on-®apabu atbiHaarbl Kasak ¥NTTblKk YHUBEPCUTETI
MexaHuka-matemaTmka pakynbsTeTi

KoHTUHeHTanabl KNUMaT XafgaubiHga
TYPFbIH yUnepal XXorfapbinoteHuyunanabil
XblJlyMeH KaMTaMachbI3 eTyre apHanfaH

Kbiny HacoctapbIiHbIH
XYMbIC pexumaepiH mogenbaey

OpblHOafFaH: Epnew E.B.

FbinbIMU XeTekwinep: TypanunHa [.E.
benges E.K.



KIpICI‘Ie Anmartbl, KasakctaH

KbICKbI XKblJ1bITY MayCbIMbl yKasfbl MayCbIM

»> XKbIbITYy XynenepiHae KemMipCyTeKTi OTbIH TyprepiH KongaHy
1. TbIHbIC any opraHgapbl, ekne aypynapblHa;

2. anneprusinblk aypynapra;

3. reHeTukanblk e3repictepre cebdenwi bonaabl

Anmartsl, AcTaHa, ©ckemeH, LLbIMKeHT xoeHe T.6. kananapga
» Xacbin aHeprus kesiH KongaHy 6yn aKoNornsnbik MaCerneHi wewlea;

» Kasipri yakblTTa KasakctaHga Xblily HacocTapbl iC Xy3iHAe KongaHblnMmanabl



Kbiny Hacocsl

TemeH noTeHuuangbli
XbIny Ke3aepi Xbiny Hacockl Kby TYTbIHYWbINAP

1 — bynaHy; 2 — KbicbIMbIH apTThIpy; 3 — KoHaeHcauma; 4 — KbiCbIMbIH TOMEHOETY

©3ekKTiniri
= Fumapattapabl XblfbITy XXaHE bICTbIK CyMEH XabablkTay XKyMeciHae »Kblfly HACOCbIH Nanaanaxy;
= KasakCTaHHbIH KNUMaTTbIK XafaanblHa apHarnfaH Xblily HacocTapbiH YCbIHY.



- XbIny Hacocbl KOMMOHEHTTEPI

—_ Compressor _ 3
— : N 1 — bynanablpfbliu;
- o -
- 7 I 2 — Komnpeccop;
— - S —— 3 — KoH chaTc?'
I - g — D.v _ P;
- o 4 — KeHenTKiwW KnanaH.
5 — XnapareHT
Air ambient
evaporator

TEV




XKyMbICTbIH MakcaTbl |

1. Aya XKbLTYy HACOCHI
e MaremarukajnablK MOACIIH KYpY (RHEPIrUsJIbIK OalaHC);
* CanpapIk/ Tox1puOesiK 3epTTeyiep;
* Hormwxenepm tangay (119K, COP).

2. Kackaarsl aya sKblJIy HACOCHI
* MaremarukasnablK MOJACIIH KYPY;
* Canpaplk/ ToxipuOesik 3epTreyiep;
* Hormxenepal tanaay.

3. ABTOKACKAaAThI KYH KbLJIy HACOCBHI

e MaremaTuKaiablK MOACIIH KYPY;

* (CaHAObIK 3€PTTEYIIED;

* Hotmxenepal Tanjaay.




1. Aya Xblny Hacochb!
~ Qevap + Wcomp: Qcond = th
comp — -

1 Qpp= 7 KBT
T, =50°C

G
©

—_ Compressor
Qevap =7 . -
T,mp = -10 °C i u

Condenser

Air ambient
evaporator

@

Mass rate = ?
Inlet, Outlet T = ?
Max, Min T =7
Max, Min P = ?

TEV



TEV

+ Condenser

ev

>
| Weomp ‘

Air ambient
evaporator

1-2 compression (adiabatic)
s=const

2-3 condensation (isothermal)
t= const

3-4 throttling
h = const

4-1 boiling (isothermal)
t=const

J., — Specific heat of evaporation
of the refrigerant;

Weomp — SPecific work of
compression of the refrigerant;
Jcong — SPecific heat of
condensation of the refrigerant.



