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Prezentare generala a cablajului

\

Domeniul de
tensiune: tensiune
nominala +10%

-

Toate cablurile si dispozitivele electrice

trebuie sa fie conforme cu standardele

locale.

Alimentare
independenta cu
energie electrica

-

\

Capacitatea
dispozitivului de
alimentare este

suficient de mare

[

Toate lucrarile de cablare trebuie

efectuate de o persoana calificata.

\

Ei bine si sol de
incredere

-
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Prezentare generala a cablajului

IMPORTANT: Cablurile de electricitate puternica si slaba nu ar trebui sa fie legate intre

ele.

=
-

—

—

——3

4/6 kW

Assembly unit
High voltage wire hole
Low voltage wire hole
Drainage pipe hole
Water outlet

Water inlet
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Instalarea cablurilor - Conexiune electrica puternica

Sursa de alimentare pentru unitate

1-phase 4-16kW stadard and 3-phase 12-16kW standard

Unit AkW BkW BkW 10kW 12kW | 14kW 16kW | 12kW 3-PH| 14kW 3-PH| 16kW 3-PH
Maximum
overcurrent 18 18 19 19 30 30 30 14 14 14
protector{ MOP)(A)
Wiring size(mm?)| 4.0 40 40 40 6.0 6.0 6.0 25 25 25 — |k T@T@”@”@ = [Lj[==eE==s|_
JIU L2L3N@|l |L1 L2L3NH'
[=] (=] 3 :...‘ (=]
deioiolc: Bl clelcle S
1-phase 4-16kW and 3-phase 12-16kW standard with backup heater 3kW (1-phase)

\\./’1
N
21l

IH

— o5 | : J ;
Unit AkW BkW BkW 10kW 12kW 14kW 16kW | 12kW 3-PH| 14kW 3-PH | 16kW 3-PH|  NC _l/}
Maximum .

overcurrent 31 31 32 32 43 43 43 27 27 27
protector(MOP)(A)

Wiring size(mm?)| 6.0 6.0 8.0 8.0 10.0 10.0 10.0 4.0 40 4.0

)

1-phase 8-16kW and 3-phase 12-16kW standard with backup heater 9kW(3-phase) " _ i

- 77779 7777
Unit BkW 10kW 12kW 14kW 16kW | 12kW 3-PH| 14kW 3-PH| 16kW 3-PH L1L2 L3N L1L2L3N
Maximum UNIT POWER SUPPLY  UNIT POWER SUPPLY UNIT POWER SUPPLY UNIT POWER SUPPLY
overcument 32 32 43 43 43 27 27 27 § hialic e - S
protector(MOP )(A)
Wiring size(mm?)| 8.0 8.0 100 | 100 | 100 40 40 40

Pentru limitarea intensitatii maxime de catre controler, verificati "POWER IMPUT LIMITATION" in meniul "FOR

SERVICEMAN".
/
Johnson /))I
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Instalarea cablajului - Sistem Cascade

SW9

EE OFF| Master
! unit

9 select
55 ON

| Please use the shielded wire, and the shield layer must be grounded ‘

> e Wi AW/ L S WL
i
~ 2 LINIE]

2

Master unit

NS VAVE)
FE i e

Slave unit x

Slave unit 1 Slaveunit2] ------

On/Off switch Fuse u Fuse Fuse Fuse Build-out

T

H

Indoors Ll
Power supply

=

Distribution box Distribution box Distribution box Distribution box

The parallel| system electrical control system connection diagram(1N~)

Only the last DU
requires adding the
build-out resistor at
Pand Q
resistor

SW9
- oo Eg OFF Ma;ter
T = unit
Mok W o F select
ON
s

| Please use the shielded wire, and the shield layer must be grounded ‘

o TR TR A TR T

VN& VANE: VAV
(L2l N 1 H2 [Lil2]3 N1 Rz TR

1
Master unit Slave unit 1 Slave unit2 |-~ Slave unit x
Only the last IDU
[L requires adding the
build-out resistor at
ifilli ifili 1000 D] |sowocrmor
On/Off switch Fuse Fuse Fuse Fuse Build-out resistor
. 1] 1] ) ’ J y ]|
: 1 ( 1 f 1 i l
. i i
. I I I
r ] ]
Distribution box Distribution box Distribution box Distribution box

