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GHP 
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CHOICE OF HP POWER 

Which 

size? 

http://www.google.it/url?sa=i&rct=j&q=pompe+di+calore+immagini&source=images&cd=&cad=rja&docid=4FaCHb0KHR7DXM&tbnid=DCShszAyL5SzMM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.mc-thermo.com%2Fit%2Fprodotti%2Fcondizionatori-deumidificatori%2Fpompa-di-calore-inverter-anli.html&ei=aY2gUY_pHcT1Od3HgMgC&bvm=bv.47008514,d.ZWU&psig=AFQjCNFWBhPFEgyqFexcD9vZlFPtEtaGGA&ust=1369562803420017
http://www.google.it/url?sa=i&rct=j&q=pompe+di+calore+immagini&source=images&cd=&cad=rja&docid=4FaCHb0KHR7DXM&tbnid=DCShszAyL5SzMM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.mc-thermo.com%2Fit%2Fprodotti%2Fcondizionatori-deumidificatori%2Fpompa-di-calore-inverter-anli.html&ei=aY2gUY_pHcT1Od3HgMgC&bvm=bv.47008514,d.ZWU&psig=AFQjCNFWBhPFEgyqFexcD9vZlFPtEtaGGA&ust=1369562803420017


W. Grassi " How HPs work"  IGA - 

UGI Course - Pisa 8/06/2013 

18 

Te 

Integration 

by other 

supplier 
HP power 

modulation 

Q 

Requested power (buildind) 

Power supplied by HP 

n1 

n2 

n3 

B balance point 

To be decided trough energy consideration 



W. Grassi " How HPs work"  IGA - 

UGI Course - Pisa 8/06/2013 

19 

Te1 

p 

Te Te* Ti Ti 

q Te,k Te,k+1 

Tm,k 

pk+1 

pk 

Te,k Te,k+1 

pk+1 

pk 

p 

pk probability of occurrence of Tk in    

the reference season 



W. Grassi " How HPs work"  IGA - 

UGI Course - Pisa 8/06/2013 

20 

0

2000

4000

6000

8000

10000

12000

14000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Temperatura esterna (°C)

P
o

t
e

n
z
a

 r
ic

h
ie

s
t
a

 (
W

)

External temperature (°C) 

P
o
w

e
r 

re
q
u
e
s
te

d
 b

y
 u

s
e
r 

(W
) 

HP operation range 

HP operational external temperature range 



W. Grassi " How HPs work"  IGA - 

UGI Course - Pisa 8/06/2013 

21 

Q 

Te 

Power needed 

by user 

 

B 

WINTER 

SUMMER 

Power supplied by 

HP 

giri al 

minuto 

TB = Te* TB TB 

Power by integrating source 

TP 

(a) (b) (c) 



W. Grassi " How HPs work"  IGA - 

UGI Course - Pisa 8/06/2013 

22 

HP MAIN COMPONENTS 

In particular compressor will be treated herein 
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(images from Wikipedia) 

Lamination valve 

Determines the pressure drop from condenser to evaporatore. Normally is 

controlled by a temperature sensor placed at the evaporator exit. This in 

order to be sure that only vapor (no liquid at all) enters the compressor, 

through an appropriate opening and closing port. 

Temperature sensor 

regulating port 

http://www.google.it/url?sa=i&rct=j&q=valvole+di+laminazione&source=images&cd=&cad=rja&docid=hTDXEby5uAdXnM&tbnid=yKbPhNQntYRngM:&ved=0CAUQjRw&url=http%3A%2F%2Fit.wikipedia.org%2Fwiki%2FValvola_di_laminazione&ei=f5CgUammAci7Of3ngeAI&bvm=bv.47008514,d.ZWU&psig=AFQjCNE90vnv3XLbNqgRY6AIJqIEc57usQ&ust=1369563586253780
http://www.google.it/url?sa=i&rct=j&q=valvole+di+laminazione&source=images&cd=&cad=rja&docid=YN3pAAXi0htfJM&tbnid=riRv__ppGh8grM:&ved=0CAUQjRw&url=http%3A%2F%2Fusers.libero.it%2Fhelemauri%2Fitalia_friends%2Frefregerazione%2Fcomponenti.htm&ei=7pCgUfueL8idO8v0gLgC&bvm=bv.47008514,d.ZWU&psig=AFQjCNE90vnv3XLbNqgRY6AIJqIEc57usQ&ust=1369563586253780
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1) suction port opens; 