KackaaThbl XKblJ1y HACOCbI

O

] I

TT T T T It

Caondenser

-30TC

Air ambient
evaporator

Circulation
pump

e
T Tt

Air ambient
evaporator

|
.

Low Temperature circuit

N
=
=

N

Hot water storage tank

Thermostatic
expansion
valve

P e— - = ===
o1 2 |
|
1
Y

Compressor

R

Cascade heat
exchanger

| |
:
NG
|

+

Compressor l

High Temperature

circuit

Circulation L

pump

A

Hot water storage tank

N—

—

Aya Xblfly HacocCbil:

COP =2.0-3.5
KopluaraH opta Temn. -10C
KbInbITy KOHTYpbI +50C

Kackaarbl dya XblJly HACOCbl.

COP =1.7-3.0
KopwiaraHn opta Temn. -30C
KbInbITy KOHTYpbI +60C



ABTOKacKkaaThl XKblJ1y HACOCbI

SN

| |
| |
| |
| |
|
O: .' ( D E @ | KackaaTbl aya Xblny Hacochbl:
i | | Circulation
| |

TN
LT s Lo <:> D COP =1.7-3.0
Cascade heat °
Low Temperature circuit exchanger Condenser KOpLIJaFaH OpTa Temnmn. '30 C
N

High Temperature —L Ybin bITY KOHTYpbI +60°C

N
T

circuit

Air ambient
evaporator

K DK

Hot water storage tank

Thermostatic Thermostatic
expansion expansion
valve valve

)

Expansion - ea» eo» e

valve 3 | EEAN
Ambient source -+ _* + 1 | I o -
evaporator Subcooler +60°C
) r_\ - 1 " 4.—_©—_L
M |

T j | | ABTOKacKaaTbl Xblfly HAaCOChbI:

)
Flash chamber . . “ _< COP p— 20-40
KopwafraH opta temn. -30 C
N

errsen
— —L YKbINbITY KOHTYpbI +60 C
Expansion Hot water ~

X ‘
valve 1 Circulation storage tank
pump

é Condenser

| Compressor

Cascade
evaporator
-

Solar roll-bond
evaporator




MaTemaTukanblk moaeni

Tl - Tamb - CAT P2 = P3
@ @ Tge1 = +50 C P1=P(T1,x1) h2=7
Compressor h’l = h’(Tll Pl) TZ - T( Pz, hz)
S1 :S(Tl;Pl) Sy =S(P2,'h2)

Condenser

©|®

Air ambient @ @
evaporator

TEV P4 = Pl T3 = Tdel + CAT

hy = hs P3 = P(T3;x3)

Igp A i i I P4_;i}ll4) hs = h(T3; P3)
$4.= S(Pai hy) 55 = s(T5; Ps)

R

8, |- Tomp = —10C Tger = +50C
x =1 X3 =
CAT =5C

CAT — closest approach temperature



MaTemaTukanblk moaeni

@ @ Qcond = 7 kKW
- Compressor

Air ambient @ @
evaporator

Condenser

Evaporator:

Qev = m(hl - h4)

Compressor:
l/Vcomp - m(hz - hl)
VVcomp = m(hs,z - hl)/ncomp

hs, = h(Py;s1)

Condenser:
Qcond — m(hz - h3)

COP — Qcond

comp

P,
P, i, =—=
ratio P,

h2 =7
Ncomp = 0.8
Qcona = 7 kW



MaTemaTukanblk moaeni

@, @

- Compressor

<.

Air ambient @
evaporator

X
l @ Condenser
_ra'-rr-'

——
TEV
q cond
o >
Algp ; K
(33
P RE

!
@ ______________________________________ it

qev Weomp

T, = Tymp — CAT

P, = P( Ty — Suppeqt; xl)

hy = h(Ty; Py)
s, = s(Ty; Py)

P, = Py
hzz?

