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1LQLHMV]\P� RSUDFRZDQLHP� Z\GDZQLFWZR� 0$67$� RWZLHUD� QRZ�� VHUL
� Z\GDZQLF]���

REHMPXM�F�� RSURJUDPRZDQLH� X*\WNRZH� XNLHUXQNRZDQH� QD� ]DJDGQLHQLD� ]ZL�]DQH� ]� V]HURNR�

SRM
W�� WHFKQLN�� FLHSOQ��� -HVW� WR� NROHMQD� VHULD� Z\GDZQLF]D� Wworzona w ramach biblioteki 
F]DVRSLVPD�Ä7HFKQLND�&KáRGQLF]D�L�.OLPDW\]DF\MQD´� 
 Zamierzenie stworzenia nowej serii wydawniczej wynika ze znacznego 
]DSRWU]HERZDQLD� QD� SRGU
F]QH� RSURJUDPRZDQLH� X*\WNRZH� GRW\F]�FH� EUDQ*\� FKáRGQLF]HM��

klimatyzacyjnej oraz energetycznej. Takiej bowiem oferty praktycznie brak jest na rynku 
polskim. 

2SURJUDPRZDQLH�X*\WNRZH�SXEOLNRZDQH�Z�UDPDFK�QRZHJR�F\NOX��SU]H]QDF]RQH�MHVW�

GOD�V]HURNLHJR�NU
JX�RGELRUFyZ�]DZRGRZR�]ZL�]DQ\FK�]�WHFKQLN��FKáRGQLF]���NOLPDW\]DF\MQ��

OXE�HQHUJHW\N��FLHSOQ���E�G(�LQWHUHVXM�F\FK�VL
�W\PL�G]LHG]LQDPL�WHFKQLNL� 
2PDZLDQ�� VHUL
� RWZLHUD� RSURJUDPRZDQLH� SR�ZL
FRQH� ZáDVQR�FLRP� FLHSOQ\P� RUD]�

X*\WNRZ\P� DPRQLDNX� Z� DVSHNFLH� MHJR� ]DVWRVRZDQLD� MDNR� F]\QQLND� FKáRGQLF]HJR�� :\EyU�

WHPDWX� RWZLHUDM�FHJR� W
� VHUL
� MHVW� X]DVDGQLRQ\� W\P� EDUG]LHM�� *H� DPRQLDN� WUDNWRZDQ\� MHVW�

REHFQLH� MDNR� QDMEDUG]LHM� SHUVSHNW\ZLF]Q\� Sá\Q� URERF]\� Z� WHFKQLFH� FKáRGQLF]HM�� 3RQL*HM�

SU]HGVWDZLRQR� RJyOQ�� FKDUDNWHU\VW\N
� DPRQLDNX� MDNR� F]\QQLND� FKáRGQLF]HJR�� D� Z� GDOV]HM�

F]
�FL�RSUDFRZDQLD�]DPLHV]F]RQR�RSLV�RSURJUDPRZDQLD�]DZDUWHJR�QD�NU�*NX�&'� 
 
���32'67$:2:(�:à$612�&,�$021,$.8�-$.2�&=<11,.$�&+à2'1,&=(*2 
 
 /LWHUDWXUD� SR�ZL
FRQD� ZáDVQR�FLRP� WHUPRG\QDPLF]Q\P� RUD]� X*\WNRZ\P� DPRQLDNX�

MDNR� F]\QQLND� FKáRGQLF]HJR� MHVW� GR�ü� ERJDWD��=HVWDZ� OLWHUDWXU\� GRW\F]�FHM� WHJR� ]Dgadnienia 
]DPLHV]F]RQR� QD� NR�FX� QLQLHMV]HJR� RSUDFRZDQLD�� 3RQL*HM� SU]HGVWDZLRQR� Z� ]DU\VLH�

QDMLVWRWQLHMV]H� LQIRUPDFMH� GRW\F]�FH�ZáDVQR�FL� RPDZLDQHJR� F]\QQLND��:\ND]�ZD*QLHMV]\FK�

R]QDF]H��X*\ZDQ\FK�Z�QLQLHMV]HM�SXEOLNDFML�]DPLHV]F]RQR�Z�=Dá�F]QLNX� 
 
1. PodstaZRZH�ZáDVQR�FL�WHUPRG\QDPLF]QH�RUD]�WHUPRNLQHW\F]QH 
 

3RGVWDZRZH�ZáDVQR�FL� IL]\F]QH� FKDUDNWHU\]XM�FH� DPRQLDN� ]HVWDZLRQR�Z�7DEHOL� �����

QDWRPLDVW� MHJR�ZáDVQR�FL� WHUPRG\QDPLF]QH�Z� VWDQLH� QDV\FHQLD� ]DZLHUD� 7DEHOD� �����=� NROHL�

ZáDVQR�FL�WHUPRNLQHW\F]QH�RPDZLDQHJo czynnika w stanie cieczy nasyconej podano w Tabeli 
�����]D��Z�VWDQLH�SDU\�VXFKHM�QDV\FRQHM�Z�7DEHOL������:\NUHV�ZáDVQR�FL�WHUPRG\QDPLF]Q\FK�

DPRQLDNX�Z�XNáDG]LH�ZVSyáU]
GQ\FK�FL�QLHQLH-HQWDOSLD�ZáD�FLZD�SU]HGVWDZLRQR�QD�5\V������ 
 

Tabela 1.13RGVWDZRZH ZáDVQR�FL FKDUDNWHU\]XM�FH DPRQLDN �5 ����� 
 

:LHONR�ü :DUWR�ü Jednostka 
0DVD�F]�VWHF]NRZD 17.031 kg/kmol 
Temperatura krytyczna 132.4 ºC 
&L�QLHQLH�NU\W\F]QH 112.9 bar 
*
VWR�ü�NU\W\F]QD 235.0 kg/m3 
Temperatura punktu potrójnego - 77.7 ºC 
Normalna temperatura wrzenia 
�WM��SU]\�FL�QLHQLX��������N3D� 

- 33.35 ºC 

3RWHQFMDá�QLV]F]HQLD�ZDrstwy ozonowej ODP            0.00 ---- 
3RWHQFMDá�WZRU]HQLD�HIHktu cieplarnianego GWP       0.00 ---- 
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Rys.1.1.:\NUHV ZáDVQR�FL WHUPRG\QDPLF]Q\FK DPRQLDNX Z XNáDG]LH ZVSyáU]
GQ\FK FL�QLHQLH-entalpia, wg [4].
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Tabela 1.2. :áDVQR�FL WHUPRG\QDPLF]QH FLHF]\ L SDU\ QDV\Fonej amoniaku, wg [17]. 
t p v’ v’’ h’ h’’ s’ s’’ 

0C bar dm3/kg dm3/kg kJ/kg kJ/kg kJ/(kg· K) kJ/(kg· K) 

-70 0.109 1.378 9016.5 -110.8 1352.7 -0.307 6.897 

-65 0.156 1.389 6463.5 -90.33 1362.2 -0.207 6.770 

-60 0.218 1.400 4716.1 -69.62 1371.5 -0.109 6.652 

-55 0.300 1.412 3497.7 -48.65 1380.6 -0.012 6.539 

-50 0.407 1.424 2633.5 -27.40 1389.6 0.084 6.433 

-45 0.544 1.436 2010.7 -5.86 1397.9 0.179 6.332 

-40 0.715 1.448 1555.2 15.96 1406.1 0.274 6.236 

-35 0.930 1.461 1217.3 38.09 1413.9 0.368 6.145 

-30 1.193 1.475 963.5 60.50 1421.4 0.461 6.058 

-25 1.151 1.489 770.6 83.18 1428.6 0.553 5.974 

-20 1.901 1.503 622.1 106.1 1435.3 0.644 5.894 

-15 2.363 1.518 506.8 129.3 1441.5 0.735 5.818 

-10 2.910 1.533 416.3 152.7 1447.4 0.824 5.744 

-5 3.553 1.549 344.6 176.3 1452.7 0.912 5.672 

0 4.301 1.565 287.3 200.0 1457.6 1.000 5.603 

5 5.167 1.583 241.1 223.8 1461.9 1.086 5.536 

10 6.163 1.600 203.6 247.7 1465.6 1.170 5.471 

15 7.300 1.619 173.0 271.5 1468.9 1.253 5.408 

20 8.592 1.639 147.7 295.4 1471.5 1.334 5.346 

25 10.050 1.659 126.7 319.2 1473.5 1.414 5.286 

30 11.690 1.680 109.3 343.0 1475.0 1.492 5.226 

35 13.524 1.703 94.65 366.7 1475.8 1.569 5.186 

40 15.567 1.726 82.27 390.2 1476.0 1.644 5.111 

45 17.833 1.751 71.77 413.6 1475.5 1.716 5.054 

50 20.338 1.777 62.82 437.0 1474.3 1.788 4.998 

55 23.097 1.805 55.14 460.2 1472.5 1.858 4.942 

60 26.127 1.835 48.52 483.4 1469.9 1.926 4.887 

65 29.444 1.867 42.80 506.6 1466.5 1.993 4.832 

70 33.068 1.901 37.82 529.9 1462.4 2.060 4.777 

75 37.016 1.938 33.47 553.3 1457.3 2.125 4.722 

80 41.308 1.979 29.65 577.1 1451.3 2.191 4.666 

85 45.968 2.023 26.28 601.4 1444.1 2.256 4.609 

90 51.017 2.072 23.29 626.3 1435.8 2.323 4.552 

95 56.480 2.127 20.62 652.4 1425.9 2.391 4.492 

100 62.386 2.188 18.22 679.9 1414.2 2.462 4.430 

105 68.764 2.260 16.04 709.5 1400.3 2.537 4.363 

110 75.646 2.340 14.05 741.9 1383.3 2.618 4.292 

115 83.069 2.448 12.20 778.6 1362.1 2.708 4.211 

120 91.073 2.583 10.42 821.6 1334.2 2.813 4.117 

125 99.702 2.777 8.63 875.9 1293.6 2.945 3.994 

130 109.007 3.147 6.31 960.6 1207.6 3.147 3.762 

132 112.980 4.25 4.25 1078.4 1078.4 3.437 3.435 
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Tabela 1.3. :áDVQR�FL FLHSOQR - fizyczne cieczy nasyconej amoniaku, wg [16]. 

t cp λ µ ν a Pr σ 
   0C kJ/(kg· K) W/(m· K) µPa· s µm2/s µm2/s -- mN/m 

-50 4.382 0.653 318.3 0.453 0.212 2.134 48.03 

-48 4.391 0.648 310.5 0.443 0.211 2.103 47.37 

-44 4.409 0.638 235.9 0.425 0.208 2.043 46.05 

-40 4.427 0.628 282.3 0.409 0.205 1.988 44.75 

-36 4.445 0.618 269.7 0.393 0.203 1.937 43.46 

-32 4.463 0.609 258.0 0.379 0.200 1.890 42.18 

-28 4.481 0.599 247.0 0.365 0.198 1.846 40.90 

-24 4.499 0.590 236.7 0.353 0.195 1.804 39.64 

-20 4.517 0.580 227.1 0.341 0.193 1.766 38.38 

-16 4.536 0.571 218.0 0.330 0.191 1.729 37.13 

-12 4.555 0.562 209.4 0.319 0.188 1.695 35.89 

-8 4.574 0.553 201.2 0.309 0.186 1.662 34.66 

-4 4.595 0.544 193.5 0.300 0.184 1.631 33.43 

0 4.616 0.536 186.1 0.291 0.181 1.602 32.21 

4 4.638 0.572 179.0 0.282 0.179 1.575 31.00 

8 4.661 0.518 172.3 0.274 0.177 1.549 29.80 

12 4.686 0.509 165.8 0.266 0.175 1.524 28.61 

16 4.712 0.501 159.6 0.259 0.172 1.501 27.42 

20 4.740 0.492 153.7 0.251 0.170 1.479 26.24 

24 4.770 0.483 147.9 0.244 0.167 1.459 25.07 

28 4.803 0.475 142.4 0.238 0.165 1.439 23.90 

32 4.838 0.466 137.0 0.231 0.162 1.421 22.75 

36 4.876 0.457 131.8 0.225 0.160 1.405 21.60 

40 4.919 0.448 126.8 0.218 0.157 1.390 20.47 

44 4.965 0.439 121.9 0.212 0.154 1.376 19.34 

48 5.017 0.431 117.1 0.207 0.151 1.364 18.22 

52 5.074 0.422 112.5 0.201 0.148 1.353 17.12 

56 5.138 0.413 108.0 0.195 0.145 1.344 16.02 

60 5.211 0.403 103.7 0.190 0.142 1.337 14.95 

64 5.293 0.394 99.4 0.185 0.138 1.333 13.88 

68 5.386 0.385 95.2 0.179 0.135 1.331 12.83 

72 5.492 0.375 91.1 0.174 0.131 1.332 11.80 

76 5.615 0.366 87.1 0.169 0.127 1.336 10.78 

80 5.758 0.356 83.2 0.164 0.122 1.344 9.79 

84 5.925 0.346 79.4 0.159 0.117 1.357 8.81 

88 6.123 0.336 75.6 0.155 0.112 1.375 7.86 

92 6.359 0.326 71.8 0.150 0.107 1.401 6.93 

96 6.647 0.315 68.1 0.145 0.101 1.436 6.04 

100 7.002 0.304 64.4 0.141 0.095 1.483 5.17 

104 7.449 0.292 60.7 0.136 0.088 1.586 4.33 

108 8.029 0.280 57.0 0.131 0.080 1.633 3.54 

112 8.807 0.267 53.0 0.127 0.072 1.574 2.78 
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Tabela 1.4. WáDVQR�FL FLHSOQR - fizyczne pary nasyconej amoniaku, wg [16]. 

t cp cv κ κs wa λ µ ν a Pr 
0C kJ/(kg· K) kJ/(kg· K) -- -- m/s W/(m· K) µPas µm2/s µm2/s --- 