1 -2) gas down intake to bottom dead center 

volume (V2); 

2) suction port closes; 

2 – 3) compression; 

3) exaust port opens; 

3 -4 ) exaust gas exit up to top dead center 

volume  (V4); 

4) exaust port closes;  

4 – 1) gas (contained in V4) expansion. 

Alternating compressor 

4 4 - 1 2 3 – 1  

http://www.google.it/url?sa=i&rct=j&q=compressori+alternativi+a+pistone+immagini&source=images&cd=&cad=rja&docid=o-J3yeE8YnNWZM&tbnid=uccYmheiQ7j0RM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.centrogalileo.it%2FnuovaPA%2FArticoli%2520tecnici%2FARTICOLO%2520CO2-03-07-07%2Fcompressori.htm&ei=jTyfUbu3IsPWPYXNgfgO&bvm=bv.47008514,d.ZWU&psig=AFQjCNGckDypDHzTHGrMjQdwy1rHMEMGdw&ust=1369476590837770
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www. direct industry.it 

danfoss 

Alternating compressor 
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http://www.google.it/url?sa=i&rct=j&q=compressori+alternativi+a+pistone+immagini&source=images&cd=&cad=rja&docid=Fl4dzUT5TwUBbM&tbnid=oPwWYfEdWPEecM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.directindustry.it%2Ffabbricante-industriale%2Fcompressore-frigorifero-pistone-90175.html&ei=FD2fUdLEO8XIOe2GgCg&bvm=bv.47008514,d.ZWU&psig=AFQjCNE4WJ1f88Sg0HWUGYRitqtRGQzksg&ust=1369476717212826
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Fluid volume 

suction 

discharge 

Fluid moves axially 

due to the rotating 

screws and is 

gradually 

compressed in the 

progressively 

reduced space 

within the two 

screws. 

Screw compressor 
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Screw compressor 
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The eco port (valve) moved  by a piston oil controlled by the evaporator 

overheating, sends part of the flow rate back. 
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Rotary scroll compressor 

http://www.google.it/url?sa=i&rct=j&q=compressori+scroll&source=images&cd=&cad=rja&docid=DCsHhBUG_xfgvM&tbnid=yrSQZ_epUiX-XM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.ariabox.it%2FTecnica%2FCompressoreScroll.html&ei=IDmfUfKXLsaNOPuFgZAP&bvm=bv.47008514,d.ZWU&psig=AFQjCNHdZeuXneHPfoPPlefGJi9lzeoAkw&ust=1369475650989931
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Rotary scroll compressor 
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The movable spiral, orbiting on the still one, figures (c) and (d), il forms di chambers 

(pockets) of progressively reducing volume.  

Discharge 

Rotary scroll compressor 
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Plate heat exchanger 

http://www.google.it/url?sa=i&rct=j&q=scambiatore+a+piastre+funzionamento&source=images&cd=&cad=rja&docid=48rUAswGr2xVoM&tbnid=D_fHkI-F2YifaM:&ved=0CAUQjRw&url=http%3A%2F%2Fit.wikipedia.org%2Fwiki%2FScambiatore_a_piastre&ei=18qhUZudMYjuOvvVgPAE&bvm=bv.47008514,d.ZGU&psig=AFQjCNETUSd1gI-e0kbwuScZGTwdvUHo_g&ust=1369644104675118
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http://www.google.it/url?sa=i&rct=j&q=scambiatore+a+piastre+funzionamento&source=images&cd=&cad=rja&docid=wrQYk7h33ci-mM&tbnid=BTHMie9y8SjW4M:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.directindustry.it%2Fprod%2Fbaode-heat-exchanger-co-ltd%2Fscambiatori-di-calore-a-piastre-per-processo-di-pastorizzazione-67364-782007.html&ei=h8uhUdqeHMXrOuvqgIgH&bvm=bv.47008514,d.ZGU&psig=AFQjCNGjyLYoeJFM4-FdSJdeYSMv-2jG5w&ust=1369644197324916