Ty = T( Py; hy)
Sy = S( Py; hy)

Py =P
hy = h3

Ty = T( Py hy)

@
@

© | ©

Ty = Ty, + CAT
P3 = P( T3+ School; X3)

hs = h(T3; P3)

Sy = S(Py; hy) s3 = s(T3; P3)
Tomp = —10C Tger = +50C
X1 = 1 x3 =
Suppeat =5 C Subcoor = 5 €



= EES (Engineering Equation Solver) baraapnamacei I

FHIE | i i st b e B8t A ot
o =T DEN vy Es g O OREE BEEEE e O DmEe s 2
[=] Equations Window == > ~
"1(1) Evaporator outlet / Compressor inlet" || vpaae Hen v |
T =T _amb - CAT evap Main Program Unit Settings: S| K Pa J mass deg
EE[]:]Propfs;('z;;(Tl;.éT[lj!}S[#?éi\;apgil[;].'O'.‘l f8)*1[Pa] CAT_cond [K] CATcond =7 [K] CATgyap =7 [K] COPpeqt =2.325 neomp =0.8  F$ ='r410A° Pra
=p_ c I=T1]-sup_ CAT_evap [K]
h[1] = enthalpy(F$, T=T[1], P=P[1]) COP_heat Subcong =3 [K] Supeyap =35 [K] Tamp =263.2 [K]Tge = 323.2 [K] Weomp = 3011 [W]
s[1] = entropy(F$, T=T[1], P=P[1]) eta_comp r —
s [=
F$
h(] [kg] s Main | —
"I(2) Compressor outlet / condenser inlet" h_s[l [/kg] ' : : )
m([z?l E m[1] m[] [kg/s] Sort hi hS,i m; pi S Ti
Pl [Pa] [J/kg] [J/kg] [kg/s] [Pa] [J/kg-K] K]
P[2]=propssi('P','T",(T[3]+Sub_cond)/1[K],'Q',0,f$)*1[Pa] Z—"a‘ 4 [11 418058 0.0336 370105 1875 256.2
IIP2] = p_sat(F$, T=T[3]+Sub_cond) e o 2 507664 489742 0.0336 4.014E+0¢ 1921  391.8
h_s[2] = enthalpy(F$, P=P[2], s=s[1) S et = ' | |
W_comp  =m[2]*(h_s[2] - h[1])/eta_comp SE _Ziz Eg | =R [3] 299340 0.0336 4.014E+0¢ 1318 330.2
W_comp  =m[2]*(h[2] - h[1]) 0 Uka [4] 299340 0.0336 370105 1402  251.1
T[2] = temperature(F$, h=h[2], P=P[2]) = e |
0 [K] [5] 418058 370105 1875 256.2
s|[2] = entropy(F$, h=h[2], P=P[2]) T_amb [K] e — ¥
T_del [K] 0
&
W_comp [W] -
"1(3) Condenser outlet / expansion valve inlet" X[ |
m3]  =ml2] ;
P[3] = P[2] |
h[3] = enthalpy(F$, T=T[3], P=P[3]) ;
s[3] = entropy(F$, T=T[3], P=P[3]) — o 10°} L 280K 1
Q_cond  =m[3]*(h[2] - h[3]) I ; i
! |
f !
"l(4) Expansion valve outlet / Evaporator inlet" 250K IJ
m4]  =m[3] E / P
h[4] =h[3] R .
P[4] = P[1] F < >
s[4] = entropy(F$, h=h[4], P=P[4]) Ty =256.2 [K] y T, = 391.8 [K]
T[4] = temperature(F$, h=h[4], P=P[4]) @
x[4] = quality(F$, h=h[4], P=P[4])
Q_evap  =m[4]"(h[1] - h[4]) | E
"I(5)" Compressor
h[5]=h[1] . 0T Circulatio
us "I-_;ne: 2;1‘ -Char: 2 Wrap: On | Insert Caps Lock: Off | 51K Pa J mass deg Warnings: On | Unit Chiz Aute  Complex: Off Syntax Highlight:On C—ﬂ\ EE E’“ pump

