
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

System design 
 

Fault finding 
Jonathon Hallam 



  

  

Disclaimer 
 

The following information is a guide only 
for training purposes, under no 

circumstancces will Jonathon Hallam or 
Warriors of Warmth be laible for any 

content 

Happy to help, here to help 



  

 

 

 

 

 

 

 

 

 

 

    

     

     

     

Tools required 
for fault finding 

 



  

 

 

 

 

 

   

 

 

 

   

 

 

 

   

 

 

 

   

 

 

 

   

 

 

 

   

 

 

 

  



  

 

Disclaimer 

 

It is illegal to work on gas appliances if 

you are not qualified or registered. 

 

Do not work with electricty if you are 

not qualified 

 

The following information is a guide for 

training purposes only. Under no 

circumstances will Warriors of Warmth 

or Jonathon Hallam be liabe for any 

consequence relating to information 

from this booklet 
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Understanding your Multi meter 

mA 

µA 

 kÝ 

Permissionable allowance- 

Com 
NC 

NO 



  

Electrical safety 
 

 
   
  

 
 
 
 
 

 
 

 
 

 
 
 

 
 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
  
 
 
 
  
 
 
  

External fuse______ 
 
 
Internal fuse_______ 

____________________
_ 

_______________________ 

    Methods of electrical testing 
 
 
 
 

 

Terminal to terminal 
 
 
 

 

Earth to terminal 

Notes; 
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Above: Guidelines for 
installing appliances in 
bathrooms 
 
Left: IP codes which are 
mentioned for Heat pumps  

BS7671 
Covers electical 

installations 



  

 

  

Testing Ph levels for heating 
warranty results should be 

between 8 ï 8.5 



  

  

Example 150litres @1bar/PRV3bar = 16.3litre vessel 
 
Or 
 
150 x 0.109 = 16.3 

Connections on heating vessels can 

block with sludge, when charging 

vessels lubricate Shrader valve 



  

 

  

Vaillant/Glow Worm NTC 

Move clip on NTC 
to reconnect on 

pipe surface 
Clean wet 

pocket 
sensor 

Isolate power and remove 
cables before using a multi 

metre on NTC 

Check filter to gas valve 
is clear 

Warm base with hair 
dryer this may free 

solenoid jumper 
Place U guage/manometer 
on gas valve inlet & isolate 
gas, check tightness then 

put boiler in demand, if 
pressure lost then gas 

valve is functioning 

Remove harness and 
measure resistance 

should be within 10% of 
manufacturers 

guidelines 



  

  

Youtube Video 
                                   https://youtu.be/mLzEWmsyKwE 
 

Check internal fuse, usually most 
Boilers are 1amp slow blow 

Try warming hair PCBs with hair 
dryers to reenergise capacitors 

Whilst carrying out wet repairs on 
appliances use cling film to protect PCB 

https://youtu.be/mLzEWmsyKwE


  

Heating 

- Set multi meter to resistance ɋ 
 

- Use probes across L & N 
 

- Less than 100ɋ = replace 
 

- No resistance/infinity = replace 
 

- Approx 120 - 250ɋ = Ok 
 

- If loud clean bearings 
 

- Free & bleed shaft using anti seize screw 
 

- If water runs out anti seize screw pump 
insufficant  
 

- Usually blows fuse 

Above are recommended pump positions 

Above is an unprofessional situation the pump 
screw is above the electical connections so 
ideally the head needs rotating  



  

  

Flow rate =  
 
Kw = Kw of boiler 
TD = temperature difference 20 
SH = Specific heat 4.2 
 
Multiply by 1000 for kg/s 

10m = 1bar 
1bar = 9.807Kpa 

Example; 
 

3 bed house, 2 storey 6m head & 12Kw boiler 
 

0.6 x 9.807 = 5.88kpa 
 

20 x 4.2 = 84   20 ÷ 84 = 0.24 
 

If you remove anti seize cap and water runs 
out when pump is on, this can indicate pump 

is running too slow 
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Motorised 

