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FLOW CONTROLLER DESCRIPTION
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Figure 1 - Flow Controller Dimersions

The AFCS] and 2 are imsulated flow contrallers contain-
ing all flush, fill, and isclation comrnections for a residen-

tial and light commercial geothermial dlosed Toop sistemn

that require a fhow rate of no moes than 20 gpm. The

AFCS] and 2 are equipped with 2 targe bore 114" FPT +

swivel fittings for both earth loop and heat pemp wnit
connections. Either I (AFCS1) or 2 (AFCS2) Taco 0013

chilled watsr rated cartridge type circulators are included
with the flow contraller, Inclnded in this kit are:

» 2 Lay boits for mounting AFC onto stud walls

s 4. Self dri-lﬁ_ﬂg- s]_1ger;__1 metal serews for mountng ARC
ontd heut purip ™

=2 1" MPT PV plug for scaling flush ports after
installagiom . .

FLOW CONTROLLER MOUNTING

General

The fistallation of the ClimateMaster Flow Controfler
shall be made it accordance with olf applicable codes.

Mounting the Flow Controller

The flow controller should be located as elise Lo the unit
as possible o limit ihe lenzth of rubber hose kit and thus
ity associated pressure drop. In general the flow control-
ler can be moonted it any orlentation with the exception
of when the plunp shafts ate in & verlical position as
when it is laid flat oo the [oor or any similar position.
The controller is typically mounted in one of theee
locations. Be certain there is adequate aceess to all
requiret flush ports and valves before mounding.

Sind Wall - Mounling on stad wall with or witheut
drywall can be acconplished by using the twa supplied

lag bolls theough the top und bottom center holes direetly -

into the studs ax shown in Flgure 2,
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Figore 2 - Mounting Flow Coniroller on Stud Wall



Side of Unit - Maonnting on the side of the unit can be
accamplished by using the four self-drilling screws
directly into the sheet anetal aceess panels or cabinet as
shown in Figure 3. Be caraful oot to puncture any
interital piping or other components with the screws, f
shanld be remembered D heat premp aceesy will be
timited i this monsting posizion,
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Figure 3 - Mouating Flow Controller on Side of Unit

Conerate wall - Mounting anto 2 conerars wall can be
accounplished by using 4 1/4" “Tapcon” screws (supplied
by others) direcdy lnto the concrele wall.

Piping nstailation

Tire Flow controler features | 174" FPT swivel fittings
for flexible and easy installation. Table 1 Musteates the
connecions options availalble for the ATCS1 and 2.
Avpid using 3/4" piping oo flows greater than 6 gpm,
Pressure drop in piping systems should be calculated (o
insure adequate Now throwgh unit, All piping should be
insulated with closed cell inzulalion of 152" wall
thivkness. Table 2 shows the insularion requiremments for
typical piping maierialy. Piping insulation should be
gloed and sealed to prevent condensation wsing closed
cell insulation glue. The swivel connectors on the Dow
controller are designed lo he kand tightened only.

Table I - AFUS1 and 2 Connection Materials

To Fittings

PV [-1/4" MFPT x 1" PYC Glue Sccket
FE Iusion 1-1544" MPT x 1-1/4" PE Fusion
FE Barbh | 1-154" MPT % 1-1/4" insert harb™
Copper Sweat 1-1/47 MPT x 1" sweart*

Copper Thread | 1-[4" MPT x 1" MPT Nipple

* Tse double ali-stainless hose clamps
=% Bweal hefare connecting ta flow controller

Table 2 - Typical Piping lnsulation Mzaierials

Piping Material Inzul Description

[" Huse Kit 1-3/8" 1D - 12" wull
1" IPS PE 1-1/47 1D - 12" sl
1-8/4" TIPS PR 1-53/8" 1D - 1/2" weall
2" IPS PE 2-387 1D - 12" gl

Loop side piping is typically polyethylene pipiog
directly into the flow controller. Connection Lo the flow
cantrelier can be secomplished by a fusion ta brass MPT
adapter (CEFAMASA). In muliple Dow controller svstems
such as mudtfanily housing, PYC can also be used on
the loop side, remembening however that the transifion
from PV C ta PE should be accorplished by a flange
comneelion and PV is approved for use only a5 an
itdper plping material in carth loops.

1nit side piping 1s typically connecred using Lhe
ClimaeMasier hosc kit (AHKSE) which contains all
fitiings necessary for connection between the flow
comlroller and the unit as shown in Fieure 5. In the
AFCS] remove cover and make commections as showi i
Figure 4 remembering all areas of the piping should be
insulated to prevent condensation,

Tuking Insulation
brought up 1o cover .
complete connection

344" MPT}

Famaovea
Cower

Figure 4 - AFCS] Piping Deetail

Ta Heat Pump 1°
Swivel Filing T Flow Cantrallar 1 144"
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Figure 5 - AHKSY, Hose Kit typical Detail



External Loop Pumpis])
2HBZAN Voll=4 Arnp Max.