>



XnagareHTrep

XnagareHT XvMMANbIK Kputukanbik kacuetrepi KanHay ASHRAE ODP GWP
c¢opmynachl Temnepatypacbl, Code R11=1

Temnepatypa Kbicbim (Ml1a) K.X. (°C)

(°C)
R22 CHCLF, 96,2 4,99 -41,4 Al 0,034 1700
R32 CH,F, 78,2 5,8 -51,7 Al 0 550
R134a CH,F-CF, 101,1 4,06 -26,1 Al 0 1410
R290 C;Hg 96,7 4,25 -42,2 A3 0 20
R404A (R134a+R125+R143a) 72,0 3,78 -46,3 Al 0 3750
R407C (R32+R125+R134a) 87,3 4,63 -43,8 Al 0 1700
R410A (R32 + R125) 72,0 4,93 -51,5 Al 0 1890
R507A (R125 + R143a) 71 3,72 -47 Al 0 3900
R600a C,Hyo 134,7 3,64 -11,7 A3 0 20
R717 NH, 132,3 11,39 -33,6 B2 0 0

R1234yf  C4H,F, 94,0 3,38 -30,0 A2L 0 4



Hatwxenepai tangay COPhoa: = 2.487

F$ = propane
T1=2582 K] T, = 3509 [K]
Tye1=323.2[K]
Hot water
Compressor .
=+ Circulation
Qev ap = 4186 [W'.l :: 5] pump
Tam = 268.2 [K] :E 8. o1 = 3232 [K] y
+ old water
T 3 Quond = 7000 [W] .
Air ambient
evaporator A \/
@ Thermostatic @ Hot water storage tank

T1=253.2 [K] expansion T3 =333.2 [K]
valve

25 +

2 4
N |
015+
&)
1 €
0.5 4
0

R290 R507A R404A R410A R22 R1234yf R600a R134a R407C R717
Xna,qareHT

[+=]
Pressure Ratio




- Hetwxenepai Tangay

COP

3.75 -

3.5 1

3.25 -

2.75

Tdel == +50 C

-+R717
-x-R600a
—R22
-~R134a
-+R290
R32
R1234yf
-+R410A
-+-R407C
-+R404A
—-—R507A

45 3 11 9 74 S5 3 4 1 3 5 7T 9 N

KopluafraH opTa Temnepartypachl, [C]

2.25 +

Tymp = —10 C

—+RT7
~%-R600a
—R22
©-R134a
R32
~~R290
~-R410A
R1234yf
--R407C
-+-R404A
-0-R507A

OHpipineTiH TemnepaTypa, [C]



2.8

r-,‘c

A-"Q'p

! 4 Y i
3 1 1;,4{ 1
! “"‘
L1 h
q ev Wcomp
o3 -

e COP - SH [
mm COP - SC
—&-P _rat-SC T
—~-P_rat-SH

4 5 6 7 8 9 10
Superheating, Subcooling, [K]

12

Pressure Ratio

COP

275 +

2.25 -

Tamp = —10 C

Ty = Tamp + CAT

©

Compressor

Air ambient
evaporator

@

Condenser

= COP

T
-
¥

Pressu‘r:e Ratio

3 4 5

6
CAT (closest approach temperature), [K]

7 8 9 10



HaTtuxenepi

Compressor: 2.8 KW input power, 7 kW heat capacity;
Evaporator: 4.7 KW heat capacity;
Condenser: 7 kW heat capacity.

Mass rate: 0.0336 kg/s; Max. T:115C; Min. T:-20 C;
Max. P: 38 bar; Min. P: 4 bar.