- Check for demand 
- Confirm arm / ball has moved 
- Check power is present 
 
Y Plan system 
 
- Set multi meter to ɋ 
- From white to Neutral 2000 - 2500ɋ 

 
Cables 
 
White    = Htg on  
Grey     = Htg off 
Orange = Boiler pump live 
 
      S Plan system 
 

- Brown to Neitral 2000 - 2500ɋ 
 
Cables  
 
Grey     = Permanent live 
Brown   = Htg / DHW 
Orange = Boiler pump live 

Live (brown) 
From room/cylinderstat 
Opens zone 
 
 
Neutral 

Neutral 

Permanent live(Grey) 

Switch live (Orange) 
Sends power to pump & boiler 



  

  

Bus connections are low voltage 
pulse signals like morse code, 
which sends information not 

switch live 
 
 
 
 
NO = Normal open / on 
NC = Normally closed / off 
Com = Live supply 

+ -- 
Ebus 

Cylinder stat 

Roomstat 

Warning 
 

         Using Ebus connections saves using NC or NO as 
Ebus sends information including temperatures, faults & 

helps modulation. 
    Ebus connections are 5 or 24vdc which can supply 

controls to function, however in some cases Live & Ebus is 
required especially recievers are used. 

Ebus cables must be installed 25mm away from other 
cables  



  

 
 

Immersion
heater

Between elements 
connections 15-20 ohms 

Eco reset 
safety button 

Listen for thermostat 
clicking, 0 good or 1ɋ would 

indicate burnout stat 



  

  

Highlimit 

Air pressure 
switch 

NO - On 

NC - off 

Com - live 

0ɋ 
 

On 

1ɋ - Faulty 
Alcohol bubbles 

Expands when over heated  
breaking contact 

Air tubes connecting air pressure 
switch must be assessed for 
bloclages, water or blocked 

orifices 

Air pressure can give various faults when the 
micro switch seizes either leaving the appliance 

permanently off or on 

NO = Normally open 
NC = Normally closed 
Com = Live 



  

 

  

White vinegar diluted mix 
or condensate from trap 
can be sprayed into Hex 

for cleaning. 
Aluminium hot water only   



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

        Appliance type 

    Co/Co2 Ratio 

 

No Air Gas 

ratio 

 

With air 

gas ratio 

    

      Central heating boiler 

 

0.008 

 

0.004 

 

BBu 

Fire 

 

0.008 

     0.020 

 

0.004 

     N/A 

 

Fires (Flueless) 

 

     0.001 

 

N/A 

 

Flues (LFE) 

 

     0.020 

 

N/A 

Flue intake tegrity check 

20.9% 

Flue 



  

 

 

 

 

  

WORKING Pressure 

 

Appliance ON 

1mb 1.5mb 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gas  

Mimium pressure loss  

Mimium pressure allowed  

Water  

Minimum water pressure  

Minimum flow rate  

2 min gas flow mⱷ Heat input Kw  

(gross) 

Heat input Kw 

(net) 

Answer    Answer 

0.034            10.98 9.89 Boiler Kw (net)                               
Kw 

0.036 11.63 10.48 Gas m /hr 
 

                                  
M /hr 

0.038 12.27 11.06 

0.040 12.92 11.64 

0.042 13.57 12.22 

0.044 14.21 12.80 



  

  

Pipe 

section 

Gas 

rate 

M3/h 

Pipe 

length 

Estimated 

Pipe dia 

Fitting allowance Corrected 

length 

Pressure 

loss 

Mb/pm 

Calculated 

pressure loss 

Type length 

 A ï B 3.1 3 22 Elbow x 2 1.2 4.2 0.0880 0.37 

 B ï C 0.5 4 15 Elbow x 3 

Tee(exit) x 1(22m) 

3 

 

7 0.0231 0.1617 

Pressure loss to the 
appliance must be lower 

then 1mb in total pipe 
route. 

Incorrect sized pipe can 
lead too poor combustion 

readings 



  

 

Pipe sizing.  

