¢
condenser builds, SO the conden-
sers Will not all ook exactly the
Same.

(MY hands might |ook in a slightly
awkward position in some Of these
piCS. That is beCause ] had to get
into g good positionh for the Cam-
era ahd lighting.)

1. Tools and Materials

o ANnealed, thick walled (0.8 mm,
1/32"), 6.4 mm Copper tube, 3 m



length. (Ahnhealed comes as a Coil,
not g Straight length. You Cah get
it gt refrigeration trade suppliers.
Canh be difficult to get by the me-
tre, often Cah only buy a 30 m roll.)

For a 150 mm |ong double Coil for a
50 mm columnh you heed 3 m (10') Of
tube.

For a 150 mm |ong sihgle Coil for a
50 mm column you nheed 2 m (6.5') Of
tube.

Do not bend or straighten the
tube, leave it in the Coil shape it
Came in.



(Jsing a hyloh or stainless wool
scourer to remove ahy ink markings
Oonh the outside of the tube.

e 3 M Of tube.



e Hand held propane or MAPP
torch.






* 6.4 MM (1/¢") bending spring. 1 use
ah exterhal spring. Very cheap,
ahd aVvailable at refrigeration trade
suppliers. Makes the Job much eas-
ier.

e TUbe Ccutting tool. ] use a tube
cutter, but a fine blade haCksaw oOr
Dremel too| would be fine.

e [,arge blade sCrewdriver

e 16 mm OD (5/8") ihner mahdrel,
rigid, Can be solid or hollow (ie a
tube). About 300-350 mm (12-
1¢4")long.



e TwWo 32 mm OD (2.25") outer man-
drels, rigid and hollow. (QOne about
65-75 mm (2.5-3") |ohg, the other
about 150 mm (6").

(Note the Carefully positiohed and
Clearly marked measuring StiCK,
placed there onh the expert advice



Of g retired archeologist, Profes-
sor B.)

Roughen the outside of the short
outer mandrel, ahd the inher man-
drel, with abrasive paper, SO they
are easier to grip. (Ih mMost piCs in
this tutorial the mandrels are nhot
roughened. 1 have roughened
them since.)

Rouhd OfF about 1/2 Oof the outside
Oof ohe enhd Of the short outer
mandrel.

(Note the rouhded edge onh the top
Of the right hand end.)



e Make sure mahdrels and Spring
are Clean, ihside ahd out.

e Make sure the mahdrels are made
from Safe materials. T use Copper
Or Staihless.



Notes:

o  ANhealing

You Wwill heed tO ahnheal Various
sections of the copper tube during
the project.

Anhnealing is done by heating the
Copper tO red hot ahd letting it
COo0|, either slowly in air, Or quUICKIY
with water. If You use water then
dry it Off before working further
oh the Coil.

Anhnhealing copper makes it much
softer ahd easier to bend (work).



Freshly anhealed Copper tube Cah
Kink easily, so take it fairly gentle
unti| you get the hanhg of working
it.

Anhnealing also wears Off quicCKly
ohCe the Copper StartsS being
worked. PBecause it work hardens
GUICKIY, try to get g bend right the
first time. If you heed to adjust an
imperfeCt benhd, some selective re-
ahnealing Cah be very useful or
even hecessary.

Only anneal the area You heed tO
work. You waht asS much as possi-



ble of the tubing ih the finished
condenser to be work hardened.

Nonetheless, don't be afraid tO
anheal, more thah once if heces-
sary. The right use Of anhealing is
the key tO SoOlving most problems
with winding a coil by hand.

e Try nOt tO bend the tube feeding
from the originhal big Coil as you
wind, it makes it stiffer and harder
tO Wihd when it gets to your hanhds.
1t is @ bit triCKY and you Cah't avoid
some bending as it Straightens out
whenh it comes Off the Coil. Just



Keep it t0 @ mihimum, ahd do some
re-ahhealing of the feed section if
necessary.

o Always keep as much tension on
the tube as possible as you wind it.
Tt is this tension that Stops it from
KihKing. This is hot necessary when
bending it with a bending spring.

2. Ctarting the Wind

Hang coil on @ hook or angled peg
about chest height.



Arrange and hold the tube anhd
mahdrel like this. (The tail iS com-
ing out the bottom Of the picture.
1 am right handed, lefties might
prefer t0 do everythihg mirror im-
age.)

[Leave a 300 mm tail, anhd start with
3 40-45 degree ahgle between the
tube ahd mandre|



Holding it all as tight you Cah, ahd
Keeping asS much tension onh the



tube as you can, pull the hand
holdihg the tail down and around
the manhdrel, keeping the angle be-
tween the tube and the mandrel.
(Jse your thumb as the pivot point.

You Wwill get some degree Of flat-
tening of the tube as you wind the
Coils, mainly on the ihher Coil. This



IS hOt g problem, as long as it is only
minor.

You might find it easier to use the
benhding spring to put the first 160
degree Of bend in the tube (any-
more thah about 160 deg Can make
it very difficult t0 remove the
bending spring). If you do it this
way, then use a slightly Ssmaller
mahdrel just for this first bend, to
allow for the thiCckness Of the
bending spring. TRemove bending
sSpring and continue...