T_amb eta_comp Sh-Sb COP P ratio W_comp Q. evap 0Q_cond
-15 0.8 5 2.311 11.67 3000 4000 7000
-10 2.463 9.623 2800 4200
-5 2.636 8.005 2700 4300
0 2.830 6.71 2500 4500
5 3.067 5.665 2300 4700
10 3.339 4.815 2100 4900

15 3.662 4.118 1900 5100




Aya Xblfy Hacochbl

Qcong = 7 KBT
COP =2.0-3.5
Tamb = ‘10 0C

T4 =150T

RO ® /M 00
), O

Condenser

Circulation Hot wat
( R4 0A> Compressor pump _c.:la er
Cold water
——

Air ambient Refrigerant drier
evaporator ( E) : (‘P
Thermostatic Sight glass u Hot water storage tank
expansion Liquid receiver

valve






Toxipnbdbe HoTUXECI

Mopenb:
@ @ Tamb = 5 C
T4 =40C
Supcooling=5C
: Compresser Superheating=5C
: CAT=5C
5 Ncomp = 0.8
evaporator ‘ & ﬂ ‘ COP — 2’86
100 T
90 +
:: T2 Taxipube:
S T 18.01.19%, carat 17:30-18:30
E 50 | T4 T, =0-2C
T t2
EJ- 40 1 * . t:3 Tdel =38-42 C
4 ot
E 30 | A t:4 —
2 ] COP=2-2,75
20 i
10 |
13 E__“— _5_(;0_ 10=00 15I00 20I00 25=00 30:30 35=00 40i00 : 45I00

YakKbIT, C



2. KackaaTbl Xblny Hacochbl

O

] I

TT T T T It

Caondenser

-30TC

Air ambient
evaporator

Circulation
pump

e
T Tt

Air ambient
evaporator

|
.

Low Temperature circuit

N
=
=

N

Hot water storage tank

Thermostatic
expansion
valve

P e— - = ===
o1 2 |
|
1
Y

Compressor

R

Cascade heat
exchanger

| |
:
NG
|

+

Compressor l

High Temperature

circuit

Circulation L

pump

A

Hot water storage tank

N—

—

Aya Xblfly HacocCbil:

COP =2.0-3.5
KopluaraH opta Temn. -10C
KbInbITy KOHTYpbI +50C

Kackaarbl dya XblJly HACOCbl.

COP =1.7-3.0
KopwiaraHn opta Temn. -30C
KbInbITy KOHTYpbI +60C



2 Kackaarbl Xblfly HAcoChbl  fiw © D @ © ( >_@ o I O
1 1 4 1 1 cicustion Taor = 333.2 [K] | | HoLwater

—+ Compressor 1 Compressor 2 pump .
- gg g8 Tael = 333.2 [K]
Tamp = 243.2 [K] ¥ % g 5 [@cona,2 = 15000 [W]]
evaporator 4 & Y 4 & \ ) v
@ TEV @ TEV2 @ Hot water storage tank
Ty = Toamp — CAT @ P, = Ps © Ts =7 ® Ps = P; ®
P, = P(Ty— Subneqr; X1) h, =7 Ps = P(Ts— Suppeat; Xs) he =7
hy = h(Ty; Py) h, = h(Ty; P;) hs = h(Ts; Ps) he = h(T6; Pe)
s1=5(Ty; P1) s, = s(Ty; Py) s5 = S(Ts; Ps) s¢ = S(Te; Ps)

P,=P @ T3 =Ts + CAT ® Py = P T, = Tye; + CAT @

hy = hj P3 = P( T3+ Subcoop; x3) hg = h; P; = P(T7+ Subcoor; x7)
T4 = T( P4, h4) h3 = h(T3,P3) T8 = T( P8’ hg) hZ = h(TZIPZ)
Sy = S(P4; h4) S3 = S(T3;P3) Sg =S( P8' h8) Sy =S(T2;P2)
Ty = —30 C Sub,ys = 5C Tg =1 Tyoy = +60 C
Suppear =5C x3 =0 x5 =1 x7 =0