In maltiple unit systems, PVC adapier's (1 174" MPL
PV C socket) to the flow conlroller and standard PV
MpinE matenials can be used to "tee’ more than one unit
it the: Elowar conlroller. TEis recommmendad that a hose kit
still ba used af the and of the PV C piping run to facilitae
case ol mstallation and sarvics of the nuits as shown in
Figure 6. [nsdate all exposed piping and plastic to metal
threads should not be psad doe to Lheir leukare potential.
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FLOW CONTROLLER ELECTRICAL WIRING

Power wiring Lo the fow controller shonld conform to all
applicable codes. Figure 7 illustraies the witing required
tor the Classic and Figure § for the Ultra Classic Series
heat pumps. Now the Tow controller is available in only
in 230% single phase voltage. Pamps are fused througsh a
pair ol eircwit breakers in the unit contrel boxes. See
electrical table for flow coutroller churacteristics,

208230 Valt-4 Amp Max.

Electrical Tahlc
Blodel ¥Yoits Amips Hr
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Fignre 7 - Power Wiring to Classic Series
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Figore 8 - Power Wiring to Ulra Classic Series




FLUSHING THE EARTH LOOP

Onece piping is completed berween the onit, low control-
ler and the ground loop, final purging and charging of the
loop 1s needed,

A fhush cart (af beast 4 1.5 hp pump) is needed to achieve
adequate flow velociey in the toop w purge air and din
particles from tha loop tself, Antifreeze soluion v used
in most areas to prevent freezing, All air and debris most
he ramoved fram the earth loap piping systern before
operation, Flush the loop with a high volume of water al
a high velociny {2 fps in all piping), hath directions using
a flter n the loop retorn lice, of the Hush curt 4o elimi-
nate debris [rom the loop systere. The sraps below must
ba followed far proper flushing.
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Figure 9A - Yalve Position A - Loop Fill

Fill loop with water frome 4 garden hose theough flush
cart betorg using flush cat pamp 1o cnsuere un even fill
and inereass (ushing speed, When water cousistentdy
reeumns back to the flush reservoir switeh to valve
powilion B,
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Figure 9B - Valve position B - Unit Fill

This position should be switched while filling to fill the
unit heat exchanger and hose kit. This should be main-
tained vntil warer consistently is retumed ineo the flush
TCLLTVINT.
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Figure 9C - ¥alve Position C- Loop Flush

switch to valve position C. The supply water may be
shut «ff and the fhash cart tarned on to begin flushing,
Onee the flush reserveir iv ull, do not allow the warer
level in the flush cart tank o deop befow the pump injdet
line or air cun he pumped back cut to the earth loop. Tty
to maintain a fluid level in the lank ghove the return tee
50 that it can not be condnuously mixed back into the
fluid. 50 psi surges can be used 1o help purge air pockets
by simply shotting off the relum vaive going into the

flaesh cart reservodr, This "dead heads® the pump o 50 psi.

To dead bead the pump until maximom pumping pres-
sure is veached, apen the valve back up and a prevsare
strge will be sent through the loop to help parge air
pockets from the piping system. Notice the drop in fluid
level in the flush cart tank, IF all air is purged (rom the
system, the level will drop only 1-2 inches in a 10"
dizmeter PVC flushk tank (abmst a half gallon) since
liquids are incompressible. If the level drops more than
this, flushing should continee since air is still being
compressed in the loop fluid. Do this a number of times.
When the Fuid level 1s dropping less than 1-2" tnoa 07
diameter tank the Aow can be reversad,

e



Add Amifreazs
Cigad Heso Fush Cars

Purap Tast
far air -

; ]' .| Flow
i . Cenalelior

Figure 913 - Valve Pasition Ir - Full Flush

Naow by switching both valves Lo this position water will
flow both through the loap and the nni heat exchanger.
Fimally the dead head test should be checked agaim for an
indication of air in the loop. This floid level drop is
your anly indicatien of air in the loop. Antifrecze may
be added during this pzrt of Lthe flushing procedure
sce antifrecze section for details.

Close the Flush cart return valve and the afier pressunz-
g closs the flush cart supply valve Lo prossurize the
loop to & static pressure at least 50 psl. [ watar pressure
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Figore 91 - Valve position E - Pressurize and Operation

15 livwr s an air cornpressor 10 bump the prossure up
through the BT port Tihe loop may be isolaced by
mewing b valve position E keeping wateh on the
pressure cange of the (Tosh car for presswe greater than
50 psi. Loop static pressare will fluctiate with the
seasony und prossures wall be higher in the winler months
than dwing she cooding season. This fluctwation 1s normal
and should e considered when charging the system
tnitially. Unhook Oush cart oo the flovw controfler.
Install connrar sink plugs using seatant compatible with
PV

ANTIFREEZE SELECTION

(zeneral

In areas where minimom eatefing loop termperaturas drop
helow H0°F or where piping will he routed through aress
subject io freezing, antifreeze is needed. Aleohols and
glycols are commonly used as antifreezes, however vour
lowcal representative shoufd be comyuelted for the antifressc
best suited to your arsa. Freeze protection should be
maintained to 13°F below the Toweast axpected antaring
loop wmperature. For cxample, 3% 30°F s the mintmum
expected entering foap remperanue, the leaving loop
temperature would be 23-22°F and freezs protection
shoutd be at T3°F (3)°F-15°F=15F}. All alcohal’s
shonld bs premixed and pumped from a reservoir aotside
of the building when possible or iniccduced nnder water
level w prevent fuming. Initislly caleulate the wotal
vodume of fluid in the piping system using Tahle 3. Then
use the percentags by volume shown in Tablz 4 for the
amount of andifrecae. Antilroersc concentration should he
checked from a well mixed sanple nsing a hydrometer w
meastee specific gravisy,

Antifreeze Characteristics

Scleetion of the yntifrecee solution (or Chinatebasier
closed loop earth coupled systems requirss the consider-
aticn of many important factors which have long-term
implicalions on Lhe perfomnance and life of the equip-
ment, Each area of concern leads to a different “beat
choice™ of antifteere. The fact is that there is ro “ideal”
antifreeze and any eholce Will require compromises in
avte drea or anodher, Some of the factors to consider are
gatety, thermal performance, cotmostveness, local codes,
slabtlity, convenieace, and cost.