Reposition your hahds, and contin-
ue...



Keep the original anhgle between
the tube and the manhdrel until you
get most Of the way through the
First turn, then start Chahging the
ahgle towards 90 degrees.



Swap sides and hanhds, and contin-
ue the wind until you have a full
turn.









This iS the hardest part Of the
whole projecCt. If You Cah get this
far, You are halfway home.

3. Inner Coil




continue winding 1/3 @ turh Or SO
at g time, then repositionhing your
hands, anhother 1/3 turh, etC, until
you have 150 mm Of full coll.
(Whenh measuring this distance, al-
low fOr the fact that the widely
SpaCed turn Or two at the Start Will
be compressed dowh in a later
step.)

The first 3-¢ turhs Cah be a bit
triCKY, but just persist a little bit at
a time. You will fihd that the tall
will tend to wind around the man-
drel in the opposite direction, be-
cause as you wind the maih Coil you
tend tO |everage against the tall.



This is difficult to avoid, just keep
it t0 @ minimum. You will usually
end up with ah extra 1/2-1 turh, at
the tail end. This counter winding
yeaCtion is why you Start with some
extra tail.




You Cah wind this way...

or this way...



Some might find it easier tO swap
hands and wind this way...



Ending with this...



Notice the |ast turh (at the bot-
tom Of the piC) iIs straightenhed up



SO it comes baCk onh itself, ready
for the Changeover.






Remove the inhnher manhdrel. You
may have to |oosen the Coil g little
by gently twisting it against the di-
rection of the wind. (Hanhd oh |eft
Of piC is twisting up, hand on right
IS tWisting down.)

CheCk tO make sure you Cah easily
re-insert the mahdrel.



Anhneal the trahsition between the
starting tail and the first Cclosely
spaced turn of the Coil. (AlsSO an-
neal the first 75 mm Or SO Of the
tail Coming Off the [ast turh at the
other end Of the CoOil. This is for a
later step, but might as well also do
It how.)

You Canh Clearly see the annealed
sections inh this piCc, the dull, dis-
coloured, burnt |0OKing areas at ei-
ther end Of the Coill:



Re-insert the mandrel. Alterna-
tively compress, tighten, and aligh
the widely spaced turh Or two at
the top Of the Coil, ih steps, ahd
generally work it until it is matChed
up with the rest of the Ccoil. You
may need tO re-ahneal this section
Of COil about half way through this
process.



You do not have to do this step.
YOou Cah SKip it ahd 80 Sstrgaight tO
bending the tail. If You do |eave it
like this thenh it would be better to

have a slightly |onger condenser,
175-200 mm (8").







TRe-anneal at this point if required.
continhue Carefully...






TRe-insert mandrel, and use a twist-
Ing motion Of the SCrewdriver toO
evenly space the Coil turns (except
that |ast onhe, at the bottom).



Remove the manhdrel. TRe-anheal
the ¢0-50 mm section Of the tail
immediately coming Off the first
turn. Re-ihsert the mandrel to |ev-
el with the bottom Of the Ffirst
turh (bottom right Of piC).



(Jse the bending spring to turnh the
tail upwards, towards parallel with
the Coil axis. TPivot aground Yyour
thumb.









Remove the mandrel ahd re-anhheal
the hew bend down to the first



turh Of the Coil. TRe-insert the
mandrel| ahd slide it up SO about 75-
100 M IS StiCKing out Of the tall
end of the coil. WWork the tail to
be as Close a fit to the mahdrel as
possible.









The aim IS For the outer mahdre| to
be able to easily slide over the talil
and inher Coil.

CheCk the ihher COil is Straight
overall, and carefully adjust if hec-
essary. It should be fine, but
check because you Canh't adjust it



once the outer Coil hasS been
wound.

Sometimes the first turh Or two On
the ihner COoil Will hot Ccome out
quite perfect, but as long as there
IS O KinhKing ahd hothing is tO0 out
Of alighment, then don't worry
about it.



4. Changeover (from inher to
outer Coil)

Remember that you previously an-
nealed the Chahgeover section Of
the tube. Tt was for this step.

Ihsert the short outer mahdrel
over the innher Coil. [,ine it up SO
the centre Oof the rounded edge of



the manhdrel is |oCated where the
tube Will reverse wind direction
ahd Cross baCk onto the outer
mandrel. (Top right Of piC.)

Hold the assembly Ffirmly like this




Place winding hahd like this

aving a roughened surfaCe oOnh
this short outer mahdrel helps to
get g good grip. It may help toO




Clamp the left hahd enhd of the in-
ner mahdrel in g Vice for this step.

Wind the tube baCk aCross the
outer manhdre| inh the opposite di-

reCtion of the ihher wind, baCk up
the mandrel.






The first turh after getting onto
the outer mandrel is difficult, and
this IS one Of the danhger points for
Kinking. But just persist with it a
little bit at a time. TrYy doing this
turn in 3-¢ steps, rather thah all at
onhce.