Power supply

The parallel system electrical control system connection diagram(3N~)

5
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Prezentare generala a cablajului - YKF Monobloc 5 - 16 kW
—— r@cmﬁﬂ

E_&-mm

Code Assambly unit

A |Main unit R [ e eSS

B |Solar energy kit(field supply) 1 | i -' -

o |sermeraee LR LR L oo :

D | Low voltage room thermostat(field supply) e L b

E |P_s:Solar pump(field supply) :-_ } Tl

F P o:0utside circulation pump(field supply) T ) -: _ ::-I _8

3

Code Assembly unit i I

G  |P_d:DHW pump(field supply) - i ‘

H SW2 3-way valve(field supply) ' ; .

[ SV1:3-way valve for domestic hot water tank(field supply) [“ J' E . 2] ...

J Booster heater ° &9———#—

K |Contactor = - '

L Power supply K B _(ﬁ] Ij[] o I:m I

B i e i N
E Er. 5 /—::. :G
Sl i
- : H
e el =——F« Johnson //))I(

6 Johnson Controls - TS 77777777777777777777777 77777777777 7777777777 Controls



Prezentare generala a cablajului - YKF Monobloc 18 - 30 kW

Coding Assembly unit

A QOutdoor unit

B Solar energy kit (field supply)

Cc User interface

D Room thermostat (field supply)

E Boiler (field supply)

F P_s: Solar pump (field supply)

G P_c: Circulation pump / zone 2 pump (field supply)

o H P_o: Qutside circulation pump / zone 1 pump (field supply)
Coding Assembly unit
I P_d: DHW pump (field supply)
J SV2: 3-way valve (field supply)
K SV1: 3-way valve for domestic hot
water tank (field supply)

L Domestic hot water tank

M Booster heater

N Contactor

0 Power supply

P Zone2 SV3(3-way valve)

Johnson ﬂ))I(,
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Prezentare generala a cablajului - YKF Split

8

Assembly unit
Outdoor unit
Solar enengy kit (field supply)
User inferface
High voltage room themmostat (field supply)
P_s: Solar pump (field supply)
P_o: Quitside circulation pump (field supply)
P_d: DHW purmp (fisdd supply)

Assembly unit
SV2 3-way valve (field supply)

SV1: 3-way valve for domestic hot
water tank (fizld supply)

Booster heater

Contactor
Power supply

Indoor unit

Johnson Controls -
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Prezentare generala a cablajului - YKF Split

Code Print Connect to Code Print Connect to
® 1 | SL1| Solar energy input 11 A
2 | sL2 signal 2|1 B
3 H 1 Wired controller
~ —+—=—{ Room thermostat input i :{,
- = {high voltage )
15| L1 NG 5| E
® 9 |[10N @) 6| P Outdoor unit
@ @ B [MOFF] SVv1(3-way valve) -1 a
6| N _
o o 7 120N ©) 9 | Hi Internal machine
® B_[2OFF| SV2(3-way valve) 0l 1z Parallel
- 1Tl N
t 234 Js J6  Jo Jo [o[11]12] |25 [os o7 Tos ] 1‘2|3‘4‘5‘ I N
O “‘U] ; L21 " H1 e ﬁ;orjlofior:j#: ‘i 1P‘c;_:‘52: ‘i 4 H; Zf]AH;:AH;; AlBIL XY ELNG CN11 &) =1 Pumpc(zone2 pump) Code Print Connect to
20 |2 2 8 7 |8 [ |
TBH|BH1| L1 | N| N| nponpord N[ N| N| N N | Rt |DFT2DFT ‘ P| a‘ £| H“—!Z f; PNO 26| R2 c
® —0 |outside circulation pump _ 30 R OMmpressor run
. CN11 CN7 CN30 TN | zonet pump ®
@@ © © © ° o = M|P s 31 DFT2 Defrost or alarm signal
5 g} =3 ﬁ Solar energy pump CNT 32 | DFT1
- ﬂm - -
12| P d _ 25 | HT [Antifreeze E-heating
@ 1 DHW pipe pump @ o N tape(extemal)
) o O o ) e
XT1 ‘ - ’ ' - ¢ e — |12 [TBH & 27 | AHST | aqai
- @ Tank booster heater E)] Additional heat source
| 16| N 28 | AHS2
[ @E @‘ %‘ DDD () 14 [1BH1 Internal backup heater 1 L
@ © © © 17| N XT1 Indoor unit power
@ o @ 18| N = supplier
@ 19 |aoN | Sv3(3-way valve)
%||||4=.=||||_; =] [ S [ I= = 20 |30F

Johnson ¢))I
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Consiliul principal

9 10

Putere IN.
220V AC .