-50 2.098 1.568 1.338 1.318 376.2 16.48 8.53 22.47 20.68 1.087 

-48 2.104 1.570 1.340 1.319 377.7 16.72 8.58 20.26 18.76 1.080 

-44 2.118 1.575 1.345 1.319 380.5 17.22 8.69 15.04 14.13 1.064 

-40 2.135 1.582 1.350 1.320 383.3 17.72 8.79 13.67 12.90 1.059 

-36 2.156 1.591 1.355 1.320 385.9 18.22 8.95 10.39 9.891 1.053 

-32 2.179 1.602 1.361 1.320 388.4 18.72 9.00 9.515 9.075 1.048 

-28 2.206 1.614 1.367 1.320 390.8 19.22 9.11 8.021 7.666 1.046 

-24 2.237 1.629 1.374 1.320 393.0 19.73 9.22 6.805 6.506 1.046 

-20 2.271 1.644 1.381 1.320 395.1 20.24 9.33 5.808 5.544 1.047 

-16 2.309 1.662 1.389 1.320 397.1 20.76 9.45 4.986 4.744 1.051 

-12 2.351 1.682 1.398 1.319 399.0 21.29 9.56 4.303 4.074 1.056 

-8 2.398 1.703 1.408 1.319 400.7 21.83 9.68 3.732 3.511 1.063 

-4 2.448 1.726 1.418 1.319 402.3 22.38 9.79 3.253 3.036 1.072 

0 2.504 1.751 1.430 1.319 403.7 22.94 9.91 2.848 2.633 1.082 

4 2.564 1.778 1.442 1.318 405.0 23.52 10.03 2.505 2.289 1.094 

8 2.630 1.806 1.456 1.318 406.2 24.12 10.16 2.211 1.997 1.107 

12 2.701 1.837 1.471 1.318 407.3 24.74 10.28 1.960 1.746 1.123 

16 2.779 1.869 1.487 1.317 408.1 25.37 10.41 1.744 1.530 1.140 

20 2.862 1.903 1.504 1.317 408.9 26.04 10.54 1.557 1.343 1.158 

24 2.952 1.940 1.522 1.317 409.5 26.72 10.67 1.394 1.182 1.179 

28 3.050 1.978 1.542 1.316 409.9 27.44 10.80 1.253 1.043 1.201 

32 3.155 2.018 1.564 1.315 410.2 28.18 10.94 1.129 0.921 1.225 

36 3.269 2.059 1.587 1.314 410.3 28.96 11.08 1.020 0.815 1.251 

40 3.391 2.103 1.612 1.314 410.2 29.77 11.23 0.924 0.722 1.279 

44 3.523 2.149 1.640 1.312 409.9 30.62 11.38 0.839 0.641 1.309 

48 3.666 2.197 1.669 1.311 409.5 31.52 11.53 0.764 0.569 1.341 

52 3.821 2.272 1.701 1.309 408.8 32.46 11.69 0.697 0.506 1.376 

56 3.989 2.298 1.736 1.308 407.9 33.45 11.85 0.637 0.450 1.413 

60 4.171 2.352 1.773 1.305 406.8 34.50 12.02 0.583 0.401 1.453 

64 4.369 2.408 1.815 1.303 405.5 35.60 12.19 0.535 0.357 1.496 

68 4.587 2.465 1.860 1.300 403.8 36.77 12.37 0.492 0.318 1.543 

72 4.826 2.525 1.911 1.296 401.9 38.02 12.56 0.452 0.283 1.594 

76 5.090 2.587 1.967 1.292 399.7 39.35 12.76 0.417 0.252 1.650 

80 5.384 2.651 2.031 1.287 397.1 40.77 12.96 0.384 0.224 1.712 

84 5.715 2.718 2.103 1.282 394.1 42.30 13.18 0.355 0.199 1.781 

88 6.091 2.787 2.186 1.275 390.7 43.94 13.41 0.328 0.176 1.858 

92 6.525 2.858 2.283 1.268 386.7 45.73 13.65 0.303 0.155 1.948 

96 7.034 2.932 2.399 1.260 382.3 47.68 13.91 0.280 0.136 2.052 

100 7.645 3.009 2.541 1.251 377.2 49.82 14.19 0.258 0.118 2.177 

104 8.399 3.089 2.719 1.242 371.4 52.21 14.49 0.239 0.102 2.331 

108 9.365 3.173 2.951 1.231 364.7 54.90 14.83 0.220 0.087 2.529 

112 10.67 3.262 3.272 1.220 356.9 58.00 15.24 0.203 0.072 2.803 
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����5R]SXV]F]DOQR�ü�Z�ZRG]LH 
 

:RGD�UR]SXV]F]D�VL
�Z�FLHNá\P�DPRQLDNX�EH]�RJUDQLF]H��ZH�ZV]\VWNLFK�ZDUXQNDFK�
Z\VW
SuM�F\FK� Z� XU]�G]HQLDFK� FKáRGQLF]\FK�� )DNW� WHQ� Z\NRU]\VW\ZDQ\� MHVW� Z� WHFKQLFH�
FKáRGQLF]HM� SRSU]H]� EXGRZ
� DPRQLDNDOQR-woGQ\FK� XU]�G]H�� DEVRUSF\MQ\FK�� Z� NWyU\FK�
VW
*HQLH� DPRQLDNX� Z� ZRG]LH� ]PLHQLD� VL
� Z� V]HURNLFK� JUDQLFDFK�� =� XZDJL� QD� WDN� GREU��
Z]DMHPQ�� UR]SXV]F]DOQR�ü�ZRG\�L�DPRQLDNX��Z�LQVWDODFMDFK�DPRQLDNDOQ\FK�QLH�PRQWXMH�VL
�
odwadniaczy. 

=� REHFQR�FL�� ]QDF]Q\FK� LOR�FL� ZLOJRFL� Z� LQVWDODFML� QDOH*\� MHGQDN� ZL�]Dü�
QLHEH]SLHF]H�VWZR� ]DM�FLD� Z\VW�SLHQLD� ]MDZLVND� HPXOJRZDQLD� VL
� ROHMX� PLQHUDOQHJR� Z�

VSU
*DUFH��3RQDGWR�LVWQLHMH�ZyZF]DV�VNáRQQR�ü�GR�Z\VW�SLHQLD�Z]PR*RQHM�NRUR]ML�ZHZQ�WU]�
LQVWDODFML�� 1D� SR]RVWDáH� ]DJUR*HQLD� ]ZL�]DQH� ]� QDGPLHUQ�� REHFQR�FL�� ZRG\� Z� LQVWDODFML�
wskazano w punkcie 1.5 opracowania. 
 
�����0LHV]DOQR�ü�]�ROHMDPL 
 

-HGQ�� QDMLVWRWQLHMV]\FK� FHFK� HNVSORDWDF\MQ\FK� F]\QQLND� FKáRGQLF]HJR� MHVW� MHJR�
Z]DMHPQD�UR]SXV]F]DOQR�ü�]H�VWRVRZDQ\P�Z�GDQHM�LQVWDODFML�ROHMHP�� 

AmoniaN� UR]SXV]F]D� VL
� Z� ROHMDFK� PLQHUDOQ\FK� Z� EDUG]R� PDá\FK� LOR�FLDFK��
3U]\NáDGRZR�� Z� ZDUXQNDFK� FL�QLeQLD� Z\QRV]�FHJR� �� EDU� RUD]� Z� WHPSHUDWXU]H� �� ���

0C, w 
ROHMX�PLQHUDOQ\P� UR]SX�FL� VL
� ]DOHGZLH� RNRáR� ������DPRQLDNX�PDVRZR� >�@�� 3RQDGWR�ROHMH�

PLQHUDOQH�V��FL
*V]H�RG�FLHNáHJR�DPRQLDNX��V]F]HJyOQLH�Z�]DNUHVLH�QLVNLFK�FL�QLH���2]QDF]D�
WR�� *H� ROHM� E
G]LH� ]DZV]H� SRVLDGDá� WHQGHQFM
� GR� ]DOHJDQLD� QD� GQLH� DSDUDWXU\�ZFKRG]�FHM�Z�
VNáDG�LQVWDODFML�DPRQLDNDOQHM�� 

'R�VPDURZDQLD�VSU
*DUHN�DPRQLDNDOQ\FK�QLH�PR*QD�VWRVRZDü�ROHMyZ�pozyskiwanych 
na bazie paraILQRZHM��2OHMH� WDNLH�Z�ZDUXQNDFK�Z\VRNLFK� WHPSHUDWXU� WZRU]��ERZLHP�NOHLVWH�

]ZL�]NL��NWyUH�PRJ��QD�SU]\NáDG�SRZRGRZDü�XQLHUuFKRPLHQLH�]DZRUyZ�WáRF]Q\FK� 
:� FHOX� RJUDQLF]HQLD� GR� PLQLPXP� LOR�FL� ROHMX� ZSURZDG]DQHJR� GR� RELHJX�� Z�

XU]�G]HQLDFK� DPRQLDNDOQ\FK� QDOH*\� LQVWDORZDü� Z\VRNRVSUDZQH� RGROHMDF]H�� :\PDJDQ\�

REHFQLH�JyUQ\�SR]LRP�]DZDUWR�FL�ROHMX�Z�SDUDFK�F]\QQLND�]D� W\PL�DSDUDWDPL�RNUH�OD�VL
�QD�
RNRáR����PJ�NJ�� 

:�RVWDWQLP� RNUHVLH� ZSURZDG]DQH� V�� GR� X*\FLD� ]� DPRQLDNLHP� ROHMH� SyáV\QWHW\F]Qe, 
gwarantuM�FH� Z]DMHPQ�� UR]SXV]F]DOQR�ü� REX� Sá\QyZ�� 6�� WR� ROHMH� W\SX� SROLDONLORJOLNROL�
�3$2���6]F]HJyá\�QD�WHQ�WHPDW�]DLQWHUHVRZDQ\�&]\WHOQLN�]QDMG]LH�Z�NVL�*FH�>��@� 
  
�����:áDVQR�FL�FKHPLF]QH 
 

$PRQLDN� QLH� UHDJXMH� ]� *HOD]HP� L� MHJR� VWRSDPL�� GODWHJR� VWDO� Mest podstawowym 
PDWHULDáHP� NRQVWUXkF\MQ\P� Z� XU]�G]HQLDFK� SUDFXM�F\FK� ]� W\P� F]\QQLNLHP�� $PRQLDN� Z�

VWDQLH�ZLOJRWQ\P�DWDNXMH�F\QN��PLHG(�L�MHM�VWRS\��=�XZDJL�QD�SRZ\*V]H��PDWHULDáyZ�W\FK�QLH�

VWRVXMH� VL
� GR� EXGRZ\� VSU
*DUHN� RUD]� DSDUDWyZ� SU]H]QDF]RQ\FK� GR� SUDFy z amoniakiem. 
:\M�WNLHP� MHVW� EU�]� IRVIRURZ\�� D� WDN*H� QLHNWyUH� VWRS\� PLHG]L� L� QLNOX�� $PRQLDN� QLH� MHVW�

QDWRPLDVW� DJUHV\ZQ\� Z� VWRVXQNX� GR� ZL
NV]R�FL� WZRU]\Z� V]WXF]Q\FK� VWRVRZDQ\FK� Z�
XU]�G]HQLDFK�FKáRGQLF]\FK� 
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�����:áDVQR�FL�HNVSORDWDF\MQH 
 

Do podstawow\FK�ZLHONR�FL�FKDUDNWHU\]XM�F\FK�DPRQLDN�]�SXQNWX�ZLG]HQLD�WHFKQLNL�

FKáRGQLF]HM�QDOH*��� 
-��VWRVXQHN�FL�QLHQLD�VNUaSODQLD�L�SDURZDQLD��VSU
*�� 
-��WHPSHUDWXUD�WáRF]HQLD� 
-��MHGQRVWNRZD�Z\GDMQR�ü�FKáRGQLF]D�REM
WR�FLRZD� 
-��ZVSyáF]\QQLN�Z\GDMQR�FL�FKáRGQLF]HM��RNUH�ODQ\�F]
VWR�VNUyWHP�DQJLHOVNLP��&23�� 
-��VWUXPLH��PDV\�F]\QQLND�FKáRGQLF]HJR�GOD�]DGDQHM�Z\GDMQR�FL�FKáRGQLF]HM�� 
 

Tabela 1.5. 3RUyZQDQLH ZLHONR�FL FKDUDNWHU\VW\F]Q\FK RELHJX MHGQRVWRSQLRZHJR SUDFXM�FHJR ]

amoniakiem i z czynnikiem R 22 przy temperaturze skraplania +40°C, wg [4]. 
 

 t0[
0C] - 40 - 30 - 20 - 10 0 

R 717 21,53 12,92 8,16 5,54 3.3 pk/p0 
R 22 14,45 9,51 6,29 4,34 3,08 
R 717 `198 168 145 123 100 tt [

0C] 
R 22 95 87 78 72 65 
R 717 655 1073 1683 2422 3793 qv 

[kJ/m3] R 22 702 1090 1647 2360 3448 

R 717 2,10 2,62 3,26 4,24 5,91 ε0 
R 22 2,05 7,77 3,26 4.01 5,71 

 
:� 7DEHOL� ���� GRNRQDQR� SRUyZQDQLD� SRGVWDZRZ\FK� ZLHONR�FL� FKDUDNWHU\]XM�F\FK�

WHRUHW\F]Q\�RELHJ�MHGQRVWRSQLRZHJR�XU]�G]HQLD�FKáRGQLF]HJR�GOD�DPRQLDNX�L�F]\QQLND�5�����

=� � ]DPLHV]F]RQ\FK� GDQ\FK� Z\QLND�� *H� Z� SRUyZQDQLX� ]� 5��� DPRQLDN� FKDUDNWHU\]XMH� VL
��
Z\*V]\PL� ZDUWR�FLDPL� VSU
*X� Z� FDá\P� ]DNUHVLH� WHPSHUDWXU� SDURZDQLD�� =� NROHL� UHODW\ZQLH�

GX*H� ZDUWR�FL� MHGQRVWNRZHM� Z\GDMQR�FL� FKáRGQLF]HM� REM
WR�FLRZHM� DPRQLDNX� GHF\GXM�� R�
Z\VRNLHM� HIHNW\ZQR�FL� HNRQRPLF]QHM� VSU
*DUNRZ\FK� XU]�G]H�� DPRQLDNDOQ\FK��1LHZ�WSOLZ��
ZDG��DPRQLDNX�MHVW� MHGQDN�MHJR�EDUG]R�Z\VRND�WHPSHUDWXUD�WáRF]HQLD��3RZRGXMH�RQD�V]HUHJ�

konsekwencji, takich jak: 
-��NRQLHF]QR�ü�LQWHQV\ZQHJR�FKáRG]HQLD�JáRZLF�VSU
*DUHN�FKáRGQLF]\FK� 
- ]PQLHMV]HQLH�VWRSQLD�GRVWDUF]DQLD�VSU
*DUHN�WáRNRZ\FK� 
- VNUyFHQLH� *\ZRWQR�FL� SRV]F]HJyOQ\FK� F]
�FL� XNáDGX� NRUERZR-WáRNRZHJR� VSU
*DUNL� RUD]�

Sá\WHN�]DZorowych. 
=DVDGQLF]\P� PLHUQLNLHP� HQHUJHW\F]QHM� HIHNW\ZQR�FL� F]\QQLND� MHVW� ZVSyáF]\QQLN�

Z\GDMQR�FL� FKáRGQLF]HM� ε0�� GHILQLRZDQ\� MDNR� SURSRUFMD� Z\GDMQR�FL� FKáRGQLF]HM� GR� PRF\�

QDS
GRZHM� XU]�G]HQLD�� 2ND]XMH� VL
�� *H� F]\QQLN� 5� ��� RUD]� DPRQLDN� FKDUDNWHU\]XM�� EDUG]R�
]EOL*RQH�ZDUWR�FL�WHJR�ZVSyáF]\QQLND��FR�VWDZLD�RELH�VXEVWDQFMH�SRG�Z]JO
GHP�HIHNW\ZQR�FL�
HQHUJHW\F]QHM�Z�MHGQ\P�U]
G]LH� 