Re-anneal 1/4-1/3 the way through
the first turh, anhd continhue till You
have most of the first turn.



The first turnh on the outer Coil
usually ends up slightly larger and
looser on the mandrel than the
rest Of the outer Coil turhs. Donh't
worry about it.

The outer mandre| will be kind of
loose ahd Sslightly Off centre from
the ihher Coil, and SO the outer COlil
will usually be slightly off centre
t00. TPBut this iS @ minor problem
that is difficult to avoid, and that
Cah be corrected (adjusted) easily
at a later step.



5. Quter Coil

The hext 2-3 turhs onh the outer
mahdrel Cah also be difficult, but
again just persist with it g little bit
at g time. Again Clampihg the non-
winding enhd Of inher mandrel in 3



vice may help. Ahneal the 150 mm
Or SO SecCtion Of tube coming into
the bend if hecessary.

OncCe the first turh has been done
this way...




then 1 swap sides and hanhds like
this, FOr the next 2-3 turns.

OncCe you have enough turns for
you tO be able to get a firm hold on
the wounhd enhd (about 3-¢ turhs),
then exChange the short outer



manhdre| for the |ohg outer mah-
dre|.




Cwap sides ahd hands bacCk, and
continue winding the outer COoil.
This |ast sectioh of winding is the
easiest of all.









AS you get towards the end of the
outer CoOil, keep ah eye on the
alignment between the inher tail
ahd where the outer tail Will end
up. You heed tO avoid the inhher
and outer Coils Or tqils Crossing
ahd touching in the finished con-
denser.

Gtop the wind about 1/2 turh past
the ihnher tall.




If you have some excess tube as
you get hear the end of the wind,
thenh bunCh up the Coils a bit and
use up that extra tube, (but make
sure you leave enough uhwound
tube for the tail). You Cah adjust
the SpaCing afterwards.
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There are two Wways to ad)ust the
COil SpaCing for the outer Coil.

First, spread anhd evenly space the
COils with the sCrewdriver, same as
for the inner Coil.



1 SpacCe the Coils 3-6 mm apart.



Theh, if the outer Coil is evenly
spaced but is also Sstill slightly
shorter or |onger thanh the inhher



COil, You Can adjust the outer COoil
length by firmly (but Carefully)
grabbing both ends and pulling or
pushing it. Be Careful, it is easy to
overdo it. You might want to put
the outer mandrel back ih to do
this.




So using these two techniques,
this...

Cah become this



Remove the mahdre|l and re-ahheal
the [aSt 1/8 Of the |ast turh Of the
outer Coil, ahd the 40 mm section



Of the outer tail immediately com-
ing OfFF the |ast turn Of the Coil.

Re-insert the outer manhdre].

(Jse the bending spring the Same
way as with the tail of the inner
Coil. Make sure you use your honh-
bending hand to support the Coil



immediately hext to and beheath
the benhding point.












Remove the bending spring anhd
manhdrel, re-anneal the bottom half
Of the hew bend.

Re-inhsert the outer mahdrel, anhd
work the tail up against it, ih the
same way as with the inher Coil.




The outer tail has to be flush with
Or slightly inside the outside line of
the outer Coil, SO that the whole
condenser Canh Sslide easily and
evenly inside the column.

Before adjusting the outer tail...

After ad)usting the outer tail...



After you have used the mandrel
ahd bending spring to adjust the
outer tail, You may nheed tO0 work
the tail by hand a little further to-
wards the centre Of the conhden-
ser, tO get it in the right position
tO fit easily and evenly inside the
column. Do this Carefully. I find it
better not tO re-ahneal £or this last
small adjustment.



ChecCk the fit in the column...

Finally, make sure the outer Coil is
straight. Ad)ust if hecessary.



6. Alighing Coils

This IS tO aligh the two Coils with
eaCh other, SO they are nicely con-
centricC.

There are twO WaysS to do this
aligning. ([Jse both ways Carefully,
the adjustments required are usu-
ally small. (I do not re-aghnheal for
this step, becCause only small ad-
justments are usually nheeded.)

Insert the innher manhdre|l 2 CoOil
turns deep into the bottom Of the



inher Coil, and lever the innher Coi|
against the outer Coil...

Or just working the Coils with your
hands...









Chould end up looking like this
(when the coil Is vertiCal anhd
viewed from directly above, this
piC Was set up for a horizontal
shot).



7. Cleaning

Soak for 2¢ hours or so in fresh
plain white vinegar.

You Cah just soak the outside of
condenser only, hot inside the
Coolant path. (See piC below. Note



the tail ends Ssticking out oOf the
vinegar.)

If you have a taller soakihg conh-
tainer and Cah cover the tail ends
with Vinegar SO the Coolant path



gets filled and Cleaned too. Keep
the Coil vertiCal until it is filled
with Vinegar, t0 make sure all the
air bubbles have beenh flushed out
Of the COoOlaht path.

A thorough rinse anhd flush with
water, ahd a touch up with an old
toothbrush and a bit Of steel wool
(especCially any tail ends that were
Sitting out Of the Vinegar). And...

8. Finished Condenser
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The End