Methanol - hethanod or wood alcohol is considered
koxic imoany formi, goodl heat frunsfer, low w mid price,
[tarmmable in concentrations grearee than 23%, non-
corrosive, and lavr viscosiiv. Mathanol has delivared
sutstanding parformance  earth loops for over B years.
115" paly drawbacks are toxicity and flammabiliee
Althongh methanol enjoys widsspread consumer use as a
winlshield washer luid in even higher concenirutons,
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some lacal codes may lim irs” nse in santh Tnops. To
increase salcly, a pramixed form should be wsed on the
juhsile to increase the safety faclor, Pure methanol cun be
purchased from any chemical supplier.

Ethanol - Ethanal or grain aloohol exhibits zoad hear
lranafer (slighsly less thun methanal}, higher price, and is
flamnable in eoncentrations greatar thun 10%. Ethanal is
generally non-carrosive and has medium viscosity.
Ethanal in it pure form is conskdared nontoxte and
shows promise as a geothermal heat transfer fluid,
howewver the TS, Bureaw of Afcohol, Tobaceo, and
Firearms (ATE) limic its” disteibation. Al non-Beverage
ethane] s required o be denatured and rendered unfit to
drink. Generally this is done by adding a small percent-
age of toxic substances such as mathanol, benzcae, o
gasoline as a denajueant. Many of these denatmrants are
difficult to identily by the casual nser and many ure not
compalible with palyethylens pipe. Only denanired
clbanol can be purchused lor commercial use, OM docs
not reemmend the use of ethanal becauss ol the un-
knwwn densturanis ineluded und their possible toxicity
and damage resslling w polyethylena piping syslemms.
FEthylene glycol - Generally non-comosive, sxpensive,
meedinm heat transfer, however 18 considered toxic. Tls
taxicity hus prevented its widespread use in the greand
sonree indusicy 1o spite of its widcspread nse i tradi-
lional watersooree heal pump applications. CM dock oot
currently recorenend ethylewe glyee] as 4 ground soucs
aniifreeze.

Propylene glycol - Nonioxic, non-cimrnsive, expensive,
hard 40 handle when cold, prorcst heat @ansfer, has
formed “slime-type™ coatings inside pipe. Poor heal
transfer has requiced s pemoval in soms ystems,
Prupylene glycol (PG is acceplable i systems anticiput-
ing loops temperatures no cobder than 40°F. these
systerns lypically are antifreeme hecause of ambienr
conditions (ourside plumbing or cooling tower, ete.).
Wher Joop emperatutes are below 40°F the {luid
hecomes very difficult to pump and heat transfer charae-
leristics sufier greatly. 3 recommends only food grade
propylens glyen be used o prevent the corrosion
inhibiters (often present in other mixtires) from reacting
with logal water und *comndng” out of solation 1o form
slime bype coarings mside heat exchungers and thus
hinder hear transfer.

354 (Potassium acetate) - Nontoxic, good heat ransfer,
high price, non-cofrosive with udded tohibitors, Tow
viscasity, Tue to it fow surface tension, (G534 has been
known to leak through mechanical fllings and certain
thread sealants, A variznt of Lhe salt family, it can he
extremely corrosive when exposed o atr. Chd does not
recommend the nse of G354 with is products doe to the
leaking and ultimate comosion problems associated wilh
it

Contact the ClimareMaster Technical Services Depart-
ment IFvan have any goestions af 10 ansifreeze seleclion,

ANTIFREEZE CHARGING

It his highly recomnended to uiilize premixed
antifreeze fluid where possible to alleviate many
installation problems and extra lubor.

The following procedure i based upon pure methanol
and can be implemenied doring the Foll Flush
procedure with theee way valves in the Figure 91 -
Valve Position D. i a premixed methanof of 15°F
freeze protection is used, the system ¢an be Blled and
flushed with the premix dicectly 1o prevent handling
prure mefhanol dering ke installation,

11 Flush loop woil all air has been purged Itom system
and pressurize to check for leaks before adding any
anifresze.

21 Run discharge line to a drain and hook up antifreeze
drum o suctics side of pump (il not adding below
water level through approved contatner), Drain flush
reservoir down 0 purmp saction inlet so reservoir cag
accept the volume of antifrecee to be added,

3y Caleulate the amount of antifreezs required by first
cateutaling the wial fluid volume of the loop fom
Table 3. Then using Table 4 (or the apprapriate

freeze provection level, Many southemn applications
Tequine freeze protection becanse of expased piping
and flow coptrolier embicnt conditians.

Tahle 3 - Fluid ¥olume of Conmumaon Pipiog Materiais
Fluid Volmme (gal/100° pipe)

Pipe Size Yolune
" 4.1
Copper 125" 6.4
1.5" 9.2
Rubber Hose 1" 3.9
Polyethylene 3447 [PS 5DR1) 28
1"IPS SDRII 4.3
1 1/4" TP SDR11 BO
1 142" IPS SDR1) 1R
2" IPS SDEE 18.0
1 [/4" IPS SCH4D 8.3
1 /2" 1PS SCHAD 1.9
12" TIPS SCHA) 17.0
Unit Heat Exchanger Typical 1.0
Flush cart tank (10" dram x 3 .