W. Grassi " How HPs work"  IGA - 

UGI Course - Pisa 8/06/2013 

36 

External source Internal source 

air 

air 

water 

water 

ground 

WINTER 



W. Grassi " How HPs work"  IGA - 

UGI Course - Pisa 8/06/2013 

37 

INVERNO

-4

-2

0

2

4

6

8

10

12

14

16

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

ORA DEL GIORNO

T
E

M
P

. 
A

R
IA

 (
°C

)

06-gen-05 15-gen-05

ESTATE

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

ORA DEL GIORNO

T
E

M
P

. 
A

R
IA

 (
°c

)

24-lug-05 15-lug-05

Typical air hourly temperature in a winter day  

Typical air hourly temperature in a summer day  

hour 

hour 

MAX 

MAX 

min 

min 



W. Grassi " How HPs work"  IGA - 

UGI Course - Pisa 8/06/2013 

38 

INVERNO

4

5

6

7

8

9

10

11

-10 -8 -6 -4 -2 0 2 4 6 8 10

TE (°C)

C
O

P

TC=40°C TC=50°C TC=60°C

ESTATE

4

5

6

7

8

9

10

11

12

13

40 42 44 46 48 50 52 54 56 58 60

TC (°C)

C
O

P

TE=7°C TE=12°C TE=15°C

Temperatura media mensile (Pisa)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Gennaio Febbraio Marzo Aprile Maggio Giugno Luglio Agosto Settembre Ottobre Novembre Dicembre

mese

te
m

p
e

r
a

tu
r
a

 (
°
C

)

winter summer 

COP EER 

Ideal cycle Ideal cycle 

Air average month temperature in Pisa 



W. Grassi " How HPs work"  IGA - 

UGI Course - Pisa 8/06/2013 

39 

Internal 

unit 

External 

unit 
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Surface sea temperature in december 

Italian AIR FORCE 

% refers to 

number of 

pixel from 

satellite image 
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From ATMOSFERA TOSCANA 

sea temperature in spring summer and 

autumn 
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Mountain lake temperature in spring summer 

and autumn 

Underground water (not very deep) has more stable 

temperatures all over the year usually around 10-12°C. 
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Ground temperature 
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horizontal 

heat 

exchange 

vertical heat 

exchanger 

ground 

scavo 
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Filling material 

(Bentonite) 

ground 

Vertical 

heat 

exchanger 

Single U double U 

ad U annular 

annulare 

Bottom 

weight 

spacers 
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series layout 

parallel layout 

linear layout 

A A 

Sez. A-A 

spiral layout 

basket layout 
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open port 

closed port 

free cooling 

route Pompa di 

calore 

External 

environment 

interior 
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HP REFRIGERANTS 

(enthalpy – pressure diagramms 
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http://www.google.it/url?sa=i&rct=j&q=diagrammi+entalpici+refrigeranti&source=images&cd=&cad=rja&docid=l5F8_9FROdoC5M&tbnid=5GI6iBkWDZzLYM:&ved=0CAUQjRw&url=http%3A%2F%2Ftermomeccanica.plcforum.it%2Findex.php%3F%2Ftopic%2F11020-ciclo-entalpico-refrigerante%2F&ei=X_uhUeC3BcXQOdCNgagM&bvm=bv.47008514,d.ZWU&psig=AFQjCNFsFGvS2tVzBIsCfiTX8bPv5Fp7jA&ust=1369656499272985
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51 From LCD Clima 
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CO2 
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Before the lecture 

After the lecture 

MANY THANKS FOR YOUR  

KIND ATTENTION 