 

Pipe Dia (mm) Watts 

8 1500 

10 2500 

15 6000 

22 13000 

28 22000 

35 34000 
 

Pipe Flow rates                         
H     = Rad Watts 

TD   = Temp diff 

SHC = Specific Heat 

Low loss header sizing (m/s) 

Kw  = Boiler output 

SHC = Specific heat 

DT   = Temperature diff 

Bypass setting 

KW /  Dt x 4.20 

Manufacturers guidelines mini flow & system head  

 

 

 

 

 

Ventilation heatloss 

V = Room volume m²              0.33 x V x N x TD = heat loss 

N = Air change p/hour 

0.33 = Specific heat of air 

TD = Temp diff, between -3° + desired room temp 

i.e; 

living room 1980 3m x 3m x 4m @21 

0.33 x 36 x 1.5 x 24 = 427.68 

 

System 

Reference; 
                     BS     5449 
             BS EN 806  

         H         = 
 

TD x 4.186 

Kw x 3600 ÷ 1000 

      SHC x DT 

Heating 

In Coastal areas 
-5 can be used 

for outside 
temperature 

Flow rate for heating should be 

1m/s, lower sludge can settle, 1.5 

can be disruptive, 2.5 can erode 

pipes, Part L, states flow 

temperatures should be 55° with a 

DT of 20° 



  

 

 
Room 
 

Category A 
(Pre 2000) 

Category B 
(2000) 

Category C 
(New build) 

Lounge/living room 
 

1.5 1 0.5 

Dining/breakfast 
room 

1.5 1 0.5 

 

Correction factors 
 

Htg flow ς htg return = water temp 

Water temp ς desired room temp =  

 

Boiler flow is 70 return temperature is 50, Water mean temperature is 60 

Deduct room temperature of 21, equals 39. 

39 falls between figures so accurate  

Calculations are needed. 

 

0.748 ς 0.629 = 0.119 

0.119 = 0.024 ς the figure per ºC difference 

    5 

0.748 ς 0.024 = 0.748 

U-Valves for new build 

Room U-Value 

Pitched insulated roof 0.20 

Flat roof 0.20 

Walls 0.30 

Internal walls  1.6 

Floors 0.25 

Windows & doors 2 

Further details in Glossary 



  

 

 

 

 

Room heat loss 

       Surface element 
area 
(m2) 

X 
U Valve 

(W/m2k) 
X 

Temp dif 
(oC) 

= 
Design 

heat loss 
watts 

Totals 

 
 
 

 
X 
 

 
 
X 

 
 
= 

  

  
 

X 
 

 
X 

 
 
= 
 

  

  
 

X 
 

 
X 

 
 
= 
 

  

  
 

X 
 

 
X 

 
 
= 
 

  

  
 

X 
 

 
X 

 
 
= 
 

  

  
 

X 
 

 
X 

 
 
= 
 

  

  
 

X 
 

 
X 

 
 
= 
 

  

Air heat loss 

Air changes 
(1.5) 

x 
Room 

volume 
(m3) 

x 
Temp/diff 
(21 + -3°) 

x 
Vent 
factor 
0.33 

 
= 

  

   x  x  =                           
Fabric heat loss + Air heat loss  + 15% =  

 +  =                        
              Total design heat loss 
              Add boxes 1 & 2 = 3 

=                           

Heat emitter size 
        Flow  70 +      Return  55 ÷ 2       ᵄ    Room temp   21 = MWT 

                    +  ÷2  =  

MWT x                      CF correct factor = Radiator size 

 
 
 

x 
 
 

=  

Part L now states all heating systems should be design for a 55° flow temperature 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flow rates = Flow rate kw 

                      TD x 4.187 

6.05Kw 0.072kg/s 

Dia 15mm 

Pressure 

loss P/m 

0.026 

Effective 

length (m) 

7.5 

Pressure 

required 

0.195m 

Always design heating with 
0.5 ï 1.5m/s Velocity 

Pipe resistances are in 
glossary 

0.072kg/s flow rate 
 
0.026 x 7.5 = 0.195 
 
 



  

 
RA  = Area of room 
PC  = Pipe centre 
DfM = Distance from manifold x 2 
Add 5% 

  

Pipe Centres Conversation 

factor 

 100 10 

150 6.6 

200 5 

Pipe 
centres(mm) 