=�NROHL�Z\VRNLH�ZDUWR�FL�HQWDOSLL�SDURZDQLD�DPRQLDNX�SRZRGXM���L*�MHJR�LOR�ü�NU�*�FD�
Z�LQVWDODFML��D�QLH]E
GQD�GR�RGELRUX�]DáR*RQHJR�REFL�*HQLD�FLHSOQHJR�SDURZQLND��MHVW�SUDZLH�
R� U]�G�ZLHONR�FL�PQLHMV]D�Z� SRUyZQDQLX� ]� F]\QQLNLHP�5� ����%LRU�F� SRZ\*V]H� SRG� XZDJ
�
PR*QD�VWZLHUG]Lü��*H�Z�ZDUXQNDFK�W\FK�VDP\FK�Z\GDMQR�FL�RUD]�SU]\�W\FK�VDP\FK��UHGQLFDFK�
UXURFL�JyZ��VWUDW\�HQHUJHW\F]QH�Z�XU]�G]HQLDFK�DPRQLaNDOQ\FK�E
G��QL*V]H� 
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�����%H]SLHF]H�VWZR�VWRVRZDQLD�DPRQLDNX 
 

$PRQLDN� MHVW� QLHRUJDQLF]Q\P� ]ZL�]NLHP� FKHPLF]Q\P�� NWyU\� � Z� QRUPDOQ\FK�

warunkach atmosferycznych jest gazem bez NRORUX�� R� VLOQLH� GUD*QL�F\P� ]DSDFKX�� WUXGQR�

]DSDOQ\P�� WUXM�F\P�� Z\ZRáXM�F\P� LQWHQV\ZQH� á]DZLHQLH�� FKDUDNWHU\]XM�F\P� VL
� RVWU\P�

alkalicznym smakiem.  
Polska norma PN–,62�����������Ä0HFKDQLF]QH� LQVWDODFMH�]L
EQLF]H�GR�R]L
ELDQLD� L�

ogrzewania. Wymagania bezpiHF]H�VWZD´� ]DOLF]D� DPRQLDN� GR� F]\QQLNyZ� JUXS\� GUXJLHM��

REHMPXM�FHM� F]\QQLNL� FKáRGQLF]H� R� G]LDáDQLX� WRNV\F]Q\P� RUD]� Sá\Q\� SDOQH� Z� ZDUXQNDFK�

VW
*HQLD� REM
WR�FLRZHJR� Z� SRZLHWU]X� SRZ\*HM� ������ 7HPSHUDWXUD� ]DSáRQX� DPRQLDNX� Z�

SRZLHWU]X�Z\QRVL�RNRáR�����ºC. W warXQNDFK�VW
*HQLD�DPRQLDNX�Z�SRZLHWU]X�SRQL*HM������

F]\QQLN� WHQ� SDOL� VL
� VSRNRMQLH� *yáW\P� SáRPLHQLHP��:�ZDUXQNDFK� VW
*HQLD�Z� SRZLHWU]X� RG�
15% do 28% amoniak jest wybuchowy. 

1LHEH]SLHF]H�VWZR� Z\EXFKX� Z� SU]\SDGNX� LQVWDODFML� FKáRGQLF]HM� ]ZL�]DQH� MHVW� ]�
PR*OLZR�FL�� REQL*HQLD� GROQHM� JUDQLF\�Z\EXFKRZR�FL�PLHV]DQLQ\� DPRQLDNX�� SRZLHWU]D� RUD]�

ZRGRUX��SRZVWDáHJR�Z�Z\QLNX�HZHQWXDOQHJR�UR]NáDGX�DPRQLDNX�Z�Z\VRNLFK�WHPSHUDWXUDFK��

Z�RGQLHVLHQLX�GR�JUDQLF\�Z\EXFKRZR�FL�F]\VWHJR�DPRQLDNX�Z�SRZLHWU]X�RUD]�]H�]GROQR�FL���
wodorX�GR� VDPR]DSáRQX��:\GDMH� VL
��*H�ZHZQ
WU]QH�QLHEH]SLHF]H�VWZR�Z\EXFKX� LQVWDODFML�
DPRQLDNDOQHM� MHVW� Z\NOXF]RQH�� JG\*� QDZHW� ]DV\VDQLH� SRZLHWU]D� QLH� PR*H� GRSURZDG]Lü� GR�
SRZVWDQLD� PLHV]DQLQ\� Z\EXFKRZHM��:\PDJDáRE\� WR� ERZLHP� ZSURZDG]HQLD� GR� XU]�G]HQLD�
powietrza�Z� LOR�FL� RGSRZLDGDM�FHM� VW
*HQLX� REM
WR�FLRZHPX�Z\QRV]�FHPX� ����� D� SRQDGWR�

NRQLHF]QH� E\áRE\� LVWQLHQLH� (UyGáD� ]DSáRQX��1DOH*\� MHGQDN� SRGNUH�OLü��*H�QLHEH]SLHF]H�VWZR�
takie zaLVWQLHMH� ]� FKZLO�� QDZHW� QLHZLHONLHJR� UR]NáDGX� DPRQLDNX�� :� FHOX� ]DSRELH*HQLD�
UR]NáDGRZL�WHJR�F]\QQLND�]DOHFD�VL
�SU]HGH�ZV]\VWNLP��DE\�QLH�GRSX�FLü�GR� 
- RVL�JQL
FLD�WHPSHUDWXU\�MDNLHMNROZLHN�F]
�FL�XU]�G]HQLD�FKáRGQLF]HJR�SRZ\*HM�����0C,  
- znacznego zawilgocenia instalacji, 
- QDGPLHUQHJR�]ELHUDQLD�VL
�SRZLHWU]D�L�LQQ\FK�JD]yZ�LQHUWQ\FK�Z�XU]�G]HQLX� 
- QDGPLHUQHJR�]ELHUDQLD�VL
�ROHMX�Z�LQVWDODFML� 

3RGF]DV� VSDZDQLD� XU]�G]H�� FKáRGQLF]\FK� NRQLHF]QH� MHVW� ]DFKRZDQLH� V]F]HJyOQHM�
RVWUR*QR�FL�� SoQLHZD*� Z� UHV]WNDFK� DPRQLDNX� PR*H� E\ü� UR]SXV]F]RQD� PLHV]DQLQD�

Z\EXFKRZD��SRZVWDáD�XSU]HGQLR�QD�VNXWHN�UR]NáDGX amoniaku i oEHFQR�FL�SRZLHWU]D� 
-H*HOL� FKRG]L� R� RGG]LDá\ZDQLH� DPRQLDNX� QD� RUJDQL]P� OXG]NL�� WR� Z� VWDQLH� FLHNá\P��

F]\QQLN� WHQ� Z\ODQ\� QD� VNyU
� Z\ZRáXMH� VLOQH� VWDQ\� ]DSDOQH� RUD]� RSDU]HQLD�� =H� Z]JO
GX� QD�
QLVN�� QRUPDOQ�� WHPSHUDWXU
� ZU]HQLD�� DPRQLDN� PR*H� SRZRGRZDü� RGPUR*HQLD�� %DUG]R�
QLHEH]SLHF]QH�V��EU\]JL�FLHNáHJR�DPRQLDNX�QD�RF]\��JG\*�PRJ��Z\ZRáDü�WUZDáH�XV]NRG]HQLD�
JDáNL�RF]QHM��NWyUH�SURZDG]��GR��OHSRW\� 

2GG]LDá\ZDQLH� DPRQLDNX� Z� SRVWDFL� JD]RZHM� ]DOH*QH� MHVW� RG� MHJR� VW
*HQLD� Z�
powietrzu. Skutki oddziaá\ZDQLD� WHJR�Sá\QX� ]HVWDZLRQR�Z�7DEHOL� �����:DUWR�SRGNUH�OLü��*H�
SUyJ�]DJUR*HQLD�SU]\�VW
*HQLX�RNRáR�����SSP�SU]HNUDF]D����- krotnie próg wykrywalQR�FL��D�
GDZND� �PLHUWHOQD� SU]HNUDF]D� WHQ� SUyJ� ���� - krotnie. Jest to bardzo korzystna cecha tego 
Sá\QX��ERZLHP�áDWZR�MHVW�Z\NU\ü�MHJR�REHFQR�ü�SU]\�UHODW\ZQLH�EH]SLHF]Q\P�MHJR�VW
*HQLX�Z�
powietrzu. 

=� XZDJL� QD� ]QDF]Q\� SRVW
S� Z� G]LHG]LQLH� V\VWHPyZ� ]DEH]SLHF]H�� RUD]� DXWRPDW\NL�

FKáRGQLF]HM�� DPRQLDN� VWDMH� VL
� F]\QQLNLHP� FRUD]� EDUG]LHM� EH]SLHF]Q\P� >��@�� 1LHZ�WSOLZH�
zalety termoG\QDPLF]QH� L� X*\WNRZH� DPRQLDNX� SU]HZD*DM�� REHFQLH� QDG� SRWHQFMDOQ\PL�

]DJUR*HQLDPL�]ZL�]DQ\PL�]�MHJR�VWRVRZDQLHP�� 
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Tabela 1.6.6WRSQLRZDQLH ]DJUR*HQLD GOD RUJDQL]PX OXG]NLHJR ZJ VW
*HQLD DPRQLDNX Z SRZLHWU]X� ZJ >��@� 
 

OO :Sá\Z QD RUJDQL]P OXG]NL Przy st
*HQLX SSP Dopuszczalny czas przebywania 
Charakterystyczny zapach wyczuwalny 
QRVHP SU]H] ZL
NV]R�ü OXG]L� 

25 
próg wykrywalno�FL 

Nieograniczony 

0DNV\PDOQH GRSXV]F]DOQH VW
*HQLH WUZDáH 35 8 godzin roboczych przez 7 dni w tygodniu 
=DSDFK EDUG]R Z\UD(QLH Zyczuwalny. 
/XG]H RSXV]F]DM� VND*RQH SRPLHVzczenie 

50 ZJ QLH]E
GQ\FK SRWU]HE� 
 

Ostry nieprzyjemny zapach, jednak bez 
V]NRGOLZHJR ZSá\ZX QD RUJDQL]P OXG]L

zdrowych przy wdychaniu krótkotrZDá\P 

100 2SX�FLü SRPLHV]F]HQLH QLH]ZáRF]QLH 

3RGUD*QLHQLH �OX]yZNL RF]u, nosa i dróg 
oddechowych 

400 - 700 
SUyJ ]DJUR*HQLD 

� JRG]LQD SU]HE\ZDQLD ]D]Z\F]DM QLH Z\ZRáXMH JUR(Q\FK
QDVW
SVWZ� 

Napad kaszlu, uczucie zatykania oddechu, 
VLOQH SRGUD*QLHQLH �OX]yZNL QRVD� RF]X L

dróg oddechowych. 

1000 - 1700 3yáJRG]LQQH SU]HE\ZDQLH PR*H SURZDG]Lü GR JUR(Q\FK
naVW
SVWZ� 

6LOQ\ NDV]HO� VNXUF]H JDUGáD� VLOQH XF]XFLH

]DW\NDQLD RGGHFKX ZUD] ]H *U�F\P
SRGUD*QLHQLHP �OX]yZNL QRVD� RF]X L GUyJ

oddechowych. 

2000 - 5000 : FL�JX ��� JRG]LQ\ PR*H QDVW�SLü �PLHUü SU]H] XGXV]HQLH 

Silne uczucie porD*HQLD QHUZRZego i 
duszenia. 

5000 - 6000 �PLHUü QDVW
SXMH Z FL�JX NLONX PLQXW� 

Uwaga: w niskich temperaturach zapach NH3 w powietrzu wyczuwalQ\ MHVW MX* SU]\ VW
*HQLX � - 5 ppm. 

 
�����2EV]DU\�]DVWRVRZD� 
 
 -DNR�SLHUZV]\�]DVWRVRZDá�DPRQLDN�Z�WHFKQLFH�FKáRGQLF]HM�IUDQFXVNL�LQ*\QLHU�)��&DUUp��
NWyU\� Z� ����� URNX� ]EXGRZDá� SLHUZV]H� DEVRUSF\MQH� DPRQLDNDOQR-ZRGQH� XU]�G]HQLH�
FKáRGQLF]H�� 3LHUZV]H� VSU
*DUNRZH� XU]�G]HQLH� FKáRGQLF]H� SUDFXM�FH� ]� DPRQLDNLHP� MDNR�

F]\QQLNLHP� URERF]\P� ]EXGRZDá� Z� ����� URNX� SURIHVRU� &DUO� YRQ� /Lnde. Od tego czasu 
DPRQLDNDOQH� XU]�G]HQLD� FKáRGQLF]H� UR]SRZV]HFKQLá\� VL
�� SU]HFKRG]�F� SU]H]� RNUHV\�

LQWHQV\ZQHJR�UR]ZRMX�RUD]�]DKDPRZD�� 
 Wynalezienie oraz wprowadzenie na rynek w latach trzydziestych nowych 
V\QWHW\F]Q\FK� F]\QQLNyZ� FKáRGQLF]\FK� �]ZDQ\FK� SRWRF]QLH� IUHRQDPL��� Z\GDZDáR� VL
�
]DSRZLDGDü�]PLHU]FK�VWRVRZDQLD�DPRQLDNX�Z�WHFKQLFH�FKáRGQLF]HM��$PRQLDN��]H�Z]JO
GX�QD�
VZRMH� ZáDVQR�FL� WRNV\F]QH� L� SDOQH�� VWDá� VL
� Z\VRFH� QLHSR*�GDQ\��1LH� XGDáR� VL
� ]DVWRVRZDü�
DPRQLDNX� Z�PDá\P� FKáRGQLFWZLH�� =RVWDá� RQ� Z\SDUW\�przez czynniki chlorowcopochodne z 
NOLPDW\]DFML� RUD]� FKáRGQLFWZD� RNU
WRZHJR�� $PRQLDNDOQH� XU]�G]HQLD� FKáRGQLF]H� SR]RVWDá\�
QLH]DJUR*RQH� MHG\QLH� Z� REV]DU]H� FKáRGQLFWZD� SU]HP\VáRZHJR� RUD]� VNáDGRZHJR�� 1DOH*\�
MHGQDN� SRGNUH�OLü�� *H� UyZQLH*� L� Z� W\P� REV]DU]H� ]DVWRVRZD�� Z� NUDMDFK� (XURS\� =DFKRGQLHM�
RUD]�Z�86$�]DF]
WR�SUHIHURZDü�VWRVRZDQLH�F]\QQLNyZ�5����RUD]�5����� 
 =DVDGQLF]R� V\WXDFM
� ]PLHQLáR� RGNU\FLH� GHVWUXNW\ZQHJR� RGG]LDá\ZDQLD� F]\QQLNyZ�

FKORURZFRSRFKRGQ\FK� �WDN� ]ZDQ\FK� IUHRQyZ� QDOH*�F\FK� GR� JUXS\� &)&�� QD� ZDUVWZ
�
R]RQRZ���]QDMGXM�F��VL
�Z�JyUQ\FK�ZDUVWZDFK�]LHPVNLHM�DWPRVIHU\��1LH�EH]�]QDF]HQLD�RND]Dá�

VL
� UyZQLH*� ]QDF]Q\� ZNáDG� ZQRV]RQ\� SU]H]� WH� F]\QQLNL� Z� WZRU]HQLH� W]Z�� HIHNWX�

FLHSODUQLDQHJR��:�WHM�V\WXDFML�QDMZ\*V]H�LQVW\WXFMH�PL
G]\QDURGRZH�SRGM
á\�G]LDáDQLD�PDM�ce 
QD� FHOX� FDáNRZLWH� Z\HOLPLQRZDQLH� Z� RNUH�ORQHM� SHUVSHNW\ZLH� F]\QQLNyZ�

FKORURZFRSRFKRGQ\FK�� QDOH*�F\FK� GR� JUXS\� &)&� RUD]� +&)&�� 3URGXFHQFL� V\QWHW\F]Q\FK�
F]\QQLNyZ� FKáRGQLF]\FK� SURSRQXM�� REHFQLH� FRUD]� V]HUV]�� JDP
� LFK� VXEVW\WXWyZ� RUD]�
PRJ�F\FK� ]� QLPL� ZVSyáSUDFRZDü� ROHMyZ� V\QWHW\F]Q\FK�� MHGQDN� GRW\FKF]DV� EUDN� MHVW�

]DGDZDODM�FHJR�]DPLHQQLND� F]\QQLNyZ�5����RUD]�5�����GOD�GX*\FK�XU]�G]H�� FKáRGQLF]\FK�
O�GRZ\FK�L�PRUVNLFK��]ZáDV]F]D�SUDFXM�F\FK�Z�]DNUHVLH�WHPSHUDWXU�SDURZDQLD�RG�–50 ºC do -
30 ºC. 
 W tej sytuacji iQDF]HM� SRVWU]HJD� VL
� DPRQLDN��0R*QD� E\� U]HF�� *H� MHVW� WR� F]\QQLN� QD�
QRZR� RGNU\ZDQ\�� &RUD]� F]
�FLHM� SRGNUH�OD� VL
� SRQDG� ���-OHWQL�� KLVWRUL
� WHJR� Sá\QX� MDNR�
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F]\QQLND� URERF]HJR� Z� WHFKQLFH� FKáRGQLF]HM�� $PRQLDNDOQH� Z\VRNRVSUDZQH� XU]�G]HQLD�
FKáRGQLF]H� Z� SRVWDFL� SUHIDEU\NRZDQ\FK� DJUHJDWyZ� FKáRG]�F\FK� Sá\Q\� SR�UHGQLF]�FH�
�VRODQND�� JOLNRO� L� LQQH�� ]H� Z]JO
GQLH� QLHZLHONLP� QDSHáQLHQLHP� F]\QQLNLHP�� ]QDMGXM�� FRUD]�
szersze zastosowanie w klimatyzacji, na statkach i w sytuacjach, gdzie jeszcze do niedawna 
stosowano zasadniczo czynniki R 22 oraz R 502. 
 2GQR�QLH� X*\WNRZ\FK� ZáDVQR�FL� DPRQLDNX� QDOH*\� SRGNUH�OLü� Z\VRN�� WHPSHUDWXU
�
WáRF]HQLD��NWyUD�MHVW�]QDF]QLH�Z\*V]D�Z�SRUyZQDQLX�]�F]\QQLNDPL�5����OXE�5����D��:\VRNLH�

WHPSHUDWXU\� WáRF]HQLD� RJUDQLF]DM�� Z� VSRVyE� LVWRWQ\� ]DNUHV� VWRVRZDQ\FK� VSU
*yZ� Z�

VSU
*DUNDFK� DPRQLDNDOQ\FK��2JUDQLF]HQLD� WH�GRW\F]�� JáyZQLH�PQLHMV]\FK� MHGQRVWRSQLRZ\FK�

VSU
*DUHN� WáRNRZ\FK��SU]\�]DVWRVRZDQLX�NWyU\FK�]D]Z\F]DM� WUXGQR�X]\VNDü� MHVW� WHPSHUDWXU\�

SDURZDQLD�QL*V]H�RG�-15ºC (przy zaáR*HQLX�WHPSHUDWXU\�VNUDSODnia +35ºC) bez intensywnego 
FKáRG]HQLD�LFK�JáRZLF�� 
 =� NROHL� ]GHF\GRZDQLH� NRU]\VWQLH� Z\SDGDM�� GOD� DPRQLDNX� MHJR� Z\VRNLH� ZDUWR�FL�
ZLHONR�FL� MHGQRVWNRZ\FK�� FKDUDNWHU\]XM�F\FK� RELHJ� FKáRGQLF]\�� WDNLH� MDN�� MHGQRVWNRZD�
Z\GDMQR�ü�FKáRGQLF]D�PDVRZD�E�G(�REM
WR�FLRZD��$PRQLDN�FKDUDNWHU\]XM��UyZQLH*�Z\VRNLH�
ZDUWR�FL� ZVSyáF]\QQLNyZ� ZQLNDQLD� FLHSáD� Z� SURFHVDFK� ZU]HQLD� RUD]� VNUDSODQLD� Z�

SRUyZQDQLX�GR�F]\QQLNyZ�V\QWHW\F]Q\FK��W]Z�� IUHRQyZ��RUD]�ZLHOX�Sá\QyZ�QDWXUDOQ\FK��QD�

SU]\NáDG� Z
JORZRGRUyZ��� 0R*QD� ]DWHP� VWZLHUG]Lü�� *H� SU]\� ]DáR*HQLX� W\FK� VDP\FK�

SDUDPHWUyZ� SUDF\� RUD]� JHRPHWULL� LQVWDODFML�� ZV]HONLH� VWUDW\� E
G�� ]GHF\GRZDQLH� QL*V]H� Z�
SU]\SDGNX�]DVWRVRZDQLD�DPRQLDNX�MDNR�F]\QQLND�FKáRGQLF]HJR� 

2EHFQLH� DPRQLDN�� MDNR� MHGHQ� ]� QDMSRSXODUQLHMV]\FK� F]\QQLNyZ� FKáRGQLF]\FK� MHVW�

VWRVRZDQ\� Z� XNáDGDFK� MHGQR� RUD]� GZXVWRSQLRZ\FK�� �UHGQLFK� L� GX*\FK� VSU
*DUNRZ\FK�
XU]�G]H�� SU]HP\VáRZ\FK�� =DNUHV� VWRVRZDQ\FK� Z� Lnstalacjach amoniakalnych temperatur 
skraplania nie przekracza + 40 0 C, a temperatur parowania - 60 0 C, natomiast w domowych 
FKáRG]LDUNDFK� DEVRUSF\MQ\FK� SR]ZDOD� RQ� RVL�JDü� WHPSHUDWXU\� SDURZaQLD� QLH� SU]HNUDF]DM�FH 
- 45 0 C. 

2EHFQLH� UR]ZD*D� VL
� PR*OLZR�ü� SRZV]HFKQHJR� Z\NRU]\VWDQLD� DPRQLDNX� GR� Felów 
NOLPDW\]DFML�SRPLHV]F]H��RUD]�Z�XU]�G]HQLDFK�FKáRGQLF]\FK�R�Z\GDMQR�FL�SRQL*HM����N:��a 
QDZHW�SRQL*HM���N:���]�SU]H]QDF]HQLHP�GR�KDQGOX�L�JRVSRGDUVWZ�GRPRZ\FK�� 
 
2. PAKIET OPROGRAMOWANIA OUTC1 
 

Pakiet oprogramowania OUTC1� SU]H]QDF]RQ\� MHVW� GOD� V]HURNLHJR� NU
JX� RVyE�
]ZL�]DQ\FK� ]DZRGRZR� OXE� ]DLQWHUHVRZDQ\FK� WHFKQLN�� FKáRGQLF]��� =DGDQLHP� SLHUZszego z 
programów obliczeniowych o nazwie TABR717� MHVW� XáDWZLHQLH� GRVW
SX� GR� SRWU]HEQ\FK�Z�
SUDF\�GDQ\FK��REHMPXM�F\FK�ZáDVQR�FL�WHUPRG\QDPLF]QH�RUD]�WHUPRNLQHW\F]QH�DPRQLDNX� 

.D*GHPX�� NWR� NRU]\VWD� ]� Z\NUHVyZ� ZáDVQR�FL� WHUPRG\QDPLF]Q\FK� F]\QQLNyZ�

FKáRGQLF]\FK� �Z� SUDNW\FH� MHVW� WR� QDMF]
�FLHM� Z\NUHV� Z� XNáDG]LH� ZVSyáU]
GQ\FK�� FL�QLHQLH-
HQWDOSLD�� SDWU]� 5\V�� ������ QLHREFH� V�� QLHGRJRGQR�FL� ]ZL�]DQH� ]H� *PXGQ\P� RGF]\W\ZDQLHP�

ZLHOX�GDQ\FK��'RNáDGQR�ü�GRNRQ\ZDQ\FK�RGF]\WyZ�E\ZD�F]
VWR�RJUDQLF]RQD�NRPSURPLVHP�

SRPL
G]\� LOR�FL�� G\VSRQRZDQHJR� F]DVX� D� VWDZLDQ\PL� Z\PDJDQLDPL�� 3UH]HQWRZDQH�

RSURJUDPRZDQLH� MHVW� GRVNRQDá\P� UR]ZL�]DQLHP� W\FK� SUREOHPyZ�� JG\*� SR]ZDOD� QD� áDWZH� L�
QDW\FKPLDVWRZH� �GRVWDUF]HQLH�GRNáDGQ\FK�GDQ\FK�Z�]DNUHVLH�ZáDVQR�FL� WHUPRG\QDPLF]Q\FK�

F]\QQLND�� ]ZáDV]F]D� Z� REV]DU]H� SDU\� SU]HJU]DQHM�� =QDF]Q�� SRPRF�� GOD� SURMHNWDQWyZ�
XU]�G]H�� L� DSDUDWXU\� DPRQLDNDOQHM� RND*�� VL
� PRGXá\� RSURJUDPRZDQLD� SU]H]QDF]RQH� GR�

REOLF]DQLD� ZáDVQR�FL� WHUPRNLQHW\F]Q\FK� F]\QQLND� Z� VWDQLH� QDV\FHQLD�� ']L
NL� QLP� áDWZLHM�

PR*QD� GRNRQ\ZDü� REOLF]H��Z\PLDQ\� FLHSáD� SU]\�ZU]HQLX� E�G(� VNUDSODQLX�� D� WDN*H� RSRUyZ�
SU]HSá\ZyZ�GZXID]RZ\FK� 
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:� VNáDG� RSURJUDPRZDQLD� ZFKRG]L� UyZQLH*� PRGXá� XPR*OLZLDM�F\� GRNRQ\ZDQLH�

SRGVWDZRZ\FK�REOLF]H��WHRUHW\F]QHJR�RELHJX�MHGQRVWRSQLRZHJR� 
Z kolei drugi z dostarczonych programów o nazwie PROBLEMS� ]DZLHUD� PRGXá\�

REOLF]HQLRZH� GRW\F]�FH� ]DJDGQLH�� Z\PLDQ\� FLHSáD� L� RSRUyZ� SU]HSá\ZX�� NWyUH� V]F]HJyOQLH�

GRW\F]��DPRQLDNDOQ\FK�XU]�G]H��FKáRGQLF]\FK��:DUWR�SRGNUH�OLü��*H�Z�VSRVyE�Z\F]HUSXM�F\�
zagadnienia te przedstawiono i przedyskutowano w SLHUZV]\P�WRPLH�NVL�*NL�Ä$PRQLDNDOQH�

XU]�G]HQLD�FKáRGQLF]H��7RP��´�>��@� 
3RGVXPRZXM�F�� X*\WNRZQLN� RWU]\PXMH� Z� QLQLHMV]\P� RSUDFRZDQLX� REV]HUQH� (UyGáR�

informacji, przygotowane w wygodnej i praktycznej formie. Dostarczone na dysku CD 
oprogramowanie obejmuje: 

a) ZáDVQR�FL� WHUPRG\QDPLF]QH� DPRQLDNX� GOD� FLHF]\� QDV\FRQHM� RUD]� SDU\� VXFKHM�

nasyconej, 
b) ZáDVQR�FL�WHUPRNLQHW\F]QH�DPRQLDNX�GOD�FLHF]\�QDV\FRQHM�RUD]�SDU\�VXFKHM�QDV\FRQHM� 
c) ZáDVQR�FL�WHUPRG\QDPLF]QH�SDU\�SU]HJU]DQHM�DPRQLDNX� 
d) podstawowe obliczenia jednostopniowHJR�DPRQLDNDOQHJR�XU]�G]HQLD�FKáRGQLF]HJR� 
e) SUREOHP\� Z\PLDQ\� FLHSáD� RUD]� RSRUyZ� SU]HSá\ZX� Z� Z\PLHQQLNDFK� FLHSáD� E�G(�

DSDUDWXU]H�VWRVRZDQ\FK�Z�DPRQLDNDOQ\FK�XU]�G]HQLDFK�FKáRGQLF]\FK� 
f) ]Dá�F]QLN� Z� SRVWDFL� SOLNX� R� QD]ZLH�� outc1.pdf�� ]DZLHUDM�FHJR� WUH�ü� QLQLHMVzego 

opracowania oraz programu Adobe Acrobat Reader 4.0�� XPR*OLZLDM�FHJR��
odczytywanie tego pliku. 

 
3. INSTALACJA I ODINSTALOWANIE PAKIETU OUTC1 
 
3.1. Instalacja pakietu OUTC1 
 
 Zamieszczone na dysku CD programy TABR717 oraz PROBLEMS� PR*QD�
XUXFKDPLDü�EH]SR�UHGQLR�]�Sá\W\� OXE�]DLQVWDORZDü� MH�QD�G\VNX� WZDUG\P�NRPSXWHUD��3RQL*HM�
SRGDQR�NROHMQH�F]\QQR�FL��NWyUH�WU]HED�Z\NRQDü�SRGF]DV�LFK�LQVWDODFML� 
 

 
Rys. 3.1�2NQR�JáyZQH�SDNLHWX�WX*�SR�XUXFKRPLHQLX� 
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3R� ZáR*HQLX� Sá\W\� GR� QDS
GX� &'-520�� QDVW
SXMH� DXWRPDW\F]QH� Xruchomienie 
programu start.exe -�R�LOH�XVWDZLRQD�MHVW�RSFMD�DXWRPDW\F]QHJR�XUXFKDPLDQLD�Sá\W�&'��-H�OL�
RSFMD� WD�QLH� MHVW�XVWDZLRQD��ZyZF]DV�QDOH*\�XUXFKRPLü�SURJUDP�start.exe�]QDMGXM�F\�VL
�QD�
Sá\FLH�Z�NDWaORJX�JáyZQ\P��3R�NLONX�VHNXQGDFK�SRMDZL�VL
�RNQR�Gialogowe pakietu pokazane 
QD� 5\V�� ����� 2NQR� WR� ]DZLHUD� SL
ü� SU]\FLVNyZ�� :� FHOX� LQVWDODFML� RSURJUDPRZDQLD� QDOH*\�
QDFLVQ�ü�SU]\FLVN�Instalacja oprogramowania. 

