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TRADITIONAL HEATING

ENERGY
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BOILER USERS

FUEL
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ELECTRIC HEAT PUMP

ENERGY
TO
USERS

EL. ENERGY
TO EHP

EHP

FUEL
ENERGY
INPUT Pg NETWORK
LOSSES
A U
“LOSSES”
External source: air,
water, ground
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ABSORPTION HEAT PUMP

ENERGY
TO

USERS

FUEL Gas
INPUT P, HP
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HP GENERAL WORKING SCHEME

mi’antini Cosmi
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EQUIVALENT HEAT EXCHANGE TEMPERATUTE

AND REFEFEREZNCE CARNOT CYCLE

T
Tpe === < < b
3 | A
AREA(1,2,3,4)= AREA(a,b,c,d)
/ 3
Td a|-———- d— |
______ Z]_ | > :a
| |
| .S
S3= S4=5.=5y S;=5,=5,= 5, EER:Q—LF Q>0 Q<0 |.(|.;)—F|=.?—C
F C
T 1 FER = —
Te 4 Summer
TC
Heat exchanceg in 1-2 is the
same as the one in a-b (see
areas). The equivalent exchange
1 _ temperature is T,
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COP AND EER

TC :Tb,c TC :Tb,c

TC
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TC WINTER

EER = Q. >0 Qq <0 &l _Q

L T, T,
EER = >

Te

TC SUMMER
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GHP PERFORMANCE
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GHP PERFORMANCE
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CHOICE OF HP POWER
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To be decided trough energy consideration

n, +
B balance point
Integration .n, T
_b_XEtfl?[ ______ HP power ~ -
supplier "= mogdutation
-

—— Requested power (buildind)

——— Power supplied by HP
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HP operational external temperature range

@ 14000
B 12000 \I\

4000 \\

2000 T~
N
0 o~
012345678 91011121314 15161718 19

Power requested by

External temperature (°C)

“— HP operation range

W. Grassi " How HPs work" 1GA -
UGI Course - Pisa 8/06/2013

20



WINTER Pi)wer supplied by

~ -
- gma
~ ~minuto

HP

-, Power needed

/ by us.e\A

SUMMER

Power by integrating source

v
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HP MAIN COMPONENTS

In particular compressor will be treated herein
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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 N

/

regulating port

(images from Wikipedia)
W. Grassi " How HPs work" 1GA -
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Alternating compressor
3 4 Funz 4 = 1

A

A 4
N

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.

W. Grassi " How HPs work" 1GA - 24
UGI Course - Pisa 8/06/2013


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

Alternating compressor

IMTAKE EAHALUST
VALYE VALVE

; Befrigerant
Vapout

www. direct industry.it
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Rotary vane compressor

ﬁ Discharge to

condenser

suction port
from
evaporator

ane
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NN

suction Screw compressor

Fluid moves axially
due to the rotating
screws and is
gradually
compressed in the
progressively
reduced space
within the two
Screws.

discharge

Fluid VOIumeW. Grassi " How HPs work" 1GA -

UGI Course - Pisa 8/06/2013
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Shaft seals Screw compressor

Timing gears

Cooling jackets A

o Asymetric rotors
Anti-friction and y

roller bearings

~
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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.

Sudion Gas l—cwout for

Vi adapnation | |

o

r . .
. -"
| -k

Shkding ,
’ ECO-Port l Cischage Gas
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Rotary scroll compressor

Compressore Scroll
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Rotary scroll compressor

©06
JOIO
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Rotary scroll compressor

Fixed spiral
L Orbiting spiral

(b)
Orbiting spiral High pressure
pocket
P
Discharge Low pressure
pocket
(©) (d)

The movable spiral, orbiting on the still one, figures (c) and (d), il forms di chambers
(pockets) of progressively re%_cg}gs\S/iQIH(r)rvlvers work® IGA- 30
UGI Course - Pisa 8/06/2013



vapore

liquido
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condensation

Plate heat exchanger

—0 o

refrigerant

evaporation

" o

A

refrigerant

—0 0~

@ 9

water

water
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Plate heat exchanger
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TEMP. ARIA (°c)

TEMP. ARIA (°C)

Typical air hourly temperature in a winter day

hour
Typical air hourly temperature in a summer day

W.Grassi" hour work" IGA -
UGI Course - Fisa 8/06/2013

» MAX

min

37



winter " summer

== TE=7°C ===TE=12°C === TE=15°C
= TC=40°C = TC=50°C — TC=60°C

COP EER

-10 -8 -6 -4 2 0 2 4 6 8 10
TE (°C)

TC ()

Air average month temperature in Pisa
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temperatura (°C)
=
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External
unit
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Surface seatemperature in december

C.N.M.C.A. - PRATICA DI MARE - MSG - TEMPERATURA MEDIA DEI BACINI 18-12-2008 12:00 U.T.C.

Nome Bacino

Temp. Frazione Pixels
Sereni

Mar Ligure
15.7 - 100%

16.5 - 97%
Tirreno sett.le

Mare di Corsica
14.9 - 100%

Tirreno cent.le
159 - 99%

Mare di Sardegna
16.4 - 98%

15.1 - 100%
Adriatico sett.le

Adriatico cent.le
16.3 - 100%

Adriatico merid.le

15.7 - 99%

Tirreno merid.le

17.0 - 100%

Canale di Sardegna
173 - 97%

Stretto di Sicilia
18.7 - 99%

lonio sett.le
17.1 - 100%

lonio merid.le
18.6 - 100%

% refers to
number of
pixel from
satellite image
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Seatemperature in spring summer and
autumn

—0O— Aprile

—A— g o

- Settenibre
OLLobie

From ATMOSFERA TOSCANA
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Mountain lake temperature in spring summer
and autumn

circolazione primaverile
: stratificazione estiva

temperatura
0 4 20°C temperatura
0 t 0 4 20°C
= i ol
ue-: E| i o
= s i S
10| metalimnio . /‘:‘
o ()
| %
20_1_
20| |

Underground water (not very deep) has more stable
temperatures all over the year usually around 10-12°C.
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Ground temperature

gen feb mar apr mag giu lu ago set ott nov dic

I

k=

Xx=05m
X=15m
x=35m

Temperatura del suolo
non disturbato

superficie

Lmax

datl medi variazione temp.
del suoio a Stillwater
Oklahoma USA

Owww.goomorm

10m 4

15m 4

20m

W. Grassi " How HPs work" 1GA -

UGI Course - Pisa 8/06/2013

Surface tlemperoture

0 5 10 15 20°C

Wichovory B May November B August
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horizontal vertical heat

heat exchanger
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Single U
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\ »
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double U

Vertical
heat
exchanger
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series layout
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parallel layout
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spiral layout
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interior

External
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HP REFRIGERANTS

(enthalpy — pressure diagramms
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