Heat output W/m. 
² 

100 91.4 

150 82 

200 74 

250 66.4 

300 60 
Based on 75mm screed & 45° mean temp 

30 MWT 

18 rtemp 

100 150 200 250 300 

30 37 34 31 29 26 

ie;  
 
RA ï 12M2 PC - 150MM DfM - 6           
 
12 x 6.6   = 79.2m 
   DfM      = 12m 
Sub total =  91.2m + 5%(4.5) 
Total       =  95.7m 

 
Below is the W/m2 produced from the pipe centres, as you can see 100mm centres provides more 

heatput  

Ie; 
 
RA ï 24m2            PC 150mm          DfM ï 6m  

 

24 x 6.6 = 158 
    158/2 = 79.50 
     6 x 2 = 12 
91.5 + 5% = 95.8m 

Ie,  
80 x 0.15 = 1.2 
 

DFM; 
Distance from manifold 

More UFH Outputs in Glossary 



  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Garden tap x 2 10 

Bath x 2 8 

Sink 2 

Shower 2 

Wash basin 1 

W/machine 2 

D washer 2 

Total 27 

Maximum flow rate velocity 3m/s this prevents water 
hammer, 27 LU against he chart equals too 5.5l/s & flow rate 

of 1.7ls which points to 22mm pipe 

Hot & Cold 

Below example 



  

Hot water Demand 
Basic  

Demand Cylinder size Kw req Boiler allowed 
2 bed, 1 bath 125 7.2 2 

3 bed, 1 bath 145 8.4 2.5 
4 bed, 1 bath 165 8.4 2.5 

4 bed, 1 bath + 1 shower 175 10 2.5 

4 bed, 2 bath 225 13 3.0 
 

Calculated formula 
Heat required 

                                                       SHC x Kg x Tr = 

SHC = 

Kg    = litres of water 

Tr     = Temperature rise 

Period 

                                                       SHC x Kg x Tr = 

           Secs 

Hot & Cold Pipe sizing (unvented DHW) 

Loading units 

Appliance Loading units 

Basin/WC 1 
Sink/Shower/W.machine 2 

Urinal 3 

Bath 5 
Non domestic 8 

Taps/Garden 5 

 

Diameter per Units 

LU 1 2 3 3 4 6 10 20 50 165 430 

Dia (mm) 15 15 15 15 15 15 22 22 28 35 42 

 

 

 

Hot water 



  

 

 

 

 

 

 

 

 

 

i.e  

4m height from cylinder base to over 

flow pipe 

4 x 40 + 150 = 310mm  

 

 

 

 

 

 

 

 

Pipe 

dia 

15ltr in 

m 

15 107 

22 48 

28 30 

Height from cylinder base 
to over pipe level 

150mm standard number 
40mm per metre height 
 
150 + 40 = vent height 

How to calculate vent pipe height? 

Hot water 

Facts; 
- Return pump must be bronze 
- Must connect onto cylinder ¼ 

from top 
- 5°TD from draw off & return 
- Minimum return temp 50° within 

1min 
- Minimum 0.5l/s 
- Secondary return must be a 

minimum 2 x dia smaller then 
distruption  

- Return with more than 15ltres 
needs expansion vessel  

- Pump works on timer 



  

  

Valve  

Outlet 

size 

Minimum 

size of 

discharge 

D1 

Minimum size 

of discharge 

D2 

(From tundish) 

Maximum resistance, 

expressed as a 

length of straight 

pipe 

Resistance created by 

each bend or elbow 

G1/2`` 15mm 22mm 

28mm 

35mm 

Up to 9m 

Up to 18m 

Up to 27m 

0.8m 

1m 

1.4m 

G3/4`` 22mm 28mm 

35mm 

42mm 

Up to 9m 

Up to 18m 

Up to 27m 

1m 

1.4m 

1.7m 

G1`` 28mm 35mm 

42mm 

54mm 

Up to 9m 

Up to 18m 

Up to 27m 

1.4 

1.7m 

2.3m 

Example: 
Current install, cylinder has G1/2`` exit, 6 bends on D2 route which is 8m long 
 