 

 
Rys 3.2 Okno informacyjne programu instalacyjnego. 

 
1D� HNUDQLH� SRMDZL� VL
� RNQR� LQIRUPDF\MQH� SURJramu instalacyjnego (Rys 3.2). Po 

NOLNQL
FLX� SU]\FLVNX� Dalej, QDVW
SXMH� NRQW\QXDFMD� LQVWDODFML�� ]D�� SR� NOLNQL
FLX� SU]\FLVNX�
Anuluj proces instalacji oprogramowania zostanie przerwany. 

 

 
Rys 3.3 Okno z tekstem umowy licencyjnej. 

 
1DVW
SQ\P�NURNLHP�MHVW�]DSR]QDQLH�VL
�]�ZDUXQNDPL�XPRZ\�OLFHQF\MQHM��Warunkiem 

legalQHJR� X*\ZDQLD� SURJUDPyZ� ZFKRG]�F\FK� Z� VNáDG� SDNLHWX� MHVW� SRVLDGDQLH�

RU\JLQDOQHJR� QR�QLND� Ä2SURJUDPRZDQLH� 8*\WNRZH� GOD� 7HFKQLNL� &LHSOQHM� &'� 1U� ���
Amoniak –� ZáDVQR�FL� FLHSOQH� L� X*\WNRZH´�� $XWRU]\� RUD] wydawnictwo MASTA nie 
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SRQRV]�� RGSRZLHG]LDOQR�FL� ]D� ZV]HONLH� NRQVHNZHQFMH� Z\QLNáH� ]� X*\WNRZDQLD�
oprogramowania.  
 W przypadku akceptacji warunków umoZ\� OLFHQF\MQHM�QDOH*\�NOLNQ�ü�SU]\FLVN�Tak. 
:� SU]\SDGNX� SU]HFLZQ\P�� QDOH*\� NOLNQ�ü� SU]\FLVN�Nie, co spowoduje przerwanie procesu 
instalacji. Przycisk Wstecz powoduje powrót do poprzedniego okna programu instalacyjnego. 
 

 
Rys. 3.4 Okno wyboru folderu docelowego 

 
-DNR� QDVW
SQH� SRMDZL� VL
� RNQR� GLDORJRZH� Ä:\EyU� IROGHUX� GRFHORZHJR´�� Z� NWyU\P�

PR*QD� Z\EUDü� NDWDORJ� Z� którym zostanie zainstalowane oprogramowanie (Rys. 3.4). 
'RP\�OQ\P�NDWDORJLHP� MHVW�C:\Program Files\OUTC\Amoniak��=PLDQ
� NDWDORJX�XáaWZLDM��
RNQD�Z\ERUX�RUD]�RNQR�HG\FML�Z�NWyU\P�QDOH*\�ZSLVDü�Z\EUDQ���FLH*N
�GRFHORZ�� 

3R� NOLNQL
FLX� SU]\FLVNX� Dalej> przechoG]LP\� GR� RNQD� Ä:\EyU� VNáDGQLNyZ´� �5\V��

������ Z� NWyU\P� PR*QD� GRNRQDü� Z\ERUX� URG]DMX� LQVWDODFML� -� Z� ]DOH*QR�FL� RG� WHJR�� MDNLH�
VNáDGQLNL�PDM��E\ü�]DLQVWDORZane w systemie.  

 

 
Rys. 3.5.�2NQR�Z\ERUX�LQVWDORZDQ\FK�VNáDGQLNyZ� 
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1DVW
SQLH� Z\�ZLHWODQH� MHVW� RNQR� Ä:\ELHU]� JUXS
� SURJUDPyZ´� �5\V�� ������ � 1D� W\P�

etapie instaODFML�RSURJUDPRZDQLD�QDOH*\�Z\EUDü�QD]Z
�GOD�JUXS\�SURJUDPyZ��SRG�MDN��E
G]LH�
Z\�ZLHWODQ\� NDWDORJ� ]DZLHUDM�F\� VNUyW\� GR� RSURJUDPRZDQLD� �GRP\�OQLH� E
dzie to 
OUTC\Amoniak).  
 

 
Rys. 3.6 Okno wyboru grupy programów tworzonej w Menu Start  

 
:� QDVW
SQ\P� RNQLH� �5\V�� ����� X*\WNRZQLN� PR*H� GRNRQDü� Z\ERUX� GRGDWNRZ\FK�

skrótów do oprograPRZDQLD�� NWyUH� PDM�� E\ü� XWZRU]RQH� SRGF]DV� LQVWaODFML�� 3R� NOLNQL
FLX�
przycisku Dalej> przechoG]LP\�GR�RNQD�Z�NWyU\P�Z\�ZLHWODQH�V��opcje wybrane w procesie 
instalacji (Rys. 3.8). 
 

 
Rys.  3.7�2NQR�Z\ERUX�GRGDWNRZ\FK�]DGD��GOD�SURJUDPX�LQVWDODF\MQHJR 

 
3R� NOLNQL
FLX� SU]\FLVNX� Instaluj � QDVW
SXMH� NRSLRZDQLH� Z\EUaQ\FK� VNáDGQLNyZ� GR�

folderu docelowego, tworzenie skrótów do programów i ich konfiguracja. 
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Rys. 3.8�2NQR�]�LQIRUPDFMDPL�GRW\F]�F\PL�RSFML�Z\EUDQ\FK�Z�SURFHVLH�LQVWDODFML 

 
3RGF]DV�NRSLRZDQLD�Z\�ZLHWODQD�MHVW�Lnformacja o aktualnie kopiowanym pliku oraz o 

zaawansowaniu procesu kopiowania (Rys. 3.9). 
 

 
Rys. 3.9 Okno z informacjami�GRW\F]�F\PL�SURFHVX�NRSLRZDQLD�SOLNyZ�SURJUDPyZ 

 
 Po przekopiowaniu na dysk plików potrzebnych do funkcjonowania oprogramowania, 
Z\�ZLHWODQH� MHVW� RNQR� LQIRUPXM�FH� R� ]DNR�F]HQLX� LQVWDODFML� SURJUDPyZ� �5\V�� �������

'RGDWNRZH� RSFMH� SR]ZDODM�� QD� Z\�ZLHWOHQLH� SOiku z informacjami o pakiecie oraz 
uruchomienie programów wchodz�F\FK�Z�VNáDG�SDNLHWX�EH]SR�UHGQLR�SR�SURFHVLH�LQVWDODFML�� 
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Rys. 3.102NQR NR�F]�FH SURFHV LQVWDODFML 

 
3.2 Odinstalowanie pakietu OUTC1 
  

$E\� RGLQVWDORZDü� SDNLHW� OUTC1� ]� NRPSXWHUD�� QDOH*\� RWZRU]\ü� RNQR� GLDORJRZH�
:áD�FLZR�FL��'oGDM�8VX��3URJUDP\ (Rys. 3.11). 
 

 
Rys 3.112NQR GLDORJRZH Ä'RGDM�8VX� SURJUDP\´ 

 
Okno dialogowe :áD�FLZR�FL�� 'RGDM�8VX�� 3URJUDP\� PR*QD� RWZRU]\ü� NOLNDM�F�

przycisk Start, wskazuM�F� SROHFHQLH� Ustawienia�� NOLNDM�F� SROHFHQLe Panel Sterowania, a 
QDVW
SQLH� NOLNDM�F� GZXNURWQLH� LNRQ
� DoGDM�8VX�� 3URJUDP\�� 1D� OL�FLH� Z\ERUX� QDOH*\�
]D]QDF]\ü� RSFM
� OUTC1�� D� QDVW
SQLH� NOLkQ�ü� SU]\FLVN� DoGDM�8VX�. Podczas usuwania 
pakietu wykasowaQH�]RVWDQ��ZV]\VWNLH�SOLNL�ZFKRG]�FH�Z� MHJR�VNáDG�RUD]�XVXQL
WH�]RVWDQ��
skróty do programów utworzone podczas instalacji. 
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3.3 Instalacja programu ACROBAT READER 4.0 
 
 Program ACROBAT READER 4.0� ]RVWDá� GOD� Z\JRG\� X*\WNRZQLND� ]Dá�F]RQ\� QD�
NU�*NX� &'� Z� NDWDORJX� Acrobat 4.0�� 8*\WNRZQLN� PR*H� GRNRQDü� LQVWDODFML� WHJR� Srogramu 
XUXFKDPLDM�F� SROHFHQLH� Ar405Eng.exe�� ]QDMGXM�F\� VL
� Z� NDWDORJX� JáyZQ\P� Sá\W\�� E�G(�
XUXFKRPLü� EH]SR�UHGQLR� SURJUDP� SRSU]H]� SOLN� AcroR32.exe�� ]QDMGXM�F\� VL
� Z� NDWDORJX��
Acrobat 4.0/Reader/. 

:DUXQNLHP� OHJDOQHJR� X*\WNRZDQLD� ]Dá�F]RQHJR� QD� Sá\FLH� RSURJUamowania Acrobat 
Reader 4.0�MHVW�VSHáQLHQLH�ZV]\VWNLFK�ZDUXQNyZ�]DZDUW\FK�Z�XPRZLH�OLFHQF\MQHM�ZáD�FLFLHOD�
programu Adobe Systems Incorporated. 
 
3.4 Informacje i uaktualnienia 
 

Ewentualne dodatkowe informacje lub uaktualnienia dostarczanego oprogramowania 
Z� UDPDFK� SDNLHWX� 287&� X*\WNRZQLN� E
G]LH� PyJá� ]QDOH(ü� Z� ,QWHUQHFLH� QD� QDVW
SXM�FHM�
stronie:  

http://tchik.com.pl/outc.html.  
4. PROGRAM TABR717 
  

Program TABR717� VáX*\� GR� REOLF]DQLD� ZáDVQR�FL� WHUPRNLQHW\F]Q\FK� RUD]�

WHUPRG\QDPLF]Q\FK� DPRQLDNX� RUD]� ZLHONR�FL� Fharakterystycznych jednostopniowego 
DPRQLDNDOQHJR�XU]�G]HQLD�FKáRGQLF]HJR�� 

3URJUDP� WHQ� PR*QD� XUXFKRPLü� NRU]\VWDM�F� ]DUyZQR� ]� HNVSORUDWRUD�� GRVW
SQHJR� Z�
V\VWHPDFK� RSHUDF\MQ\FK� :LQGRZV� ������17�� MDN� L� NRU]\VWDM�F� ]� ZF]H�QLHM� XWZRU]RQHJR�
skrótu na pulpicie. 3R� XUXFKRPLHQLX� RWZLHUD� VL
� RNQR� JáyZQH� SURJUDPX�� NWyUHJR� ZLGRN�

SRND]DQR� QD� 5\V�� ����� =D� SRPRF�� SU]\FLVNyZ� ]QDMGXM�F\FK� VL
� Z� RNQLH� JáyZQ\P�PR*QD�
XUXFKRPLü� GRZROQ\� PRGXá� SURJUDPX�� :áDVQR�FL� WHUPRG\QDPLF]QH�� :áDVQR�FL�
termokinetyczne,� :áDVQR�FL� SDU\� SU]HJU]anej, Teoretyczny obieg jednostopniowy. 
:L
NV]R�ü� RSFML� Z\ERUX� Z� SURJUDPLH� PR*QD� UyZQLH*� XUXFKRPLü�� NRU]\VWDM�F� ]DUyZQR� ]�
P\V]\�� MDN� L�]�NODZLV]D� WDEXODFML��NWyU\P�PR*QD�SRG�ZLHWOLü�GDQH�RNQR� L�QDVW
SQLH�ZFLVQ�ü�
klawisz „Enter”.  

 
Rys. 4.1.2NQR JáyZQH SUogramu TABR717. 
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:� SURJUDPLH�� RSUyF]� SU]\FLVNyZ� Z\ERUX� SRV]F]HJyOQ\FK� PRGXáyZ�� Z\VW
SXM��
GRGDWNRZH� SU]\FLVNL� Ä,QIRUPDFMH´�� Ä2SLV´�� Ä:\M�FLH´�� XPR*OLZLDM�FH� RWZRU]HQLH�

RGSRZLHGQLFK�RNLHQ�OXE�Z\M�FLH�]�SURJUDPX� 
 

�����0RGXá�Ä:áDVQR�FL�WHUPRG\QDPLF]QH´ 
 

Okno mRGXáX� Ä:áDVQR�FL� WHUPRG\QDPLF]QH” zawiera: dwa opcjonalne pola 
GLDORJRZH� �]QDMGXM�FH� VL
� SR� OHZHM� JyUQHM� VWURQLH��� SROH� LQIRUPDF\MQH� R� GRSXV]F]DOQ\P�

]DNUHVLH�]PLHQQR�FL�WHPSHUDWXU\�E�G(�FL�QLHQLD�QDV\FHQLD��SR�SUDZHM�JyUQHM�VWURQLH��RUD]�SROH�
wyników (w doOQHM�F]
�FL�RNQD���:LGRN�WHJR�RNQD�SU]HGVWDZLRQR�QD�5\V������� 

8*\WNRZQLN� PD� GR� Z\ERUX� SRGDQLH� ZDUWR�FL� WHPSHUDWXU\� QDV\FHQLD�� OXE� ZDUWR�FL�
FL�QLHQLD�QDV\FHQLD��3R�ZSLVDQLX�GDQHM�RUD]�NOLNQL
FLX�SU]\FLVNX�Ä2.´��Z�RNQLH�SRMDZLDM��VL
�
ZDUWR�FL�ZáDVQR�FL�WHUPodynamicznych cieczy nasyconej oraz pary suchej nasyconej. Program 
REOLF]D� ZáDVQR�FL� WHUPRG\QDPLF]QH� DPRQLDNX� Z� VWDQLH� QDV\FHQLD� ]D� SRPRF�� VSOLQH¶yZ�
trzeciego stopnia.  

1DOH*\� SRGNUH�OLü��*H�ZáDVQR�FL� WHUPRG\QDPLF]QH� F]\QQLNyZ�FKáRGQLF]\FK�Z� VWDQLH�

nasycenLD�PR*QD�HIHNW\ZQLH�DSURNV\PRZDü�ZLHORPLDQDPL�>�@��:�=Dá�F]QLNX�]DPLHV]F]RQR�

LQIRUPDFM
� QD� WHPDW� WHJR� W\SX� REOLF]H�� ZUD]� ]� RGSRZLHGQLPL� ]DOH*QR�FLDPL� RUD]�

RGSRZLDGDM�F\PL�LP�ZDUWR�FLDPL�ZVSyáF]\QQLNyZ�DSURNV\PDF\MQ\FK� 
:DUWR�FL� HQWDOSLL�ZáD�FLZHM� RUD]� HQWURSLL�ZáD�FLZHM� GREUDQR�Z� WDNL� VSRVyE�� DE\� GOD�

cieczy nasyconej o temperaturze 0 °&� E\á\� RQH� UyZQH� RGSRZLHGQLR�� ho = 200 kJ/kg oraz  
so = 1.00 kJ/(kg⋅K). 
 