X1=1



F1 = R410A
F2 = R134a % @
1 A

Compressor 2

o~

Circulation

pump

TN

Tqer = 333.2 [K] | | HOt Water

| | Tger = 333.2 [K]

Condenser

[Qcond,2 = 15000 [W]|

-

Cold water

— Compressor 1
Tamb = 243.2 [K] gé ;% g_:
Air ambient T
evaporator 4 ¥
7 oo
Qev = 1y (hy — hy) Evaporators:
Weompa = my(hy — hy) Compressors:
Wcomp,l =m (hs,z - hl)/ncomp
hS,Z = h(Pz, Sl)
Qcona,1 = my(hy, — h3) Condensers:

Qcond,l = Qev,z

COP — Qcond

Wcomp,l +Wcomp,2

Qev,z = My (hs - h8)

Wcomp,z

Wcomp,z

hs,s = h(Ps; s5)

Qcona = Myj (h6 - h7)

Pratio,l =

Pratio,z =

N

Hot water storage tank

= 1y (hg — hs)
mll (hs,6 - hs)/ncomp

hz = ?

h6 - ?

T5 = 7

Necomp = 0.8
Qcona = 15 kW

Tamp < Ts<Tge
Max(COP)
Pratio,l <10
Pratio,z <10




HaTwxenepai Tanga
plul nun y F1=R410A /_\
F»=R134a ®4© @ ® ( > ® @
1 1 1 1 Circulation Tael = 333.2 [K] HOt,water
Compressor 1 Compressor 2 pump .
+ 55 Toer = 3332 [K] 2
— F+ £e H
Tamb = 243.2 [K] £ {,: § 'g ‘Qcond,Z = 15000 [W]|
- T Sd S
a1 = P Cold water
[rf—
Air ambient
evaporator 4 & Y 4 & Y v

@ TEV1 ® TEV2 @ Hot water storage tank

1.975 + - 12

1.97 1

1.965 +

1.96 +

1.955 +

COP

195 +

1.945 +

Pressure Ratio

194 +

1.835 +

1.93 +

1.925 A




HaTtwxenepai Tangay

1.9 —+

cop

~
Pressure ratio

A% oV
AR A < < ™
2 @ Y S
Refrigerants

Tomb = 30 C; Tye =60 C; Qgong = 15 kW)

Low temperature

High temperature

R32

R290
R1234yf

R134a
R407C

R410A

R290
R1234yf

R134a
R407C

R404A

R290
R1234yf

R134a
R407C

—4&—P_rat 1

~—&—P_rat 2

R744

R290
R1234yf

R134a
R407C




Evaporator: 9 KW heat capacity; Compressor 1. 3.3 KW input power, 11.6 kW heat capacity;
Heat Exchanger: 11.6 kW heat capacity; Mass rate I: 0.04153 kg/s;  Max. T: 85 C; Min. T: -40 C;
Condenser: 15 kW heat capacity. Max. P: 25 bar;  Min. P: 1.5 bar.

Compressor 2: 4.3 KW input power, 15 kW heat capacity;
Mass rate 11: 0.09571 kg/s; Max. T: 90 C; Min. T: 5 C;
Max. P: 22 bar;  Min. P: 4 bar.

T_amb eta_comp Sh-Sb COP P_ratio_l P_ratio .2 W_comp_l1 W_comp_2 Q_evap Q_med Q_cond

-35 0.8 5 1.895 9.88 6.494 3300 4700 7100 10300 15000
-30 1.97 8.983 5.461 3300 4300 7400 10700
-25 2.049 7.802 4,939 3300 4100 7700 11000
-20 2.134 6.487 4.778 3100 4000 8000 11000
-15 2.227 5.588 4.476 2900 3800 8300 11200
-10 2.33 4,98 4.067 2800 3600 8600 11400
-5 2.442 4.249 3.941 2600 3500 8900 11500
0 2.567 3.84 3.59 2600 3300 9200 11700
5 2.705 3.323 3.482 2300 3200 9500 11800
10 2.86 3.035 3.181 2300 3000 9800 12000

15 3.034 2.728 2.999 2100 2800 10100 12200




KackaaThbl Xblfly Hacochb!