Two options follow; 
D2 -- 22mm 
                                   D1 = 15mm -- D2 22mm 6 x 0.8 + 8 = 12.8m incorrect too long for 22mm     
D2 ï 28mm 
          D1 = 15mm ï D2 28mm 6 x 1 + 8 = 14m correct for 28mm as actual lenght is under 18m 
 

¶ D2 next dia above D1 

¶ Discharge should be copper 

¶ Terminate 100mm above ground with cage 

¶ Must terminate 3m from plastic surface (gutter/roof sheeting) 

¶ D2 discharges in solvent weld must be clipped every 
300mm/labelled with a HepVo valve 

¶ Warning audio light device for disable tennats 

20lpm  
1.5 ï 3.5 bar 



  

  

Temperature guidelines 
 

60° daily for 60mins 
 

Showers 43° 

Care home 43° 

Basin 38 ï 41° 

Sinks 46 ï 48° 

Bath 44° 

Unvented Cylinder safety 
temperatures 

 
Thermostat                               60° 
 
ECO                                           85°                   
Energy cut off  
(switches electric off to boiler) 
 
Temperature relief valve         95° 
(Poopet valve) 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pressure on/off 
adjustment switch 

Pump pressure 
adjustment 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pump  

Run time  

Pump run times 
 

L/m x Run time = flow rate 
 

66l/m x 10 = 660litres 

hǇŜǊŀǘƛƴƎ ǇǊŜǎǎǳǊŜǎΥ 

!ŎŎǳƳǳƭŀǘƻǊ ƻǇŜǊŀǘŜǎ ōŜǘǿŜŜƴ tм ŀƴŘ tн  

tм Ґ ƳƛƴƛƳǳƳ ƻǇŜǊŀǘƛƴƎ ǇǊŜǎǎǳǊŜ  

tн Ґ ƳŀȄƛƳǳƳ ƻǇŜǊŀǘƛƴƎ ǇǊŜǎǎǳǊŜ 

th Ґ ǇǊŜπŎƘŀǊƎŜ ǇǊŜǎǎǳǊŜ όƴƻǊƳŀƭƭȅ фл҈ ƻŦ tмύ 

Å ŀƭƭƻǿǎ ŀ ǎƳŀƭƭ ŀƳƻǳƴǘ ƻŦ ǿŀǘŜǊ ǘƻ ǊŜƳŀƛƴ ƛƴ ǘƘŜ ǾŜǎǎŜƭ ŀǘ ŀƭƭ ǘƛƳŜǎ 
 

Å ǇǊŜǾŜƴǘǎ ǘƘŜ ōƭŀŘŘŜǊ ŎƻƭƭŀǇǎƛƴƎ ŎƻƳǇƭŜǘŜƭȅ ŘǳǊƛƴƎ ŜŀŎƘ ƻǇŜǊŀǘƛƴƎ ŎȅŎƭŜΦ 
 

 

 

 

 

 

Pre charge in some vessels 
simulate charging pump 



  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

 

  



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    A x Q x R x C =  

    1+3 x 14.5 x 1.5(fall) = 87 

    87 x 0.020(rain intensity) = 1.74 

    1.74 x 1(Risk factor) = 1.74  

 

 

 

 

 

 

Location Nottingham 

Pitch 45 

Dwelling House no risk factor 

Q = Fall (dia 2)                      R = Rain fall intensity (dia 3) 
C = Risk factor of dwelling (dia 4)             A = area (dia 1) 

Fig 1 

Fig 2 

Fig 3 
Fig 4 

Areas greater 
than 25m2 needs 

a Shoe exit 

Ref: Reg H BS 12056 

3m 
2m 

14.5m 

Distance from outlet & 
stop end. 

Gutter depth x 50 = 
 

Distance between 
outlets. 