~
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Consiliul principal

Putere IN

BROWN
BLUE

s
[6o]

Power GND PUMP FS
CN21 CN5 CN28 CNg

= |HHE i

ety DIS1

HEATT SW1  swz

BLACK (O

11 Johnson Controls -

o O 0 [(5] s

HEATS ,,01 B% i

Cha1 d

|

i

we)e|

ool L% |
[

[6o] [66 9]
1BHY/2_F& TBHIBHZIBH1
CNz22

CN1

.Wh
| one

CNT

CN3|
L COM HT GMODF

cool||[E5g g [foocool bogod

[LOW VOLTAGE]

THERMCS IAT

" ol

CN35

SMART GRID
ILOW WOLTAGE)

HinNy

Main control board of indoor unit

CN3B

N1 |

EYXBA o Ep |jl ETITEMIME EVU 56

Egeesl!

e

CN14

Terminalul dispozitivului extern

intrarea
informatiilo
rde la
senzor

Functie
externa

comunicare cu
ODU/HMI
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Placa principala - Setarea comutatorului DIP

=z
Ol 1

[ IR

3

[ I

1

o o u ]

[ IR

2

-

[

[ I

T
T
)
S1 S2 S4
OP | oN=1 OFF=o | Factory | DIP ON=1 oFFsg  |Factoy | DIP g OFF=0 | -2cto
switch - | defaluts | switch - N defaluts | switch - | defaluts
_ Master unit:clear
0/0=3kW [BH(One-stage Start pumpo after|Start pumpo after addresses of all | \G€P
SO 1 |six hours will  |six hours wil OFF 1 | slave units the OFF
112 Si;iﬁ;"v BH(Two-stage | o /oFF be invalid be valid Slave unit: clear zggfe”sfs
1/1=9KW IBH(Three-stage 'ts own address
control) , ]
2 |without TBH with TBH OFF 2 |Reserved Reserved| OFF
S1 S2 S4
0/0=variable speed pump,Max head:
0/0=Without IBH and AHS 8.5m(GRUNDFOS)
1/0=With IBH 0/1=constant speed pump(wILO)
3/4 0/1=With AHS for heat mode | OFF/OFF 3/4 | 1/0=variable speed pump,Max head:|ON/ON 3/4 Reserved OFF/OFF
1/1=With AHS for heat mode 10.5m(GRUNDFOS)
and DHW mode 1/1=variable speed pump,Max head:
9.0m(wiLo)
12 Johnson Controls -
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Instalarea cablurilor

Portul furnizeaza semnalul de control catre sarcina. Doua tipuri de port de semnal de control:

Tip 1. Conector uscat fara tensiune.
Tipul 2. Port furnizeaza semnalul cu tensiune de 220V. In cazul in care curentul de sarcina este <0,2A, sarcina se poate

conecta direct la port.
In cazul in care curentul de sarcina este >=0,2 A, este necesara conectarea contactorului de curent alternativ pentru

sarcina.

[T LTI LTIl lal] [2=[2[7]2] | GT[a]a]e]
gl e[ [ [ [ [[[]][le0]st]s2| [Te[7e[ew
a CH11 . CN7 o CHAD o
1]2]3]a [5[6]7 [& |2 fofual2] )}[‘ ananaE
|13]14|15|15|17|1a|19|2n|2||22|23|24; J BEARE
CN11 I ‘ Wew o owo
Power supply
715 311 | a4
1;‘\3 o
J 35‘21 ¥2 Contactor
‘ | Ic;:[ (TBH)
Type 1  Running Type 2 ¢))
Johnson

Controls
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Instalarea cablajului - Interfata cu utilizatorul si termostatul

Termostat de camera de tip 1 (Tnalta tensiune): "POWER IN" asigura functionarea
tensiune la RT, nu furnizeaza tensiunea direct la conectorul RT. Portul "15 L1" furnizeaza tensiunea de 220V la

conectorul RT. Portul "15 L1" se conecteaza de la portul L al sursei principale de alimentare a unitatii de alimentare cu 1
faza.