Tahle 4 - Antifreeze Percentages by Yolume

Type Minimum Temperature for Freeze Protection
o LK 15°F 20°F 25°F

Methanel S 254, 1% | 65 107

100% USPE food zrade Propylens Glycol 385 0% 2% 13%

4y Tapluee unit und proepare to (ush ooty throwegh loop,
start flush carr, and gradoally introduce the reqguirad
aunounyt of liquid to the flush cart tank (abaays
introduce aleohols under waler or use suction of
prmp to deaw in dieectly to prevent foming) uniil
attaining the proper antifTesye protection. MNoting the
rige in flush reservoir level indicates amounnt of
antifreeze added soime carts are marked with
meastrements in sallons. & ten inch diameter 3 foot
eylinder holds approximately 8 pallons of fluid. It
more than one tankiul is required, the tank should be
drained tmmedialely by opeoing the waste valve of
the flush cart noting the color of the discharga fluid.
Adding food coloming o the antifrecee can help
indicare where the antifteexe is i the cirenit and
prevents the drmping of antifreere out the wasle
mott. Repeut 1F necossary.

51 Be careful when handling methanol. The fumes are
flammable, and care showld be taken with all
flammable hguids, such as alcohols. Open flush
valves to flush throwgh both the wnit and the Toop
and Tlush until fluid is homogenoss and rmaxed. It is
recomzaended to run the unii in the heating and
cooding mode for 15-26 minutes each to “tempec’
the fluid temperalure and prepare it for pressur-
ization. Devoting this fimc te clear up can he
useful. This procedure helps prevent the periodic
“flat™ loap coadition.

61 Close the fhish cart return valve: and immediately
thereafter, clove the fTush carl supply vabve, leaving a
positive pressure in the loop of approximately SOpsi
"This iz a good time to pressure check the system as
well, Check the freeve prolection of the fluid with
the promer hydrometer to ensure dhat the corrack
amount of antifreeze has haen added to the system.
The hydrometer can he dropped into the flush
reservedt and the reading compared o Figure [A for
Methanol and 1B for Propylene Glyeol (o indicate
the level of frecye profection. Do not aneifreezs more
than a +10°F freeze point. Specific gravity hydrom-
cters are available from ChmateMuster. Repeat after
reopening and flushing lor & minute to snsure 2004
second sampte of fluid. Inadequate antifreeze
protection can cavse naisance freegestat leckonts
during cold weather.

Naote: Afwave difute cldechols with warer (at least 50%
sofution] before nsing when possible.

Chart LA - Methanol Specific Gravity
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Ty Close the [ush cart rern valve; immediate]y
thereafter, close the flush carl suppiv velve. shut off
the flugh carl leaving a positive pressure i the loop
ol approximately $0-50 pei far Summer and 50-75
psi for Winter. Refer to Figure 9E [or more details.

Heat Pump Freezestat Seiting

When an untifroces 16 used the freezestat wires should be
swilched to activate the low temperature Toczestal
switch to aveld mesance fauls ot leckouts, See the unit
installaton munual for further details on switching
lroczestar seftings,
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Pressare/Temperature Ports

The pressure/temperatnrs pards (BT ports) supphied wid
the earth loop connector kil are previded as a means of
measuring {low and temperatre. The water flow [(GEM}
thraugh the unit can be checkad by meusering the
incoming water prossure at the supply water BT port
und sublracting the leaving water pressure ut the Telurn
water BT port, Comparing the pressure dilferential o
the pressure drop/flow Table 5 will determine the flow
rale through the unit. For reference, every 1 pai equals
2531 feet of head i conversion is needed, Climatehlaster
units requine 2.23-3 gpan per pantinal eocling ton when
installed in coajunetion with an carlh [bop. Note:
Minitmom How for uniis is 2.25 gpm per ton

Example: 4 VP36 with a 3.8 PSI pressure drop would
be equivalent to @ GPM om the chart. Mote flow will not
bt the performance. However, insefficient flow cun
significantly reduce capacity amd possibly cvern canse
damage to the heal punp in extrams conditions. Thgital
thermenneiers and pressure ganges needed for the BT
ports are available from Climaleiaster,

Mote: Pressurefemperaiure gouges should be pushed
genily into BT ports va prevent internal dameage (o the
part,

Earth Loop Pressure

The earth loop must have a slight positive pressute to
operate the pumps (=3 psi). The system pressure will
drop as tire plastic sasth loop pipe relaxes, und will
fluctnate a= the flutd temperature changes. Typical carth
loop pressures range from approxitpately E3-30 pst. Al
the stact-irp of a system, you should leave the earth Joaps
with a (static) holding pressies of approxirately $0-50
psi surnmer of 50-75 psi winter, Maximum operating
pressure sheuld never exeeed 100 psi under any
circumsiance, It is recommendcd to run the unit in
the heating and cooling mode For 1520 minates each
to “temper” the fuid temperainre and prepare it for
pressurization. This procedure kelps prevent the
periedic “flat™ loop condition.

Table 5 - Classic and Ulira Classic Pressure Drop

Fressurc Dieop (psi)

750070 0.5

Unit GPM | 30°F  30°F  7WF_ 9¢°F
HP/VE 030 | 5 17 16 [ 13 | 14
% 28 | 26 0 24 23

10 39 | 37 | 34 | 32

HPVPO36 | 6 33 | 22 [ 20 1.5
9 38 | 36 ; 33 3.1

12 5.5 51 47 | 44

HP/VPO042 | 7 B 29 27 | 23
14 53 50 ¢ 46 43

14 7.7 7.1 66 ;i 62

HP/YP 48 | 3 21 | 38 | 35 33
iz 73 - 68 | €3 Sy

N 4 97 | 90 .| &5
THPAP o6 | 10 3.5 32 30 28
i3 77| 7 66 | 62

0 17 | 109 | 100 | 9.5

VT 036 4 1.2 LI 10 | 09

é 2.1 1.9 1.8 1.7

& 34 | 3.0 2.9 2.7

VT (42 f 20 1.8 1.7 1.6

& 3.1 29 | 27 25

kD 43 | an | a7 3.5

VT (4% 6 L5 14 1.3 1.2
8 il 28 2.7 23

10 43 4 40 | 37 | 35

VT 6 7 2.8 ¢ 26 | 24 | 23
10 43 ¢ 40 | A7 3.5

13 75 0 A0 |65 6.1

VT 072 7 28 - 26 | 24 | 23
i0 43 40 | A7 3.5

13 6.1
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10

Total Head (it. of hd.)

