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High-glide mixtures!

We started out with lots of doubts...

@9 improvem@
Composition shift
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determination Thermophysical
properties of
Charging of mixures

mixtures
Solubility of

mixture in oil
Degraded heat Corr_u_oressrc:_r h
transfer coefficient durability at hig
temperatures
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e | —8— G1 (binary): R1233zd(E)/R1234yf (A, B, C, D, H)
ETHzurich OOST -=-- G1 (binary): R1336mzz(Z)/R1234yf (E, F, G, AA, AB, AC, ], H)

Fachhochschule

COP improvements

A~ G2 (binary): R1224yd(Z)/R32 (K, K2, P, Q, L, M, N)

2 kW AT = 35K 10 kW
- 16% COP improvement using 3.
mixture over pure fluids " { Compressor efficiency Condensation closer
. decreases 1 to critical point
- Optimum occurs for different fluids 3.0
at same volumetric heating _
capacity __2.8-
- Shape of dome and compressor o .
efficiency dictate COP trade-offs 8 ]
2.4 -
- 4500g R-1224yd(Z)
_ 922g R-32
Operating conditions: 2.2
Tso,in = 60 °C, Tsj oue = 100 °C i Too,in = 60 °C, Tej our = 100 °C
ATso =35 K,ATg; = 35K 2.0
f _ 50 Hz 1000 1500 2000 2500 3000 3500
comp VHC [kJ/m3]




Composition determination

R1224yd(Z)/R32

1200

1000 1

800

600 1

Density [kg/m?3]

4007 1-65.8°C
| P=2

482.9 kPa

200 083 085

0.0 02 04 06 08 1.0
Mass fraction of R1224yd(Z) [-]

ETHzirich OQost



Composition determination

R1224yd(Z)/R32
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Composition determination

Evaporator Speed Energy Resting
inlet temperature Dewpoint Density of sound balance pressure
331000 % 41000 % 3311000 % ) 25| 76.0 % 1]100.0 %
R1233zd(E)/R1234yf |x='0.86 %L£0.86 X=0.82 No d ¥Z0.81 2084
(0.85/0.15)-(B] =007 Fx="0.03 0 data X =—0.04
3] 100%0 % [ ] 26 \0190‘0 % 0 13 |O5g?o % 0
(0.70/0.30)-[C] XL 0. x=0. =0
=003 ¢ =0 No data =0T No data
4100.0 % @ 16 | 100.0 % 0 6138.0% 1]100.0 %
(0.55/0.45}-[D] x=0.6 @ ¥=0.55 No data x=051 x=0.98
Ax =040 0.02 [fx=0.03
17 1100.0 % 311000 % ® 17 [ 100.0 % 16| 94,0 % 111650 % 11100.0 %
R1336mzz(Z)/R1234yf |%=0.61 X< 0.93 =09 %=0.88 ¥='0.89 ®0.93
(0.90/0.10)-[F] A 0.0) A 007 i) 0.0]]
a
1311000 % 311000 % 13 [ 100.0 % 131 100.0 % 118.0% 0
0.75/0.251-G]  |X= X=0.77 =076 X='077 %=0.75 No dat
Ex=003 [=0.02 Ex=0.07 =002 =0 o data
( s 211000% 1/100.0% 211000% 211000% 0]0.0% 111000%
0.65/0.35)-[AA x=U x=0. x=0. ¥=0. Xx=0.
Ax=0.0 = 0.07 No convergence = 0.05 ¢
211000 % ® 0 211000% 211000 % ® 0]0.0% 0
(0B0/0A0MABT 2 D0 o No data @ @ No convergence No data
211000% |® 1]100.0 % 211000 % 211000% |@ 0]0.0% 11100,0 %
(0.55/0.45) [AC]  |X=0.6 X=0.57 X=0.55 %2059 No convergence X061 °
® Ex=047 [6x=0.04
18 | 100.0 % ® 31100.0 % 181100.0 % 18 100.0 % 0]0.0% 1]100.0 %
{0.20/0.80)-[)] x¥=0.26 ® Xx=0.26 X=0.23 X=0.24 N X¥=023
E=0rd . E=1m =009 O convergence
21100.0 % 0 21100.0 % 211000 % q 21 100.0 % 0
R1224yd(Z})/R32 x=0.99 No dat x=0.99 x=1.0 x=0.98 No dat
0.99/0.01-P] | R o data =00 Ex=00] ) =001 o data
21100.0 % 0 2| 100.0 % 2100.0 % 21100.0% 1]100.0 %
10.97/0.032)-[Q] x=0.97 No dat x=097 x=0199 x=0.96 x=0.98
© data Fx="100 Ex=0.03 Ex=00
51100.0 % 3| 100.0 % 5| 100.0 % 5| 100.0 % 2140,0% 1]100.0 %
{0.95/0.05)-[L] X*=0.95 x=0.96 x=0.95 x*=0.97 X¥=10.95 X=0.96
[Ex=0.9 fix=00 5x=0.0 Ex=0.07
41100.0% 21000% 4]100.0% 4]1000% H 0]0.0% a
{0.50/0.10)-[M] @x* : @X* ' @X* : @X* ' ® No convergence No data
1111000 % 211000 % °® 11 [100.0 % 1111000 % 119.0% 11100.0 %
{0.83/0.17)-[N] X=0.84 %= 0.87 X=0.84 ¥='0.89 x=0.73 ° X=0.86
[Ex=0.09 [Bx=-0] Ax=0.0
— — —— ——— > ——
0 0.5 1 0 0.5 1 0 0.5 1 0 05 1 0 0.5 1 0O 0.5
x from AT in [-] X from ATgey [-] x from Ap [-] X from Atses [-] x from AQ. [-] x from APest [-]
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Evaporation of a mixture
with a less volatile@and

more volatile @ component

Heat transfer degradation
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Heat transfer degradation

Fit for data with AT, /ATspeout > 1
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Separation of data
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For remaining data, an approach temperature difference of 1 K is assigned.
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Conclusions

1. COP improvements of 16% using high-glide mixtures

2. Composition determination successful with several different
methods

3. Heat transfer correlation capturing effect of glide

4. Compressor examination after 1000 hours of operation with little
wear and tear
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Thank You!
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