Termostat de camera de tip 2 (joasa tensiune): "POWER IN" furnizeaza tensiunea de lucru pentru RT. PR EM MG

Pollal’

a8 x|*v[°e ‘

Voltage 220-240VAC
Room thermostat type 1 (High voltage):
i i [FEEETAL [ RRELE)
Maximum running current(A) 02 PR (LT r e 5L
& o7, o N o W o o o EEHEI nRAnAl
. - T oo
Wiring size(mm?) 0.75 . e T
wt, Tsolar
e PUMPS
- /
"' i " Method C
Solar Panel HEAT(H) L
J-r . HEAT(H) cool(c) (Double zone control) ‘ vearny | | | ooy
- Fan coil units
Hydraulic Module f 1 Method & * * Method A
etho
— ‘ T L —— L/ — I (One zone control) \j i_/ (Mode set control)
== -— —-— [ POWER
,L Thermostat B B = RT1 [ RT2 [ — N i — W

RT1
ﬁl—% Zonel zone2
3
ali Thermostat Tw2 Floor heating
Ll sv2 e
I - "1 PUMPC
- H o d

I riir:terdoller

5 20
i ! 1 Mixing Station " =
=1 X pumPo @ i
— cHaz cnas
. — AHS A | - [
Outdoor unit L ¢ '
[ 5
, I W = I nE =
AYORK —
| Balance tank
‘ } R MM LA
T1 Thtl [ Isdsdsdsd=daded =g~
= T s 1
sVl cHn -
|
A T
- = . Tot2
L. g
. “ HEATIHT) [coM
-« lathod B
il Mo & LI
= {(Mode set control) e - : U
\

[~ POWER
N
Domestic water tank

- Johnson ﬂ))l(,
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Instalarea cablajului - Termostat de camera

Metoda C: inchidere HL - Zona 1 ON;
HL deschis - Zona 1 OFF;
CL close- Zona 2 ON;
CL deschis - Zona 2 OFF;

TERMOSTAT DE CAMERA = ZONA DUBLA

TERMOSTATUL DE CAMERE=ZONA DUBLA, cablarea termostatului
de camera trebuie sa urmeze "metoda C".

" 6 ROOM THERMOSTAT

6.1 ROOM THERMOSTAT NON

13 14 |3
H|l L1 C

HEAT |
cooL
Ul
| POWER
RT1 |

IN

Method A:

15 Johnson Controls -

13 (14 |3
H|l L1 C

U POWER

IN
RT1 I

Method B:

_ B ADJusST
13 14 3
H L1 C
POWER IN POWER IN|
RT1 — RT1 —
/
Method C: Johnson /))I
Controls




Instalarea cablajului - Termostat de camera

NOTA: Exista doud metode optionale de conectare, in functie de tipul de termostat de camers:

Termostat de inalta tensiune (tip unu) sau termostat de joasa tensiune (tip doi)
a. type 1(RT1) (High voltage)

3 |15 |4 3 |15 |4 3 (15 |4
Hl L1 C H| L1 C H{ L1 C N

HEAT cooL .

{' i_/  POWER U |POWER \i_ _{ -

IN IN 'POWER IN POWER IN
RT1 [ RT1 [— RT1 [ RT1 [—

Method A Method B Method C

b. type 2{(RT1) (Low voltage): in main control board of hydraulic module CN31

CL CGI"».-'I| HT CL ICOM| HT CL [COM| HT

i C__ T
COoL HEAT n )
T 1 ‘[ T o L ] :j r
[ POWER [POWER \ | L/ - \
IN IN POWER IN POWER IN
RT2Z [ RT2 [ RT1 [ RT1 [ Lo

)
Method A Method B Method C JOhl'ISOI"I (‘

16 Johnson Controls - COﬂtI'OlS



Instalarea cablajului - Interfata cu utilizatorul si termostatul

TI0240V AC ey
POWER SUPPLY ﬂ I i
e = RIEE
o qel | 8]
auz {omo §
Roow I
THERMOSTAT
oSy 3
o
ROCM
THERMOSTAT

nw?omcs}L\

al

ELLE[TELL
W) 2 m@@m“ @_5?9_‘6_’)' A

i

o
wed|

Main control board

Main control board of indoor unit

17
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.1, Tsolar
.". PUMPS
Gy 4 l/"{ @
Solar Panel l
I RTS Fan coil units
J ? HydraulicModule

| e S S

l = A =

Kitde RT3 l —& E’é

I colect

l are a S
I tiTB;?r - Tw2 Floor heating

- ‘ sv2 G %—O—-
= PUMPC
] £ Wired e e ' | :
| J controller Mixing Station
"“’g— ! ' T —_— PUMPO ?
AHS
Outdoor unit I *