FLOW CONTROLLER INITIAL START-UP

Alter prossurization, e sure to fnsure the loop Tow
controller provides adequate flow throngh the unit by
checking pressure drop across tha heat exchanger and
companing iU to the fgures shown in Table 5. Flow
controller pump performance is shown in Chart 2.

Start-Up of Flow Controller

13 Check to make sure that the loop and unit splation

valves are completely open and the Flush ports are

cloged and sealed.

Check and record dhe earth loop pressune via the PT

ports.  Boop Prossure = Lln Out

Check and record the flow rate.

Flow Rate = opm

4t Check performance of anie. Refer 1o unit installation
mamual. Eeplace all caps to prevent pressure loss.

Chart 2 - Flow Conteofler Pecformancee 2
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PUMP CARTRIDGE REPLACEMENT PROCEDURE

Firstisolate the pump in question as in Figore 100 Always + Remove two aflen head mounting bolts and [t ofl

disable power to the pomps and rermove pump power
wiring if needed. Close valves as in Step |of Figure 10

—| Elom mikabes

N s
£ | curandgm changn

z

.| Openiodlush
with gqonden hose

ored 1hen pressurze

Wara
\RP?-,‘:‘?‘ ns
WL

Figure 10 - Cartridge Replacement Procedore

parmp statgr housing. Lay ouwt rags to seak of loop
fhiid.

Remove remaining ewo allen head mounting boles
und remove eartridge noting the lares ‘o’-ring seal,
Loop iluid could spilt from system,

Replace with new cartridgs tnsurnng the ‘o’-ting is in
place and install the two allen head mounting bolts,

Relostall the stator kousing using the remaining allen
head mouenting botts, :

Place garden hose supply and retum on flush paris as
shown in Figere |0 and open valves to flush troogh
the unit purtion ol loop, When water flows clear,
close retorn side to pressurize and fmally close the
supply side valve, Finally elose 3-way valves to
operalion position Fieure 95, The loop can also be
reflushed using the complete procedure gutlined for
installation.

Remember This procedure will dihizte the antifreeze
mixture by a few gallons. If performed more than
twice on any earth loop the sntilreeze concentration
shoevld be checked with a hydrometcr and antifreeze
added as neeced.



GEQTHERMAL CLOSED LOOP DESIGN

Closed Loop Basics
Closed Loop Earth Cooplad Heat Pump systems ara

commmmondy mstalled o one of three configorations:
harizontal, verdcal and pond loop. fach configuration
provides the benefit of wsing the moderate iemperamres
of the earth as 8 heat sourceheut sink. Piping eomftgura-
tions can be sither series or parallel.

Series piping configurations tvpically use [-1/4 inch, [-1/
2inch or 2 inch pipe. Parallel piping eonltgurations
tvptcally wse 34 inch ar | inch pipe for loops and 1-144
inch, T-1/2 neh or 2 ek pipe for headers and service
lines. Parallel confisvrarons regoire headers we be cither
“closed-coupled” short headers or reverse return design,

Select the installation configuration which provides the
maost cost affective methed of installation after consider-
m all applicatiom consraints.

Loop design talees inre account two basic faclors. The
first iz accuratelv enginserad system ta fonction properly
with lowr pumping requirement and adequate heat franster
to handle the load of the sunctore. The second s w
design a loop with the lowest installed cost while sail
maintaining a hieh level ol quabity. These Factors have
been taken into account In 2! of the laop designs
presented m this manual.

In eeneral terms all loop lengths have been sieed by the
Climate Master loop sizing software so that every loap
has approcimate]y the same operating costs. n other
weords, at the end of the year the hameowner wounld have
paid approximately the same amonnt of maney for
hearng, cooling, and hot water no matter which Toop
tvpe was installed, This leaves the installed cost of the
loop 45 Lthe main Faeror for determining the system
pavback. Therefors this analysis says “install the most
gconomical system possible ziven the installation
Tefuremnents”.

Pipe Fusion Methods

Two basic types of pipe Joining methods are avaflable for
earth coupled applications. Polycthylene pipe can be
socket fused or butt fosed. In both processes the pipe is
actually melted together to forma a joint that is even
slromger than he oricinsl pipe. Although when either
procedure is parformed properly the joint will be stroniger
than the pipe wall, ClimateMaster prefers socket fusion
in Lhe fusion ol 2" pipe or less becaose of the Eallowing:

«  Allowabls iolerance of mating the pipe is mmch
greater in socket fusion, According to meneral fiision
ruidelines, a 3/4" SDR11 budl fusion joint alignment
can be off no more than 10% of the wall thickness
(001 iny. A hundredth of an inch accuracy while
fusing in & diflicult position can be almost fmpos-
gible to attain in the fisld.

*  The actual socket fuston joint is 3 1o 4 times the
cross soclional area ol ils buit fusion counterpart in

sizes under 2" and therefore tends {o be more
forgiving of operator skill,

«  Joinis ure frequently requited in difheolt rench
connections and the smaller socket fosion iron is
moTe mohile and operators will have less of a
lendeney Lo eut corners doring the fusion procedure
such as can happen during the facing and aligpment
procedure of butt fusion.