Qcong = 15 KBT
COP =2.0-3.5
T,mp=-30TC

Ty =160TC

PO® (N 00 @0® MN @0 S
ﬁ \J Circulation
—1- R410A Compressor Compressor C R134a ) pump Hot water
o - _
=+ 2 g 3
-+ 2
=T Low Temperature circuit % E High Temperature circuit 3
g
o E % 3 Cold water
. &) ——
Alr ambient Refrigerant drier Refrigerant drier
evaporator M — . (‘P @ ~ " (‘P r
D—>—0O) +—<)—O)
Thermostatic Sight glass Thermostatic Sight glass Hot water storage tank

expansion Liquid receiver expansion Liquid receiver
valve valve




3. ABTOKacKkaaThbl Xblny HACOChI

SN

| |
| |
| |
| |
|
O: .' ( D E @ | KackaaTbl aya Xblny Hacochbl:
i | | Circulation
| |

TN
LT s Lo <:> D COP =1.7-3.0
Cascade heat °
Low Temperature circuit exchanger Condenser KOpLIJaFaH OpTa Temnmn. '30 C
N

High Temperature —L Ybin bITY KOHTYpbI +60°C

N
T

circuit

Air ambient
evaporator

K DK

Hot water storage tank

Thermostatic Thermostatic
expansion expansion
valve valve

)

Expansion - ea» eo» e

valve 3 | EEAN
Ambient source -+ _* + 1 | I o -
evaporator Subcooler +60°C
) r_\ - 1 " 4.—_©—_L
M |

T j | | ABTOKacKaaTbl Xblfly HAaCOChbI:

)
Flash chamber . . “ _< COP p— 20-40
KopwafraH opta temn. -30 C
N

errsen
— —L YKbINbITY KOHTYpbI +60 C
Expansion Hot water ~

X ‘
valve 1 Circulation storage tank
pump

é Condenser

| Compressor

Cascade
evaporator
-

Solar roll-bond
evaporator




3. ABTOKacKaaThbl Xblfly HAacoChl

YIWKbILL eMeC XnajareHT
6acbimM Kocna

YLWIKbILL XNajareHT
6acbiM Kocna

Xsol * Wmp1 T (1- xsol) *Wip1 =

(E) PekynepaTtop
;E @ KeHerTkKiw @ !
0 KnanaH 3
Aya & K
ya ByNaHAbIPFBILWE
] i @ > A ®_ m _® blcThik
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High pressure Medium pressure
Tcona = Taer + CAT X9 =1
X3 = 0 Xg = 0
Phignh = P( Teona+ Subcoor; X3; Wo,l) Teor = T(Pmed; X9; Wmv,l)
Low pr r — e
OW pressure To1 = T(Pmed:x6: le,l)
Tire = Tamp — CAT
X13 = 1
b _ Phign
Prow = P( Tyre— SUupLrE; X13; Wmv,l) ratio
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bactankbl kocna

Wo,l = 0.55
Tomp = —10 C
Tdel - 4‘0 C
Xsol = 0.45
TSOl — 5 C



3eoTponTbl KOCNaHbl aHbIKTay

b Phigh Wo1 = 0.55
ratio Py Tomp =—10C
Tger =40 C
X501 = 0.45
Tsop =5C

R32/R600a R32/R134a R32/R1234yf R32/R1234ze R32/R245fa

Wo,1 Winw,1 Wiv1 Winw,1 Wiv1 Winw,1 Wiv1 Winw,1 Wiv1 Winw,1 Wiv1
0.7 0.79 0.62 0.79 0.63 0.8 0.62 0.79 0.62 09 054
0.65 0.78 0.54 0.75 0.57 0.75 0.56 0.75 0.56 0.87 0.47
0.6 0.77 0.48 0.7 0.51 0.71 051 0.715| 0.51 0.85 0.4
0.55 0.765 0.37 0.66 0.46 0.66 0.46 0.67 0.45 0.82 0.33
0.5 0.76 0.29 0.61 0.41 0.61 0.41 0.64 0.39 0.79 0.26
0.45 0.74 0.21 0.56 0.36 0.55 0.36 0.59 0.34 0.75 0.205
0.4 0.7 0.15 0.51 0.31 0.5 0.32 0.54 0.28 0.7 0.15