[ vl |4 ===
J Balancetank

I Y
| L Tht1 el v

I SV -
‘ The2 HET

] SR - PUMPD
I TBH

I Ay

‘__

I N

| —_—
I Domestic water tank

Johnson ﬂ))I(,
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Instalare cablare - Supape

SV1: Comuta debitul de apa din modul de incalzire a spatiului in modul

de apa calda menajera sau altfel

SV2:

1. Inchideti in modul de ricire pentru a preveni apa de condens

pentru incalzirea prin pardoseala.
2. Comutati la FCU in modul de racire.

SV3: Tn modul de control cu dou3 zone, faceti
ca temperatura de iesire a apei din sistemul de
incalzire prin pardoseala sa fie aproape de

valoarea de setare.

Voltage
Maximum running current(A)
Wiring size(mm?)

Control port signal type

220-240VAC
0.2

0.75

Type 2

1, Tsolar
> 4 . PUMPS
%7 " 4 /
Solar Panel ‘ =
1) Fan coil units
HydraulicModule
-
- l,., Thermostat
|
T
- — Thermostat i Tw2 Floor heating
Sva %—Q—
9 PUMPC
-~ " Wi ed W S————
l | o cortroller Mixing Station
: — pumro @
- U AHS 1 |
Outdoor unit v
* A
2 -
Balancetank
|
5 B, Tht1 ~ i
SV?
Tbt2 T5
- PUMPD
) TBH
T T
- <
T N
- g

18 Johnson Controls -

Domestic water tank

M‘“’““ [z[z[]5]) [[TTTTTlsl LIII]
IEIEEIEh GEEEE INNENCAY ANREN
o ONT o oW T

EEEEN uanal
[29130{31)32| |[8]7 8 |s]0]

o, o,

[ET) [l e ]
29(30(31)|32| [|&f7]a ]|

o O ovd
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Instalarea cablajului - Pompe

.1, Tsolar
- PUMPS
b b / S
Solar Panel
Fan coil units
Hydrauchodule
The 'mostat e
T
Thormostat E Tw2 Floor heating
e
PUMPCH
Wired ol
controller Mixing Station | |
PUMPO ?
AHS $
Outdoor unit 1
] Balance tank
AL, Tht1 f
Tbt2 5
bt ® PUMPD

POMPE: Pompa solara

PUMPD: pompa de apa calda menajera

PUMPC: Pompa de amestecare

PUMPO: Pompa de circulatie exterioara

=T CUmSTITCTuTiS

ma=n=]|

° IIHI\I\H}\!NS‘HH

;fi'

—————————————————————

o

IIEBIEI

° IHHIHI
JIBIES Rl

mmmmm | ngm

Power supply
1

ol [ 10
%

6 4:2

P-d
@[E & |
v

—————————————————————

Solar pump

o
[z e[| [ o as])
m el elsfel |
CNT © N30 °

o o o
fe]
——"
Pmer su pI)‘
5 1
KM2 1\
@E 4 :2
W
Voltage 220-240VAC
Maximum running current{A) 02
Wiring size(mm?) 0.75
Control port signal type Type 2

Johnson //))I(
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Instalarea cablurilor - Incalzitoare

, 1, Tsolar
3 - PUMPS
=0 e
SolarPanel HL— 7) For tank booster heater: 8) For additional heat source control:
. J Fan coil units q ° d e
‘ HydraulicModule &
) G =
| i EEER] i
[ BT (RR e {EEEEE iy /1 1) oy |
o - Thermostat o S o o anr _ om _ | TrzhsheladhoTefseed2bzpaled (T T T T | [[s[[e]efon
o ET l!° o o
sv3 o a @ =] o
- - Thermostat w2 Floor heating o a @ o o o
- V2@ %—O— 1
— PUMPC o] o
o I ] -! Wired e -
I . controller Mixing Station - [ =
[ — PUMPO &
..... AHS ? |
Outdoor unit \ v
——————— ‘ A
Balancetank
: it Tht1 === O
T SV
— - Tbt2 ’;[5 GNP Voltage 220-240VAC Voltage 220-240VAC
| G > -
TBH Maximum running current{A) 02 Maximum running current{A) 0.2
< b Wiring size{mm?) 0.75 Wiring size(mnr) 0.75
|
| N Control port signal type Type 2 Control port signal type Type 2
o | Domestic water tank
-