In general socket fusion loses these advaniapes in fusion
joints larger than 2" and of course socker fittings become
veTy expensive and time congoming in these larger sizes
as well. Therefore butt fozion is general nsed in stees
larger than 2". In either joining roethod proper techniqune
1% casential for long lastng joints. AT Climate bMaster
supplied pipe and fittings are IGSHPA approved. All
fusion joints should be perfonmed by certiied foszion
technicians. Table & ilfustrates the proper (usion Hmes
for ClimateMaster Geothermal PE Pipe.

Table 6 - Fosion Times For ClimateMaster Polyethyl-
ene Pipe

Pipe Size Socket Fosion Eoit Foslon
Time (zec.)- Time {sec.} Bead (i)
34" (P5 8-141 2 1414
1" TIPS 10-14 12 lha
1-14" IFS 12-13 13 1618
1-102"1P8 15313 15 -
27 Ir8 18-22 1R i' Lis

Holdirg time of a0 sec.Cume time af 20 min.
Albways use » dming device

Parallel vs Series Configurations

Initially, loops were all designed using series style flow

due to the lack of fusion fitfings needed in paralle]

systerns. This resulted in large diameter pipe {>1 1/4")

being wsed fo reduce pumping requiternents due to the

increased pressurs drop of the pipe. Since the fusion

hittings have become available paraile] flow using (3/4"

1P} for loops 2 ton and above has beeome the stendard

for a number of reascns, :

+  Cast of Pipe - the larger diameter (| 1/4") pipe is
twice the cost of the smaller (3/47 IFS} pipe however
the heat transfer capability due to the reduced
surfzee area of the smaller pipe is ooty decreased by
approximasely 10-20%. In loop designs wiing the
smaller pipe the pipe length is simply lengihened fo
compensate for the small heat transter redection.
however, it still resplts in around 30% savings in
pipe costs over the larger pipe in series. In some
areay | 1/4" vartical bores can be more cost effec-
tve, where drilling cosrs are high.

T

+ Pompiag power - parallel systems generally can
have much lower pressure drop and thus smaller
pumps due to the mudiiple fow paths of smaller
pipes in parallel.

i1
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»  Tnstallation ease - The smaller pipe 1s easier to
handle during nstallation than the larger diamelers.
The ‘memory’ of the pipe can be capeoially cumber-
sume when installing in cold conditions. Smalker
pipe takes less time ta fuse and is easier to cul e

When Should Series Loops Be Used?

In smaller oops of Lwo tons ot less, the reasons for
paralic] listed above may be less abviows, Tn these cuses.
series loops can have some additfonal advenisges:
»  No header - fittings tend to be moare expensive and
require exira labor and skill to install.
+  Simple design - oo confusing pIping arrangsment
lor easier installation by less experienced mstallery
Loop Configuraiion - Betermining the style of loop
primanly depends on o size, and ~diet” costs. For
insLamee, hotizonial 1 pipe will have signiftcanuly (4004%)
more trench than 4 horizonts] 6 pipe. However the 6 pipe
will huve about T5% mode feet of pipe, therefore if
trenching costs are higher than the cxtra pipe costs the 6
plpe 1s the hest chodee. Remerber that labos is alsa 2
factor in loop costs, The 6 pipe could also be chosen
becausze a small lot a3 well Generally a contractor will
know after a [ow installations which configuration s the
mast cost effective {or him. Then this information can be
applied to later installations for a mote overall cost
effective jnstallation for his particular area. Deplh of the
leop i horizontal syséems generally does not excesd 5
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feet becanse of trench safety fssecs and the sheer amount

of dirt required to move. In vertical systems coonomic

depth due 1o escalating drilling costs in rock can spme-
thines require what is refermed to as a parallel-series loop.

That is, a cireudt will loap dowi and up through twao

consecutive bores (series) to toly] the regoired cirenle

lengsh requirad.

Loop Cirenifing - Loops should be destimed with 2

compramise between pressurc drop and good tirbalence

in the heat exehanes pipe for heat tramsfer. Therelome the

latlowing roles should be ohserved when desizgning a

loop: -

+ 3 gpm per won Bow rate (2,25 gpm per wa mind-
. In larger systems 2.5 10 2.7 gpm per ton iy
adequate in mosl cases. Oversesing the pumps W
allain exacthy 3 gpim per ton is generally not cost
effective from un vpereling cost standpoint.

r  Ome circuid per nominal equipment oo with 3/4" IPS
and 172 circujt per tom wilh 1 1/4" IPS pipe. This rule
can be deviated by one eitenie or so for dilferent leep
confignratons.

Header Desivn - Heuders for parallel loops should he
designed with two factors in mind, the [imst is pressure
drap and the second is flushability, The beader shawn in
Figute | | A ix & standard header design throagh 15 1ons
for palvethylens pipe with 27 supply and tetion mnous,
The header shown in Figure 118 is a standard header