- 3. ABTOKacKaTbl XblSly HACOCTbI
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Liquid out from solar collector (5-6) Solar collector outlet (5)
mp, = (1- x5)m0 Xsol * Wmp1 T (1- xsol) *Wip1 = Wo 1
Vapor out from solar collector (5-9) Mixed stream (1)

My = XsMy mohl — mmvh14 + mlvhS



HaTtuxenepi

Tdel =3232[K]
T, = 4055 [K]

P, = 2970 [kPa]

® =/' / /‘:®

Condenser

Compressor

Weomp = 1.832 [kW]|

Solar

|Qsolar = 1.349 [KW]|

P, = 744.5 [kPa]

T, =278.6 [K]

T, = 271.6 [K]
P, =317.8 [kPa]

m, =0.01817 [kgfs]|
Q,=1.028

Qq; =1.004

=202 (13)

SHX 2

.

|mg- 0.0109 [kg/s]|

T =280.1 K]

[T = 266.3 [K]|

[Qanx = 1.729 [kW]|

Q=998
Ty4 = 2751 [K]

Air-Coupled

=

AHX

Collector

Ts = 280.1 [K]

( :) Q5=0.6

Separator

|mEs =0.007268 [kgfs]|

Q)

Evaporator |

/ f / Ti2= 252 9 [K] Ty1 = 276.8 [K]

Que=1819 kW] [P, =317.8 [kPa]
Tomp = 263.2 [K]

@)

F$ =R32+R134a

COPcomp = 2.73

T, = 2558 [K]
Ty = 2771 [K]
P, =317.8 [kPa]
Q; =0.1236
= Qverall mixture Xm.1 = 0.55
— More volatile mixture Xmy,1 = 0.63
— Less volatile mixture Xy = 0.43
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COP

Tdel = 4‘0 C

39 :_
3.7 + —4—R32/R134a
3.5 1 R32/R1234yf

; R32/R1234ze
3.3 T ——R32/R600a
31 +
29 +
2.7 +
2.5 — —tt

18 -16 14 -12 -10 -8 -6 -4 -2 0

KopuwaraH opta Temneparypachl [C]



KopbITbIHAbI

1.  Aya KbLTy HACOCBI
v' MareMarHKaibIK MOIETb KYPy (SHEPTUSIIBIK, SKCEPIHsIIbIK OaiaHc);
v Caugpix/Toxipubertik 3eprreyiep (9Kceprus);
v' Horwxenepai tanpay (oxceprusuisik [TOK, COP).
2. Kackaarsel aya jKbLTY HACOCHI
v' MareMmarHuKaibiK MOIEb KYpPY;
v' Canpgpik/ToxipuOenik 3epTreyiep;
v' Horwxkenepai Tajay.
3. ABTOKAaCKaAThI KYH KbLIY HACOCHI
v' MareMmarHKaibiK MOIEIb KYpPY;
v' CaHgbIK 3epTTeyiep;
»  Hotwxenepai Tanuay.
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ASHP — 7 KW (-10 C)
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CASHP — 15 kW (-30 C)

Pacxogbl, TbiC.TeHre

77,82
63,36
40,21
35,67
31,68
26,43
16,42 18,10
11,97
I 7,39
> > > \4 > X0 O < < <
N Ny o2 ) ® & Q @ & @
RN R g & > %) & R &
Q‘ 0’3’ &Q o& eO
* ? & S