Gutter depth x 100 = 
 

100m gutter 50mm depth 
 

100 x 50 = 5m 
 



  

  

Drainage 

- Fill trap seals with water 
- Bung ventilation pipe with stop 
- Using hand pump charge to 

38mm 
- Should be no drop after 3minutes 

Drainage 

To performance test sanitation, run at least 3 ï 4 
appliances WC, bath, basin and sink. Once water has 

drained away, using a dipstick check the trap seals 
must have at least 25mm water depth, this process 

should be carried out 3 times 
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Heat Pump
design



  

 

V =     Q  x  t x 60                                            V = tank volume 

            4.18 x DT                                             Q = heat load                   (5kw) 

    DT = Delta T              (rads 10° / Udfr 5°) 

     60 = 60 seconds 

       T = HP compressor starts in hour 

 

 

 

 

 

 

  
 
 
 
 
 
 
 

0.14l 15mm copper 

0.31l 22mm copper 

0.5l 28mm copper 

600 x 1000 rad 6l 

 
 
5 x 15 x 60 
  4.18 x 5 

i.e 
= 

Volumisers are installed to 
prevent systems freezing, 

should the primary pipework 
be lower than 20l then a 

volumiser should be installed 



  

  

Q rating 4 5 6 8 10 12 15 20 25 

2 -20 -21 -23 -26 -28 -29 -31 -34 -36 

4 -17 -19 -20 -23 -25 -26 -28 -31 -33 

          8 -14 -16 -17 -20 -22 -23 -25 -28 -30 

Restriction db reduction 

Solid barrier between assessment position -10 

Move HP 25cm to be seen from assessment position -5 

Heat pump performances with outside temperatures 

  

Heat Pump 
location 

Table 1: 

Table 2: 



  

 

Scenario; ASHP installed against wall, manufacturers data states 55db, 

this install is partially covered with wall and the assessment position is 

4metres away 

 

 

 

 

 

Description Result 

1 Manufacturers db  55db 

2 Installed against single wall Q4 

3 Distance from wall  4m 

4 Db reduction 4m @Q4 (table 1) -17 

5 Brick wall between assessment (table 2) -5 

5 55 + -17 + -5 =  33db 

6 MCS approval guide (table 3) 40 ï 33 = 7  0.8 

7 Final 40 + 0.8 = 41 

8 figure is below 42  Permitted 

Difference between two noise levels Correction factor 

5 1.2 

6 1 

7 0.8 

8 0.6 

Table 3: 



  

 

 

Ground floor 45m2 + f/floor 45m2 = 90m2 

90 x 100 = 9Kw 

After adding improvements 

Loft insulation & glazing 

90 x 85 = 7.65Kw 

 

    

 

 

 

 
 
 
 
 
Scenario 
Bungalow with 90m² floor area, dwelling heat loss of 10500kw 1980 built located in 
Humberside. 
Heating system 35  ▫under floor heating system incorporating HPC cylinder 
   10500 = 117w/m² heat loss  
      90 

Heat Pump 
Sizing 

 
 
 

Dwelling 1970 no improvements 



  

Sap Calculation methods 

Below table is for new build properties where number  

of people is unknown 

 

  

For example 120m² TFA equals 111litres VD 

The solar VS must be able to hold 80% of the VD  

110 x 0.8 = 88.8  

88.8litres is lower than the VS volume of 105litres so therefore the cylinder is correct 

Total Floor area TFA  

(m2)  

Assumed Occupancy  Hot water demand  

(litre/day)  

40  1.4  72  

80  2.5  100  

120  3.0  111  

200  3.2  116  

300  3.4  121  

400  3.6  127  

Solar 
sizing 

VS 
Volume solar 

VB 
Volume boiler 

BSRIA method 
 

46 + (26 x number of occupants) 
 

For example 3 people 
 

46 + 78 = 124 
 

124 x 0.8 = 99.2 
 

99.2 VS 

Solar panel sizing 
 

50 litres per panel 
South facing 

30° 
Purge for 30mins remove air 

 

30% borrowed from VB 

Fact



  

 

  

 
NTC black / external - Grey / Internal 

Pump installed on the return 
Insulation must be 150° 

Coil hex should be 10% of collector 
No PTFE, No solder, No plastic, Metal clips only, Brass olives 

Higher than 4m planning needed 
5m from boundary 

Rafters at least 50mm 
Trac pipe 10m max 4cm fall

 