114" IS PE

1147 3 1" AT 2 gl p et
IF2 F= Tan og

Clroult 1

Circull 4 Clreult 3 Clrous
z
BT I R
1PS R T
o =
=
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design through 5 wns lor palvethylene pipe wsing 121747
supply and retern raneues, Notice the reduction of pipe
from 2" TPS supply/return throagh cirenits 12 10 8§ and
then the line s reduced 1o 1 1447 PR pipe Bor circudes 7 to
4 and then finally the beader line is reduced 1o 3/4" IPS
tr supply circuits 3, 2, and 1. This allows minimem
pressure deop while siill maintsinine 2 fps velocily
thronghont the header under normal flow conditions {3
apmitony, fthuy the header as shown s seli-flushing ungder
normal flow conditons. This [eaves the cireuils them-
salvas (3/4" TPS) as the only section of the loop not
allaining 2 [ps Mush velocily emder nommal fow condi-
ticns (3 gpmiton & marmally 3 gpanfcircuit). 344" LIPS
raquires 3.8 zpm to attain 2 fps velocity therefors 1o
caleulate flushine requirements for any PE loop wusing the
header styles shown simply multiply the number of
cirowits by the Aushing Aow rate of each circuii (3.5 gpm
for 2 §ps velocity). For instance on a 5 circudl loop the
flush flow rate 15 3 ciroaits x 3.8 gpvcirenit =19 gpm,
Headers that uttleee laree diameler pipe lceding the last
circuirs should not be vsed. In FE1 144" IPS pipe requives
9.5 gpm Lo allain 2 Fps and since mereaging fhe flow
througl the last cirenlt wonld also require Inereasing the
flow through the other cirenits at an equal rate as well,
we can ealimale the [Rush (ow regurements by meldply-
ing the pamber of sircuits by 3.5 epan fin 1 1/4" 1P8) or
fisr mstance a § cirewit loop in PE would require 5
circuits x 9.3 gpmfeirenies = 47.3 zpm (o ullain fush
flovor Tate, This iz clearly is an imnpossible flow 1o achieve
wilh o purnp ol any size.

Header Layout - Geenerally header lavounts are mare
st effeotive with short headers. This tequires cenizally
locating the header to all ¢ircoits and then bringing the

eircpits to the header, One of the easiest implementations
15 1o angle all renches into 4 common pil similar o a
starburst. This lavout can milize the laydowa ar 'L}
header and achieves reverse retnm flow: by sImply laying
the headers down 0 a mtrror Image and thus no cxtra
piping cf labor. Figore 12 details a “laydown header.

Inside Piping - Polysthylene pipe provides an excallent
no leak: piping material inside the buiiding. Inside piping
fitiings and elbaws should be limited to preveni exces-
give prossure drop. Hose kil cmploying [ rubber hose
should be limited in length to 10-135 fest per ren to
reduce prassure drop prablems. In general 2 feet of head
pressure drop s allowed lor all carth loop Glngys which
would include 10-12 slbowrs for insids piping 1o the flow
conmoller. This allows a gemerons amount of maneuver-
ing oo the flow controller with the inside pipine. 348 w00 17
2" Closed cell insulation should be nsed an all inside
Fiping where loop temperaturcy beliver S0°F are anbici-
pated. All barbed connections should be donhle clamped.
Flow Controller Selection - The pressure drop of the
entire ground loop should be eslimated for Lhe selection
of the flow controller. In general if basic loop design
rules are followed anies of 3 tony or Tess will reqoice only
1 circuladng pump (AFCSL), Units from 3.5 o 6 tons
will requite a two pamp system (AFCS2), As a caution.
loop pressure drop caleulation shouwld he performed for
accurats flow estmarion In any svsiem including unir,
hose kit inside piping, supplymetumn headers, cimcit
piping, and fitings. Use Table 74 B and C {or pressure
dron caleulations vsing meihanc] and varlous piping
riaterials. Tables showing other untilTecres ure available

from Climatedaster Techrical Suppoat,

- 2 foot wide trench -

Supply Line

Reirn Ling

Clreult 4 Cirpuit 3

Figore 12 - Typical ‘Laydown’ Header

Clrewit 2
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Table 7C - Rubher Hose Pressure Drop Tahle
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CLOSED LOOP INSTALLATION

Prior Lo instatlation, locate and mark all exisung under-
ground ndlities, piping, ete. Matall Ioops for new
construction before sidewalks, palios, driveways and
ather eonstruction has begun, During construction.
accurately matk all ground loop piping on the plot plan
@i an @fd i avolding potential future damase to the
installation.

Loop Piping Instailation

The eypical closed toap ground source system is shown
in Figurcl3. ATl zarth loop piping materials should be
limited to coly polvethylene lusion in inground sections
of the loop and galvanized or steei fllings should not be
used at any lime dus to their tendency to corrode by
galvanic action. All plastic to meLal threaded fitfings
should be avoided as well due to thetr poteotial Lo leak in
earth coupled applications and a flanged fiwing subs-
tuted. P/T plugs should be wsed so that {low can be
measured using the pressure drop of the unit heat

exclanger in lico of other flow measurelnen means.
Earth loop temperatures can range between 251 10°F and
235 to 3 gpm of flow per ton of cooling capacity is
recanumended in any curth loop applications.

Horizental Applications

To mstall Horlzonial earth counplings, dig menches using
either # chain-lype frenching maching or a backboe, Dig
trenches approximately 8-10 feer aparl. Trenehes most be
al Jeast 7 teet from existing vtility lines, foundations and
propeuty lines and at Teast 10 fest fromm privies and wells.
Trenches may be curved to avoid obsiruclions and may
be wrned wround comers,

Whea multiple pipes are 1aid in & mench, space pipes
properly aud backfill carefnlly to avoid dsturbing the
spacing «f (he pipes in the trench, Figure 14 derails
comimon Jaap cross-sectivns used in horixonty] Toops,

Mete; A minimum of 87 of
Glearamnpe must be provvided
between unit and remaote

1; ’ . filtzt/grille when no return air
i . duct is usad.
L PR v e
l_r.- 1 ¥ FoA
b +- LI . 1
. x_/. - -! ;' ank
- - If Lsed
- R s
- : :L Back-up
S Resistance
; s, el . 1| [ Heat
= i 7 If used
i | \-!_DA‘ ’; i { t .
T . —DT T
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Figure 13 - Typical Closed Loop Application
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Figure 14 - Typical Horixontal Loop Conligurations
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Vertical Applications

‘o install Vereical earth couplings. drill borehnles using
any size driliing equipment. Regolations which govern
wuler will inslullations also apply ko vertical ground Toop
installations. Wertical applications typically require
multiple boreholes. Space boreholes a minimum of 10
{eer apart, [n southern or cooling dominaled elimales 15
fest 1s required.