 
Rys. 4.2. 2NQR PRGXáX Ä:áDVQR�FL WHUPRG\QDPLF]QH´� 

 
�����0RGXá�Ä:áDVQR�FL�WHUPRNLQHW\F]QH´ 

 
Okno modXáX� Ä:áDVQR�FL� WHUPRG\QDPLF]QH´ zawiera: dwa opcjonalne pola 

dialogowe (umieszczone u góry po lewej stronie), pole informacyjne o dopuszczalnym 
]DNUHVLH�]PLHQQR�FL�WHPSHUDWXU\�E�G(�FL�QLHQLD�QDV\FHQLD��X�JyU\�SR�SUDZHM�VWURQLH��RUD]�SROH�
wyników, prezentuj�FH� ZáDVQR�FL� WHUPRNLQHW\F]QH� DPRQLDNX� Z� VWDQLH� QDV\FHQLD� �Z� F]
�FL�
GROQHM�RNQD���:LGRN�RNQD�WHJR�PRGXáX�]DPLHV]F]RQR�QD�5\V������� 
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 8*\WNRZQLN�PD�GR�Z\ERUX�SRGDQLH�WHPSHUDWXU\�QDV\FHQLD�OXE�FL�QLHQLD�QDV\FHQLD��3R�
ZSLVDQLX� GDQHM� RUD]� NOLNQL
FLX� SU]\FLVNX� Ä2.´� Z� RNQLH� SRMDZLDM�� VL
� ZDUWR�FL� ZáDVQR�FL�
termokinetycznych cieczy nasyconej oraz pary suchej nasyconej.  
 3URJUDP� REOLF]D� ZáDVQR�FL� WHUPRNLQHW\F]QH� DPRQLDNX� Z� VWDQLH� QDV\FHQLD� QD�

podstawie spline’ów trzeciego stopnia.  
3RGREQLH�� MDN� ZáDVQR�FL� WHUPRG\QDPLF]QH�� UyZQLH*� ZáDVQR�FL� WHUPRNLQHW\F]QH�

F]\QQLNyZ� FKáRGQLF]\FK� Z� VWDQLH� QDV\FHQLD� PR*QD� ]� GX*�� GRNáDGQR�FL�� DSURNV\PRZDü�

ZLHORPLDQDPL�>�@��:�=Dá�F]QLNX�]DPLHV]F]RQR�LQIRUPDFM
�QD�WHPDW�WHJR�W\SX�REOLF]H��ZUD]�
]� RGSRZLHGQLPL� ]DOH*QR�FLDPL� L� RGSRZLDGDM�F\PL� LP� ZDUWR�FLDPL� ZVSyáF]\QQLNyZ�

aproksymacyjnych. 
 

 
 

Rys. 4.3� 2NQR PRGXáX Ä:áDVQR�FL WHUPRNLQHW\F]QH´� 
 
�����0RGXá�Ä:áDVQR�FL�SDU\�SU]HJU]DQHM´ 
  

2NQR� PRGXáX� Ä:áDVQR�FL� SDU\� SU]HJU]DQHM´ pokazano na Rys. 4.4. Okno to 
]DZLHUD�� GZD� SROD� VáX*�FH� GR� ZSURZDG]DQLD� ZDUWR�FL� FL�QLHQLD� RUD]� WHPSHUDWXU\� SDU\�

(umieszczone po lewej górnej stronie), pole informacyjne o dopuszczalnym zakresie 
]PLHQQR�FL� WHPSHUDWXU\�RUD]�FL�QLHQLD�SDU\�SU]HJU]DQHM��SR�SUDZHM�JyUQHM�VWURQLH��RUD]�SROH�
Z\QLNyZ� SUH]HQWXM�FH� ZáDVQR�FL� WHUPRG\QDPLF]QH� SDU\� SU]HJU]DQHM� DPRQLDNX� �Z� F]
�FL�
dolnej okna). 
 3R� ZSLVDQLX� REX� GDQ\FK� RUD]� NOLNQL
FLX� SU]\FLVNX� Ä2.´�� Z� RNQLH� SRMDZLDM�� VL
�
ZDUWR�FL�ZáDVQR�FL� WHUPRG\QDPLF]Q\FK�SDU\�SU]HJU]DQHM�DPRQLDNX��3R�NOLNQL
FLX�SU]\FLVNX�
Ä:\M�FLH´�QDVW
SXMH�]DPNQL
FLH�ELH*�FHJR�RNQD�L�SRZUyW�GR�SURJUDPX�JáyZQHJR� 
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Rys. 4.4� 2NQR Ä:áDVQR�FL SDU\ SU]HJU]DQHM´� 

 
 

•�2EOLF]DQLH�REM
WR�FL�ZáD�FLZHM�SDU\�SU]HJU]DQHM 
 
'R� REOLF]HQLD� REM
WR�FL� ZáD�FLZHM� SDU\� SU]HJU]DQHM� Z\PDJDQH� MHVW� WHUPLF]QH�

równanie stanu pary. Istnieje wLHOH� W\SyZ� UyZQD�� VWDQX��ZL�*�F\FK� REM
WR�ü�ZáD�FLZ�� �OXE�
J
VWR�ü�� SDU\� ]� MHM� FL�QLHQLHP� RUD]� WHPSHUDWXU�� >�����������@�� =D� QDMEDUG]LHM� GRNáDGQH�
UyZQDQLH� VWDQX�� PDM�FH� MX*� QLHPDO� NODV\F]Q\� FKDUDNWHU� Z� RGQLHVLHQLX� GR� PRGHORZDQLD�

ZáDVQR�FL� F]\QQLNyZ� FKáRGQLFzych, autorzy niniejszej publikacji uznali równanie stanu 
zaproponowane przez Rombuscha [18]. Równanie to wykorzystywano przy opracowywaniu 
WDEOLF�SDURZ\FK�ZLHOX�F]\QQLNyZ�FKáRGQLF]\FK�>����@� 

3RQL*HM�]DPLHV]F]RQR�UyZQDQLH�5RPEXVFKD�SU]HGVWDZLRQH�Z�SRVWDFL bezwymiarowej, 
Z� NWyUHM� SDUDPHWU\� VWDQX� RGQLHVLRQH� V�� GR� ZDUWR�FL� Z\VW
SXM�F\FK� Z� SXQNFLH� NU\W\F]Q\P�

(oznaczone indeksem dolnym r): 









−+

−
++−−=

)1(41

)a(a
a1)1(1p

r

2
rr21

ro
5

rr ρ
ρρρρ                                  (1) 

 
&]
�ü� ZVSyáF]\QQLNyZ� a� Z� UyZQDQLX� ���� MHVW� UyZQD� ]HUX�� Z� ]ZL�]ku z czym zapis tego 
UyZQDQLD�PR*QD�XSUR�FLü�GR�UyZQRZD*QHM��QDVW
SXM�FHM�SRVWDFL� 
 

0ap5
8

1j

j
rjr =+− ∑

=

ρ                                                        (2) 

 
:\VW
SXM�FH� Z� UyZQDQLX� ���� ZVSyáF]\QQLNL� a� V�� IXQNFMDPL� WHPSHUDWXU\� RUD]� FL�QLHQLD��
PDM�F\PL�QDVW
SXM�F��SRVWDü� 
 

rj4
r

2
r

j3rj2j1j pb
T

)1T(
b)1T(bba +

−
+−+= .                                 (3) 

 
:DUWR�FL�OLF]ERZH�VWDá\FK�Z\VW
SXM�F\FK�Z�UyZQDQLX�����SRGDQH�V��Z�7DEHOL����� 
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1LHVWHW\��UyZQDQLH�5RPEXVFKD�]DSLVDQH�Z�SRVWDFL�Z]RUX�����OXE�����MHVW�XZLNáDQH�]H�

Z]JO
GX�QD�J
VWR�ü�SDU\��2]QDF]D� WR��*H�J
VWR�ü�SDU\�� D� W\P� VDP\P� MHM�REM
WR�ü�ZáD�FLZ���
QDOH*\�REOLF]Dü�]�W\FK�UyZQD��GURJ��UR]ZL�]DQLD�QXPHU\F]QHJR� 
 
Tabela 4.1.:DUWR�FL ZVSyáF]\QQLNyZ Z\VW
SXM�F\FK Z UyZQDQLX ���� 

b11 20.5909 b21  20.590900 b31 0 b41 8 
b12 -61.90385 b22 32.658314 b32 120.619846 b42 4 
b13 72.598622 b23 163.56154 b33 405.327893 b43 0 
b14 25.11686 b24 181.340885 b34 516.969876 b44 0 
b15 28.123279 b25 51.779487 b35 299.046792 b45 0 
b16 37.233628 b26 -33.637855 b36 -64.58894 b46 0 
b17 -17.336289 b27 25.818398 b37 0 b47 0 
b18 3.057128 b28 -4.00000 b38 0 b48 0 
 
•�(QHUJLD�ZHZQ
WU]QD�ZáD�FLZD�SDU\�SU]HJU]DQHM 
 

.ROHMQ\P� SDUDPHWUHP� RSLVXM�F\P� VWDQ� F]\QQLND� WHUPRG\QDPLF]QHJR� MHVW� HQHUJLD�

ZHZQ
WU]QD�� (QHUJL
� ZHZQ
WU]Q�� ZáD�FLZ�� SDU\� SU]HJU]DQHM�PR*QD� REOLF]Dü� QD� SRGVWDZLH�
QDVW
SXM�FHJR�UyZQDQLD��RSUDFRZDQHJR�SU]H]�5RPEXscha [18]: 
 

KuuRTu okr ++∆=                                                     (4) 

 
Z�NWyU\P�SU]\M
WR�QDVW
SXM�F��SRVWDü�EH]Z\PLDURZ\FK�IXQNFML� 
 

)(g
T

1
1)(f)1(2arctg

32

1

16

1

12

)1(

5

)1(
a

])1(41ln[
8

1

2

)1(
)1(a

1
])1(1[a

n

)1(
u

r
r

rr
r

3
r

5
r

2

2
r

2
r4

r1
r

r5
r0

5

1n

n
r

ρρρρρρ

ρρρ
ρ

ρρρ∆







−++








−−−+−−−+

+








−++
−

−−+
−

−−+
−

= ∑
=

(5) 
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









+−= rr

r
r gg ρρ

ρ
ρ 494.1315.1

3
)( 2
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                                   (7) 

 
RUD]�QDVW
SXM�F���SRVWDü�IXQNFML�R�Z\PLDU]H�HQHUJLL�ZHZQ
WU]QHM�ZáD�FLZHM� 
 

∑
=

−++=
4

2j

j1
j100 dTlnddu ΘΘ                                       (8) 

JG]LH�SU]\M
WR�QDVW
SXM�FH�R]QDF]HQLH� 
T01.0=Θ . 

:DUWR�FL� OLF]ERZH� VWDá\FK�Z\VW
SXM�F\FK�Z�SRZ\*V]\P� UyZQDQLX� SRGDQH� V��Z�7DEHOL� �����
1DOH*\�SRGNUH�OLü��*H�GR�REOLF]HQLD�ZDUWR�FL�HQHUJLL�ZHZQ
WU]QHM�ZáD�FLZHM�SDU\�SU]HJU]DQHM��



 23 

NRQLHF]QD� MHVW� ]QDMRPR�ü� J
VWR�FL� SDU\�� :\PDJD� WR� ]� NROHL� XSU]HGQLHJR� UR]ZL�]DQLD�
numerycznego równania stanu czynnika w postaci (1) lub (2). 
 
 
Tabela 4.2.:DUWR�FL ZVSyáF]\QQLNyZ Z\VW
SXM�F\FK Z UyZQDQLDFK SRPRFQLF]\FK GR UyZQDQLD ���� 
 
a0 -0.242826 b1  -3.186056 d0 294718.2 g 7.841928 
a1 0.008101 b2 1.822851 d1 -655727.8 K 4302538.9 
a2 0.028541 b3 -0.141627 d2 -761200.2   
  b4 -0.270423 d3 0.0   
  b5 0.048565 d4 0.0   
 
•�(QWDOSLD�ZáD�FLZD�SDU\�SU]HJU]DQHM 
 

3RGVWDZRZ�� ZLHONR�FL�� X*\ZDQ�� GR� RSLVX� VWDQX� F]\QQLND� WHUPRG\QDPLF]QHJR� MHVW�

HQWDOSLD�� 'R� REOLF]DQLD� ZDUWR�FL� HQWDOSLL� ZáD�FLZHM� SDU\� SU]HJU]DQHM� PR*QD� X*\ü�
QDVW
SXM�FHJR� UyZQDQLD�� Z\QLNDM�FHJR� ]� SRGVWDZRZ\FK�� NODV\F]Q\FK� ]DOH*QR�FL�
termodynamicznych: 
 

KupvuRTh 0kr +++= ∆                                               (9) 

 
'R�REOLF]HQLD�HQWDOSLL�ZáD�FLZHM�SDU\�SU]HJU]DQHM�NRQLHF]QD�MHVW�]QDMRPR�ü�ZDUWR�FL�

HQHUJLL�ZHZQ
WU]QHM�RUD]�J
VWR�FL� 
 
•�(QWURSLD�ZáD�FLZD�SDU\�SU]HJU]DQHM 
 

(QWURSLD� MHVW� NROHMQ��� SRGVWDZRZ�� ZLHONR�FL�� RSLVXM�F�� VWDQ� WHUPRG\QDPLF]Q\�

F]\QQLND��-DNNROZLHN�QLH�X*\ZD�VL
�MHM�EH]SR�UHGQLR�Z�W\SRZ\FK�REOLF]HQLDFK�FKáRGQLF]\FK��
WR� MHGQDN� MHM� ]QDMRPR�ü� RND]XMH� VL
� SU]\GDWQD� GR� DQDOL]\� SUDF\� VSU
*DUNL� FKáRGQLF]HM�� FR�
]RVWDQLH�SRND]DQH�SRQL*HM� 

(QWURSL
� ZáD�FLZ�� SDU\� SU]HJU]DQHM� PR*QD� REOLF]Dü� ]� QDVW
SXM�FHJR� UyZQDQLD�
zaproponowanego przez Rombuscha [18] w postaci: 
 

Ls)(g
T

1
1

2

1
ln)(fRs 0r2

r

rr ++







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gdzie: 

∑
=

−+=
2

1j

j
j00 eTlnes Θ ,                                                (11) 

]D�� IXQNFMH� )(f rρ  oraz )(g rρ �]GHILQLRZDQR�SRZ\*HM�Z�SRVWDFL� UyZQD��Rdpowiednio: (6) 
RUD]������:DUWR�FL�ZVSyáF]\QQLNyZ�Z\VW
SXM�F\FK�Z�UyZQDQLX������]DPLHV]F]RQR�Z�7DEHOL�

4.3. 
Tabela 4.3.:DUWR�FL ZVSyáF]\QQLNyZ Z\VW
SXM�F\FK Z UyZQDQLX ����� 

 
e0 2947.182 L -14804.531 
e1 6557.278   
e2 -3806.001   



 24 

 
�����0RGXá�Ä7HRUHW\F]Q\ obieg jednostopniowy” 
 

2NQR�PRGXáX�„Teoretyczny obieg jednostopniowy” pokazano na Rys. 4.5. Okno to 
]DZLHUD�� V]H�ü� SyO� GLDORJRZ\FK� VáX*�F\FK� GR� ZSURZDG]DQLD� ZDUWR�FL� SDUDPHWUyZ� RELHJX�

�]QDMGXM�F\FK� VL
� SR� OHZHM� JyUQHM� VWURQLH�� RUD]� SROH� Z\QLNyZ� – czyli wiHONR�FL�
FKDUDNWHU\]XM�F\FK� MHGQRVWRSQLRZ\� DPRQLDNDOQ\� RELHJ� FKáRGQLF]\� �]QDMGXM�FH� VL
�Z� GROQHM�
F]
�FL�RNQD�� 
 3R�ZSLVDQLX�GDQ\FK�RUD]�NOLNQL
FLX�SU]\FLVNX�Ä2.´��Z�RNQLH�SRMDZLDM�� VL
�ZDUWR�FL�
FKDUDNWHU\]XM�FH�WHRUHW\F]Q\�MHGQRVWRSQLRZ\�RELHJ�FKáRGQLF]\� 
 

 
 

Rys. 4.5� 2NQR PRGXáX Ä7HRUHW\F]Q\ RELHJ MHGQRVWRSQLRZ\´� 
 
•�2EOLF]HQLD�WHUPRG\QDPLF]Q\FK�SDUDPHWUyZ�SUDF\�VSU
*DUNL 
 

:� REOLF]HQLDFK� RELHJyZ� FKáRGQLF]\FK� ]D� QDMEDUG]LHM� SUREOHPDW\F]QH� QDOH*\� X]QDü�
wyznaczenie podstawowych parametrów termodynamicznych opLVXM�F\FK� SUDF
� VSU
*DUNL��
:\QLND� WR� VW�G��*H� SUDFD� WHM�PDV]\Q\�RGE\ZD� VL
�Z�REV]DU]H�SDU\�SU]HJU]DQHM�� D� UyZQDQLD�
RSLVXM�FH�VWDQ�SDU\�QDOH*��GR�EDUG]R�]áR*RQ\FK��QD�FR�ZVND]DQR�SRZ\*HM�� 
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Rys. 4.6� ,]HQWURSRZ\ SURFHV VSU
*DQLD Z XNáDG]LH ZVSyáU]
GQ\FK FL�QLHQLH-entalpia. 

S

K

�

�
�

�

S

S
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R

W�

W�

[
�

 
Rys. 4.7� 7HRUHW\F]Q\ MHGQRVWRSQLRZ\ RELHJ FKáRGQLF]\ Z XNáDG]LH ZVSyáU]
GQ\FK FL�QLHQLH-entalpia. 

 
3URFHV�VSU
*DQLD�Z�XNáDG]LH�ZVSyáU]
GQ\FK�FL�QLHQLH-HQWDOSLD�ZáD�FLZD�SRkazano na 

5\V�� ����� 6WDQ� F]\QQLND� QD� VVDQLX� R]QDF]RQ\� SXQNWHP� Ä�´� RNUH�ORQ\� MHVW� MHGQR]QDF]QLH�
SRSU]H]�SRGDQLH�ZDUWR�FL�FL�QLHQLD�VVDQLD�p1 oraz temperatury t1 zasysanej pary. Na podstawie 
W\FK� GDQ\FK� PR*QD� ]� UyZQDQLD� ���� OXE� ����� GURJ�� UR]ZL�]DQLD� QXPHU\F]QHJR�� Z\]QDF]\ü�

ZDUWR�FL� SR]RVWDá\FK� SDUDPHWUyZ� WHUPRG\QDPLF]Q\FK� RSLVXM�F\FK� VWDQ� ]DV\VDQHM� SDU\��
J
VWR�FL�ρ1��HQWDOSLL�ZáD�FLZHM�h1�RUD]�HQWURSLL�ZáD�FLZHM�s1. 

=�QXPHU\F]QHJR�SXQNWX�ZLG]HQLD�QDMWUXGQLHMV]H�MHVW�RNUH�OHQLH�VWDQX�SDU\�SU]HJU]DQHM�
Z\WáDF]DQHM� ]H� VSU
*DUNL�� 6WDQ� F]\QQLND� Z\WáDF]DQHJR� ]H� VSU
*DUNL� R]QDF]RQR� QD� 5\V�� ����
SXQNWHP�Ä�´��:�REOLF]HQLDFK�WHRUHW\F]QHJR�RELHJX�FKáRGQLF]HJR�]D]Z\F]DM�SU]\MPXMHP\��*H�
SURFHV� VSU
*DQLD� ]DFKRG]L� L]HQWURSRZR�� ]DWHP� VSHáQLRQ\� MHVW�ZDUXQHN��s1 =  s2��=DNáDGDP\ 
SRQDGWR�� *H� FL�QLHQLH� WáRF]HQLD� MHVW� ]DGDQH� L� Z\QRVL� p2. Stan termodynamiczny pary 
RSXV]F]DM�FHM�VSU
*DUN
�RNUH�ORQ\�MHVW�]DWHP�QDVW
SXM�F\P�XNáDGHP�UyZQD�� 

 
( ) 122 sT,s =ρ ,                                                      (12) 
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( ) 222 pT,p =ρ .                                                     (13) 
 
=ZL�]HN������X]\VNDQR�]�UyZQDQLD�������]D��]ZL�]HN������]�UyZQDQLD������8NáDG�UyZQD�������
L������QDOH*\�UR]ZL�]Dü�QXPHU\F]QLH�]H�Z]JO
GX�QD�J
VWR�ü�SDU\�ρ2�RUD]�MHM�WHPSHUDWXU
�T2 . 
Na teM�SRGVWDZLH�PR*QD�]D�SRPRF�� UyZQD�� ����RUD]�����REOLF]\ü�ZDUWR�ü�HQWDOSLL�ZáD�FLZHM�
pary h2�� :� WHQ� VSRVyE� SURFHV� VSU
*DQLD� SDU\� ]RVWDá� RSLVDQ\� SRSU]H]� NRPSOHW� SDUDPHWUyZ�

WHUPRG\QDPLF]Q\FK�SRGDQ\FK�GOD�SXQNWX�VVDQLD�RUD]�WáRF]HQLD�VSU
*DUNL� 
 
• Obliczenia pDUDPHWUyZ�RELHJX�FKáRGQLF]HJR 
 
'R�SRGVWDZRZ\FK�SDUDPHWUyZ�MHGQRVWRSQLRZHJR�RELHJX�FKáRGQLF]HJR��5\V�������QDOH*�� 
a) FL�QLHQLH�SDURZDQLD�po –�RNUH�ORQH�MDNR�IXQNFMD�]DGDQHM�WHPSHUDWXU\�SDURZDQLD� 
b) FL�QLHQLH�VNUDSODQLD�pk -�RNUH�ORQH�MDNR�IXQNFMD�]DGDQHM�WHPSHUatury skraplania, 
c) REM
WR�ü� ZáD�FLZD� SDU\� QD� VVDQLX� v1 –� REOLF]RQD� QXPHU\F]QLH� ZHGáXJ� REMD�QLRQHM�

SRZ\*HM�SURFHGXU\� 
d) WHPSHUDWXUD�WáRF]HQLD�t2 –�REOLF]RQD�QXPHU\F]QLH�ZHGáXJ�REMD�QLRQHM�SRZ\*HM�SURFHGXU\� 
e) HQWDOSLH�ZáD�FLZH�QD�VVDQLX�h1� L� WáRF]HQLX�h2�VSU
*DUki –�REOLF]RQH�QXPHU\F]QLH�ZHGáXJ�

REMD�QLRQHM�SRZ\*HM�SURFHGXU\� 
f) HQWDOSLD�ZáD�FLZD�FLHF]\�Z\Sá\ZDM�FHM�]H�VNUDSODF]D�h3 (stan oznaczony punktem „3”) i 

SDU\�PRNUHM�RSXV]F]DM�FHM�]DZyU�UR]SU
*Q\�h4 (stan oznaczony punktem „4”), 
g) VWRSLH��VXFKR�FL�SDU\�PRNUHM�]D�]DZRUHP�UR]SU
*Q\P��REOLF]RQ\�]�UyZQDQLD� 
 

fg

14
4 h

hh
1x

−
−= ,                                                    (14) 

 
h) MHGQRVWNRZD�Z\GDMQR�ü�FKáRGQLF]D� 

41o hhq −= ,                                                        (15) 

i) jednostkowD�Z\GDMQR�ü�FLHSOQD�VNUDSODF]D� 
 

32k hhq −= ,                                                        (16) 

 
j) MHGQRVWNRZD�WHFKQLF]QD�SUDFD�VSU
*DQLD� 

 

12t hhl −= ,                                                        (17) 

 
k) VWUXPLH��PDV\�F]\QQLND�GOD�]DGDQHM�Z\GDMQR�FL�FKáRGQLF]HM� 

 

oo qQm �� = ,                                                        (18) 

 
l) Z\GDMQR�ü�REM
WR�FLRZD�VSU
*DUNL� 

λ1t vmV ⋅= ��                                                         (19) 

 
m) tHRUHW\F]QD�PRF�QDS
GRZD�VSU
*DUNL� 
 

tt lmP ⋅= � ,                                                         (20) 
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n) Z\GDMQR�ü�FLHSOQD�VNUDSODF]D� 
 

kk qmQ ⋅= �� ,                                                        (21) 

 
o) ZVSyáF]\QQLN�Z\GDMQR�FL�FKáRGQLF]HM� 
 

to PQCOP �= .                                                     (22) 

5. PROGRAM PROBLEMS 
 

Program o nazwie PROBLEMS� ]DZLHUD� PRGXá\� REHMPXM�FH� Z\EUDQH� ]DJDGQLHQLD�
Z\PLDQ\�FLHSáD�L�RSRUyZ�SU]HSá\ZX��GRW\F]�FH�DPRQLDNDOQ\FK�XU]�G]H��FKáRGQLF]\FK�� 

 

 
Rys. 5.1. 2NQR JáyZQH SURJUDPX PROBLEMS. 

 
Rys. 5.2. 3U]\NáDGRZH RNQR PRGXáX SURJUDPX PROBLEMS GRW\F]�FHJR 3UREOHPX �� 
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8M
WH� Z� RSURJUDPRZDQLX� SUREOHP\� REOLF]HQLRZH� ]RVWDá\� ]DF]HUSQL
WH� ]� NVL�*NL�
Ä$PRQLDNDOQH� XU]�G]HQLD� FKáRGQLF]H�� 7RP� �´� >��@�� Z� NWyUHM� ]DJDGQLHQLD� WH� ]RVWDá\�

RPyZLRQH� Z� VSRVyE� Z\F]HUSXM�F\�� :DUWR� SRGNUH�OLü�� *H� ]QDF]QD� F]
�ü� W\FK� ]DJDGQLH��
Z\PDJD�RSURZDG]HQLD�QLHNLHG\�*PXGQ\FK�REOLF]H���ZVSDUW\FK�NRQLHF]QR�FL��RGF]\W\ZDQLD�
ZáDVQR�FL� WHUPRG\QDPLF]Q\FK� L� WHUPRNLQHW\F]Q\FK� DPRQLDNX�� ZRG\� E�G(� SRZLHWU]D�

ZLOJRWQHJR�� OXE� WH*� RGF]\W\ZDQLD� ZDUWR�FL� ]� ]DPLHV]F]RQ\FK� Z\NUHVyZ�� 3URJUDP�

PROBLEMS� XPR*OLZLD� SUDNW\F]QH�Z\NRU]\VWDQLH� W\FK� SU]\NáDGyZ�� SRQLHZD*� X*\WNRZQLN�
PR*H� Z� VSRVyE� V]\ENL� L� GRNáDGQ\� SU]HDQDOL]RZDü� ZSá\Z� SDUDPHWUyZ� WHUPLF]Q\FK� E�G(�
geometrycznych na procesy cieplno-SU]HSá\ZRZH�]DFKRG]�FH�Z�DPRQLDNDOQ\FK�XU]�G]HQLDFK�
FKáRGQLF]\FK�� 

2NQR�JáyZQH�SURJUDPX�PROBLEMS pokazano na Rys. 5.1. Widoczna jest na nim lista 
SUREOHPyZ� REOLF]HQLRZ\FK�� ]� NWyUHM� Z� áDWZ\� VSRVyE� PR*QD� GRNRQDü� Z\ERUX� ]DJDGQLHQLD�
LQWHUHVXM�FHJR� X*\WNRZQLND�� 3U]\NáDGRZH�RNQR�PRGXáX� SURJUDPX�GRW\F]�FHJR�Problemu 3 
pokazano na Rys. 5.2. 

:�QLQLHMV]\P�RSUDFRZDQLX�]DPLHV]F]RQR�MHG\QLH�WUH�FL�XM
W\FK�Z�SURJUDPLH�SUREOHPyZ�

REOLF]HQLRZ\FK�� &]\WHOQLND� FKF�FHJR� X]\VNDü� V]F]HJyáRZH� LQIRUPDFMH� GRW\F]�FH� VSRVREX�
UR]ZL�]\ZDQLD� SRV]F]HJyOQ\FK� ]DJDGQLH�� RUD]� X*\ZDQ\FK� Z� REOLF]HQLDFK� ]DOH*QR�FL�
RGV\áDP\�GR�ZVSRPQLDQHM�Z\*HM�NVL�*NL�>��@� 
 
�����:\ND]�SUREOHPyZ�REOLF]HQLRZ\FK�XM
W\FK�Z�SURJUDPLH�352%/(06 
 
Problem 1.  
ObliczanLH� FDáNRZLWHM� GáXJR�FL� UXU� SáDV]F]RZR-UXURZHJR� Z\PLHQQLND� FLHSáD� GOD�

QDVW
SXM�F\FK�GDQ\FK� 
• UXU\�Z\PLHQQLND�Z\NRQDQH�V��]H�VWDOL�R�ZVSyáF]\QQLNX�SU]HZRG]HQLD�FLHSáD�λ, 
• �UHGQLFD�]eZQ
WU]QD�UXU�Z\QRVL�Do, 
• JUXER�ü��FLDQHN�UXU�Z\QRVL�δ, 
• QD� ]HZQ�WU]� SRZLHU]FKQL� UXU� VNUDSOD� VL
� SDUD� QDV\FRQD� F]\QQLND� FKáRGQLF]HJR� L�

ZVSyáF]\QQLN�ZQLNDQLD�FLHSáD�Z\QRVL�αo, 
• ZHZQ�WU]� UXU� Sá\QLH� ZRGD� FKáRG]�FD� L� ZVSyáF]\QQLN� ZQLNDQLD� FLHSáD� NV]WDáWXMH� VL
� QD�

poziomie αoi, 
• Z\GDMQR�ü�FLHSOQD�Z\PLHQQLND�Z\QRVL�Q� , 

• �UHGQLD�Uy*QLFD�WHPSHUDWXU�SRPL
G]\�SDU��L�ZRG��FKáRG]�F��Z\QRVL�∆T, 
• RSyU�SU]HZRG]HQLD�FLHSáD�SU]H]�ZDUVWZ
�RVDGyZ�SR�VWURQLH�ZRG\�FKáRG]�FHM�Z\QRVL�Rti. 
 