Johnson ﬂ)){(.
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Instalarea cablajului - Sistem solar

Optiunea 1: control SL1SL2

(15 INPUT DEFINE )
156 Ta HMI
15.7 SOLAR INPUT
15.8 F-PIPE LENGTH <10m
15.9 dTht2 12°C

15.10 RT/Ta_PCB

NON

L B pJusT

/

21 Johnson Controls -

N LT Lelol

25|2a|z?|2s|

1]2[a4]5]

[23[30]31[32] Je[7[2]efid

\\ 1I'IIIII

|
\ N

CNT
=]

ONNECT TO SOLAR |
IT INPUT 220-240VAC !

___________________

=0

Voltage
Maximum running current(A)

Wiring size(mm?)

220-240VAC

0.2

0.75

.‘ 'U'I‘
!..._ 10
-

(e

(e

Optiunea 2: Controlul Tsolar

(15 INPUT DEFINE )
15.6 Ta HMI
15.7 SOLAR INPUT
15.8 F-PIPE LENGTH <10m
15.9 dTht2 12°C
15.10 RT/Ta_PCB NON

_ EBADuusT [ <> )

CN18:
Tsolar

Johnson ﬂ))l(‘
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Instalarea cablurilor - Alte conexiuni

Conexiunea cablurilor de inchidere de la
distanta
(Unitate ON/OFF sau TBH ON/OFF)

I?:l CN21 =0 OEIE

CN5 CN28 CN8 CN6
[ S]CN32

[ 8] CN29 iﬂ

e ] CN42
@ e]CN40
[ e]CN41

CN22

CN1

[esliesle-es]

22 Johnson Controls -

Conexiunea de cablare a semnalului de
dezghetare/semnal de alarma

- @]
(-]
@
© o
5 1]2[3]a]s[e[7[s]efichshial | [ [ [ [ [|[Blele] |,
hapaps|refi7jisfiofoltpopsfal [ | [31]32] [Ts]7]e]afio
=] Lo il v, o, |
s o
BEE
ﬁ @] o] (@]
% o
éﬁ\ [ [F=E] [ (==l 1 las==T T I= kg;”
— )
Johnson /I
Controls
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Instalarea cablurilor - Smart Grid

23

Unitatea are o functie de retea inteligenta, exista doua porturi
pe PCB pentru a conecta semnalul SG si semnalul EVU.

Johnson Controls -

Atata timp cat modul de apa calda este setat ca fiind valid,
pompa de caldura va functiona cu prioritate in modul de apa
calda, iar temperatura de setare a modului de apa calda se va

modifica la 70 °C.

CONTROL

Atunci cand T5 < 69°C, TBH este activat
Atunci cand T5270 °C, TBH este OFF

Atata timp cat modul de apa calda este activat, pompa de
caldura va functiona cu prioritate in modul de apa calda.

Atunci cand T5 < T5S-2, TBH este activat.

Atunci cand T5>T5S5+3,

Functionare normala in functie de cerintele clientilor.
Interziceti functionarea in modul de apa calda, TBH si

dezinfectare.

Pompa de caldura functioneaza in modul de racire/incalzire
pentru "SG RUNNING TIME", care este setat pe controlerul cu

fir si apoi se opreste.

TBH este dezactivat

E|CN21 [H] Iﬂlo IEI__-—-_ CcN24
CN5  CN28 CN8 cN6 3ll] cnie
o8 CNa2 | oNi3
CMH15
8] CN2o :‘] i3] onie
CN42 CN25
b CN40
o e cNat
Iﬂ cN22
II[ CN1
Iﬂ CN2
1 20 3 4 5 [+ 7 =) af 1 11 12 .‘ll.zl.al.‘il .5 (=
=
i ool o B3
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Smart Heat Pumps
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