The mintmum diameter for 34 inch or | inch 1T-hand
well bores 1s 4 inches. Larger diamerer borehodes may be
drilled it comvenient, anless local code requires an
expensive method of backlling. Aswsemble cach U-bend
assembly, fill with vater and presswre test pricd 1o
nsertion inlo the borehole.

To add weight and prevenr the pipe from curving and
digzing into the borghole wall during inserrion. tape a
Tengih of conduil, pipe or reinloreing har o the [T-hand
end of the assembly. This technigne is pardcularty nselul
when inserting the assembly o a barehole filled with
waler o drlling mud solutions, sinee 4 water {illed pipe
iz buoyant vnder these cirenmstances. Tape the pives
tiygether approximately every EQ feet to prevent the
aszembly from separating umder downward prossure und
browing oot against the borehole wall

Carefully backfill the boreholes 1o within 10 feet of the
surface. Pollovw HGSPHA specificalions [or buck (11ling
nnless lecal codes mandate otherwise.

When all [i-hends are instafled, dig the header trench 4
to 6 feet deep and as close Lo the boreholes as possible.
TUsza a spade to break through feom ground level to the
bottom of the mench. At the top of the hole, dig a rellef
e allaw the pipe to bend lor proper sccess b the header
The “laydown™ headsr mentionsd earlier is a cost
eftective method for conmecting fhe tores. Figure 15
illuatrates common verlical bore heul cxehangers.
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Figure 15 - Typical Vertical Loop Coafignrations

Oza Pair

Pond/Lake Applications

Pond loops ate ong of the most cost effective applications
of peothermal systems. Typically 1 coil of 300 L ol PE
pipe pear ton is sunk 1n a pond and headered back to the
structure. Mimimom pomd sixing 15 172 sere und & feet,
deep for an average residential home. Actual area can be
15300-30{9 £t 2 per ton of coaling. In the north. an ice

“eover 18 requirted during the hesting season Lo ullow the

pond to reach an average 3%°F. Winter asration or
excessive wave actiom can lower the pomd temperanis
prevening proper operarion of the geothermal syslem.
Direct use of pond ar lake water is discouragad becavse
of the petentizl problems ol heat exchanger fouling and

purnp suction [ife. Heat exchanger may be constructed ol

gither multiple 30K coils of pipe ot slinky style Figure
6. In northern applications the slinky or matl suyic is
recommended dua to its superior parformance in heating.
D tor pipe and anti freese buoyancy pomnd heat ex-
changer will most likely need welghred down to prevent
floating. 300 foot colls require two 4™ x 87 x 16™ blacks
(19 ibs. cach) or 8- 10 bricks (4.5 lbs cach) and every 200
ft of 1-1/4" pipe requires ! three hole brick. Coils are
supported off of the hottome by e concreie blocks or
bricks. The supply/frelem renching should besin st the
stimcture and work toward the pond. Near the pond the
trench shoald be halved and back fillad most of the way,
A new trench should be siarted from the pond buck
toward the partially hackfillad fiest trench o prevent
mond from flooding back to the sfruchire,
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BUILDING ENTRY
Seal and protect the entry point of all earth coupling Retrofit Copstroction

Ry points ince the building wing hydraulic cemet.
Stab on Grade Construction

New Construction: When possible, posilion the pipe in
the proper location prior to povring the slab. To prevent
wear as the pipe expands and contracts, protect the pipe
wilh & layer of menlation as shown o Figure 17, When
the slab is poered prior to inskallation. creake a chase
through the skab for the servies hocs with 4 inch PYC
street clbows and sizaves,

Finished Grade

a

]
-
|

Lnsulaﬁﬂn .

Treneh as close as possible to the footing. Bring the loop
pipe up along the outside wall of the footing unil it is
itigher thap the slab. Lnter the buikding ax close to the
slab as the construction allows, Shield and insnlale the
pipe to protect it from damape and the elements as shown
in Figure [3.

Enter Building As
Soon As Possible
insulation Inside

/ / Frotective Shield

r N
ﬁ : j ‘\_‘,Finished Crads

g

:::L | 4-8'
LT — . : ¢,L-:
Loop Fipe T Loop F'ipé |

Figure 7 - Slab on Grade Eniry Detail

Figure 15 - Retrofit Constroction Detaj}



Pier and Beam (crawl space)

Few and Retrofit Construclion: Bury the pipe beneath the
foormyg and between piers to the point that it is directly
helow the point of entry into the building. Bring the pipe
up inte the building. Shicld and insukate piping as shown
in Figure 19 to protect it from damage.

:
+ Fimshed Grade
I "
T !
nsulation Inside 11
Protective Shield {‘
| i R
[~

Loop Pipe
Figurc 19 - Pier and Beam Entry Detail

Below Grade Entry

New and Rewofit Construction: Bring the pipe threngh
the wallus shown in Figure 20, For applications In which
loop emperatre may fal) betow freexing, insulale pipes
at least 4 fast into the trench to prevent ice forming near
the wall.

Upon completion of the ground loop piging, pressore test
the loop to assure a leak free system,

Horizontal Svstermns: Test individoal loops as insialled.
Tuesl enbire systeny when all loaps are assembled.

Vertical T-Bends and Pool Loop Syslerns: Tesl Verlical
L-bends and pond Toop assemblies prior to installation
with a test pressuee of at least 100 psi, Hither water or air
may be used as the testing medium.
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Figure 2i - Below Grade Entry Detail
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