:\NRU]\VW\ZDQH�]DOH*QR�FL� 
:DUWR�ü�ZVSyáF]\QQLND�SU]HQLNDQLD�FLHSáD�RGQLHVLRQHJR�GR��PE�UXU\� 







⋅+++
=

Km

W

D

1

D

R

D

D
ln

2

1

D

1
k

iii

ti

i

o

oo

L

αλα

π
,                      (5.1.1) 

gdzie: Do oraz Di�V��RGSRZLHGQLR���UHGQLF��]HZQ
WU]Q��RUD]�ZHZQ
WU]Q��UXU\�>P@��Rti to opory 
FLHSOQH�ZDUVWZ�SRáR*RQ\FK�RGSRZLHGQLR�QD�]HZQ�WU]�RUD]�ZHZQ�WU]�UXU\�>�P2⋅K)/W], αo oraz 
αi� WR� ZVSyáF]\QQLNL� ZQLNDQLD� FLHSáD� RGSRZLHGQLR� QD� ]HZQ�WU]� RUD]� ZHZQ�WU]� UXU\�
[W/(m2⋅K)]. 
6WUXPLH��FLHSáD�SU]HND]\ZDQ\�SRSU]H]�UXU
�Z\PLHQQLND� 

( ) [ ]WTTLkQ 2f1fL −=� ,                                        (5.1.2) 

gdzie: L�MHVW�GáXJR�FL��UXU\�Z\PLHQQLND�>P@� 
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Problem 2. 
Obliczanie wyPDJDQHJR� SROD� SRZLHU]FKQL� Z\PLDQ\� FLHSáD� VNUDSODF]D� GOD� QDVW
SXM�cych 
]DGDQ\FK�ZLHONR�FL� 
• Z\GDMQR�FL�FLHSOQHM�Q� , 

• temperatury wody na wlocie twi, 
• SRGJU]HZX�ZRG\�FKáRG]�FHM�∆Tw, 
• temperatury skraplania tk,  
• ZVSyáF]\QQLND�SU]HQLNDQLD�FLHSáD�k.  
 
:\NRU]\VW\ZDQH�]DOH*QR�FL� 
/RJDU\WPLF]QD�Uy*QLFD�WHPSHUDWXU� 
 

]K[

TTT

TT
ln

T
T

w1wk

1wk

w
log

∆

∆
∆

+−
−

= ,                                            (5.2.1) 

gdzie: Tw1 - temperatura wody na wlocie do skraplacza, Tw2 - temperatura wody na wylocie ze 
skraplacza, Tk - temperatura skraplania. 
3ROH�SRZLHU]FKQL�Z\PLDQ\�FLHSáD� 

[ ]2

log

m
Tk

Q
A

∆
�

= .                                                    (5.2.2) 

 
Problem 3. 
2EOLF]DQLH�Z\PDJDQHJR�SROD�SRZLHU]FKQL�Z\PLDQ\�FLHSáD�NU]\*RZRSU�GRZHJR�Z\PLHQQLND�

FLHSáD�R�SRGDQHM�NRQILJXUDFML��SDWU]�5\V�������GOD�QDVW
SXM�F\FK�GDQ\FK� 
• WHPSHUDWXU\�F]\QQLND�FLHSOHMV]HJR�QD�ZORFLH�L�Z\ORFLH�Z\QLRV��RGSRZLHGQLR�  t1,1 oraz t1,2,  
• WHPSHUDWXU\� F]\QQLND� ]LPQLHMV]HJR� QD� ZORFLH� L� Z\ORFLH� Z\QRV]�� RGSRZLHGQLR�� t2,1 oraz  

t2,2, 
• ZVSyáF]\QQLN�SU]HQLNDQLD�FLHSáD�Z\QRVL�k, 
• Z\GDMQR�ü�FLHSOQD�Z\QRVL�Q� . 

 
Rys. 5.3.:\NUHV GR REOLF]DQLD �UHGQLHM Uy*QLF\ WHPSHUDWXU SU]\ SU]HSá\ZLH NU]\*RZR-SU�GRZ\P� 
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:\NRU]\VW\ZDQH�]DOH*QR�FL� 
'OD�SRND]DQHM�QD�5\V������NRQILJXUDFML�Z\PLHQQLND���UHGQLD�Uy*QLFD�WHPSHUDWXU�Z\QRVL� 

( ) ]K[ttT 1,21,1 −= ζ∆ ,                                                 (5.3.1) 

JG]LH�SDUDPHWU\�SRPRFQLF]H�]GHILQLRZDQR�QDVW
SXM�FR� 

1,21,1

2,11,1

tt

tt

−
−

=ξ ,                                                             (5.3.2) 

1,21,1

1,22,2

tt

tt

−
−

=η .                                                             (5.3.3) 

3ROH�SRZLHU]FKQL�Z\PLDQ\�FLHSáD� 

[ ]2m
Tk

Q
A

∆
�

= .                                                    (5.3.4) 

 
Problem 4. 
2EOLF]DQLH�VSDGNX�FL�QLHQLD�SU]\�SU]HSá\ZLH�ZRG\�Z�UXU]H�GOD�QDVW
SXM�F\FK�GDQ\FK� 
• �UHGQLD�WHPSHUDWXUD�ZRG\�Z\QRVL�t, 
• SU
GNR�ü�SU]HSá\ZX�ZRG\�w, 
• �UHGQLFD�ZHZQ
WU]QD�UXU\�Z\QRVL�D, 
• GáXJR�ü�UXU\�Z\QRVL�L, 
• LOR�ü�NRODQHN�E�G(�áXNyZ�Z\QRVL�n, 
• N�W�JL
FLD�áXNX�E�G(�NRODQND�Z\QRVL�α, 
• SURPLH��JL
FLD�áuku lub kolanka wynosi R, 
• UXU\�V��K\GUDXOLF]QLH�JáDGNLH� 
 
:\NRU]\VW\ZDQH�]DOH*QR�FL� 
6SDGHN�FL�QLHQLD�QD�HOHPHQWDFK�SURVWROLQLRZ\FK�-�]DOH*QR�ü�'DUF\¶HJR�L�:HLVEDFKD� 

]Pa[w
D

L
f

2

1
p 2ρ∆ = ,                                        (5.4.1) 

 
gdzie: f -�ZVSyáczynnik oporów liniowych (bezwymiarowy), L –�GáXJR�ü�SU]HZRGX�>P@��D – 
�UHGQLFD�SU]HZRGX�>P@��ρ -�J
VWR�ü�>NJ�P3], w –�SU
GNR�ü�SU]HSá\ZX�>P�V@�� 
:�]DNUHVLH�SU]HSá\ZyZ�ODPLQDUQ\FK� 

Re

64
f = ,                                                         (5.4.2) 

gdzie liczba Reynoldsa: 

ν
wD

Re= ,                                                        (5.4.3) 

ν –�OHSNR�ü�NLQHPDW\F]QD�>P
2/s]. 

:�SU]\SDGNX�SU]HSá\ZX� WXUEXOHQWQHJR� ��������Re < 100 000 ) w rurach hydraulicznie 
JáDGNLFK�- zale*QR�ü�HPSLU\F]QD�%ODVLXVD� 

 
25.0Re3164.0f −= .                                              (5.4.4) 

'OD�UXU�K\GUDXOLF]QLH�JáDGNLFK�RUD]�GOD�5H�!���������- wzór Nikuradsego: 
 

237.0Re221.00032.0f −+= .                                     (5.4.5) 
Spadek FL�QLHQLD�SU]H]�HOHPHQW\�DUPDWXU\��NRODQD��]Z
*NL�LWS�� 
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]Pa[w
2

1
p 2ζρ∆ = ,                                             (5.4.6) 

gdzie: ζ��MHVW�EH]Z\PLDURZ\P�ZVSyáF]\QQLNLHP�PLHMVFRZHJR�RSRUX�SU]HSá\ZX� 
 

Problem 5. 
2V]DFRZDQLH� ZDUWR�FL� ZVSyáF]\QQLND� ZQLNDQLD� FLHSáD� RUD]� VSDGNX� FL�QLHQLD� SU]\�

WXUEXOHQWQ\P�SU]HSá\ZLH�ZRG\�GOD�QDVW
SXM�F\FK�GDQ\FK� 
• VWUXPLH��REM
WR�FL�ZRG\�Z\QRVL�V� , 
• �UHGQLD�WHPSHUDWXUD�ZRG\�Z\QRVL�t, 
• �UHGQLFD�ZHZQ
WU]QD�UXU�Z\PLHQQLND�Z\QRVL�D, 
• GáXJR�ü�UXU�Z\QRVL�L (muVL�E\ü�VSHáQLRQ\�ZDUXQHN��L/D > 60), 
• Z\VRNR�ü�QLHUyZQR�FL�SRZLHU]FKQL�ZHZQ
WU]QHM�UXU\�Z\QRVL�δ . 
 
:\NRU]\VW\ZDQH�]DOH*QR�FL� 
3U
GNR�ü�SU]HSá\ZX� 

2
iD

V4
w

�

π
=                                                           (5.5.1) 

6SDGHN�FL�QLHQLD�QD�Hlementach prostoliniowych -�]DOH*QR�ü�'DUF\¶HJR�L�:HLVEDFKD� 
 

]Pa[w
D

L
f

2

1
p 2ρ∆ = ,                                        (5.5.2) 

gdzie: f -�ZVSyáF]\QQLN�RSRUyZ�OLQLRZ\FK��EH]Z\PLDURZ\���L –�GáXJR�ü�SU]HZRGX�>P@��D – 
�UHGQLFD�SU]HZRGX�>P@��ρ -�J
VWR�ü�[kg/m3], w –�SU
GNR�ü�SU]HSá\ZX�>P�V@�� 
Liczba Reynoldsa: 

ν
wD

Re= ,                                                         (5.5.3) 

ν –�OHSNR�ü�NLQHPDW\F]QD�>P
2/s]. 

:�SU]\SDGNX�SU]HSá\ZX� WXUEXOHQWQHJR� ��������Re < 100 000 ) w rurach hydraulicznie 
JáDGNLFK�-�]DOH*QR�ü�HPSLU\F]QD�%ODVLXVD� 

 
25.0Re3164.0f −= .                                                (5.5.4) 

'OD�UXU�K\GUDXOLF]QLH�JáDGNLFK�RUD]�GOD�5H�!���������- wzór Nikuradsego: 
 

237.0Re221.00032.0f −+= .                                      (5.5.5) 
Krytyczna liczba Reynoldsa –�XWUDWD�JáDGNR�FL�K\GUDXOLF]QHM�UXU\� 

 

( ) 143.11cr
D

9.26
Re

δ
= ,                                                 (5.5.6) 

gdzie: δ�MHVW��UHGQL��Z\VRNR�FL��QLHUyZQR�FL�SRZLHU]FKQL�ZHZQ
WU]QHM�UXU\�>P@�R��UHGQLF\�D 
[m]. Dla Re > Recr1�ZVSyáF]\QQLN�RSRUyZ�OLQLRZ\FK� 

 
2

D

Re
lg42.1f

−







=

δ
.                                              (5.5.7) 

Krytyczna liczba Reynoldsa –�RSRU\�]DOH*��W\ONR�RG�FKURSRZDWR�FL�� 
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( )
D

Dlg2.3826.271
Re 2cr δ

δ−= ,                                     (5.5.8) 

Dla Re > Recr2�ZVSyáF]\QQLN�RSRUyZ�OLQLRZ\FK� 
 

2

D

7.3
lg2

1
f







=

δ

.                                                     (5.5.9) 

:QLNDQLH� FLHSáD� GOD� UR]ZLQL
WHJR� SU]HSá\ZX� WXUEXOHQWQHJR� RSLVXMH� ]DOH*QR�ü� 'LWWXVD� L�
Boeltera: 

25.0

w

n80.0 PrRe023.0Nu 





=

µ
µ

,                                      (5.5.10) 

'OD�FKáRG]HQLD�Sá\QX�n = 0.30, dla ogrzewania n = 0.40. 
Liczba Nusselta  

λ
αD

Nu = .                                                        (5.5.12) 

Liczba Prandtla: 

λ
µ pc

Pr = .                                                       (5.5.12) 

:�SRZ\*V]\FK�Z]RUDFK� SU]\M
WR� QDVW
SXM�FH� R]QDF]HQLD��w -� SU
GNR�ü� >P�V@��D -� �UHGQLFD�
ZHZQ
WU]QD� UXU\� >P@�� ν -� OHSNR�ü� NLQHPDW\F]QD� >P

2/s], α -� ZVSyáF]\QQLN� ZQLNDQLD� FLHSáD�
[W/(m2⋅K)], λ - wspyáF]\QQLN�SU]HZRG]HQLD�FLHSáD�>:��P⋅K)], µ -�OHSNR�ü�G\QDPLF]QD�>3D⋅s] 
(indeks „w” –�GOD�WHPSHUDWXU\��FLDQNL�UXU\��� 
 
Problem 6. 
2V]DFRZDQLH�ZDUWR�FL�ZVSyáF]\QQLND�SU]HQLNDQLD�FLHSáD�SDURZQLND�SáDV]F]RZR-rurowego, w 
NWyU\P�Z�SU]HVWU]HQL�PL
G]\UXURZHM�ZU]H�DPRQLDN��]D��ZHZQ�WU]�UXU�Sá\QLH�VRODQND��'DQH�V��
QDVW
SXM�FH� 
• temperatura parowania wynosi to,   
• �UHGQLD�WHPSHUDWXUD�VRODQNL�ts, 
• VWDORZH�UXU\�SDURZQLND�SRVLDGDM��ZVSyáF]\QQLN�SU]HZRG]HQLD�FLHSáD�λ, 
• �UHGQLFD�ZHZQ
WU]QD�UXU�Z\QRVL�Di, 
• JUXER�ü��FLDQHN�UXU�Z\nosi δ, 
• ZVSyáF]\QQLN�ZQLNDQLD�FLeSáD�SR�VWURQLH�VRODQNL�UyZQ\�MHVW�α, 
• LOR�ü�U]
GyZ�UXU�Z�SLRQLH�Z\QRVL�RG���GR���� 
 
:\NRU]\VW\ZDQH�]DOH*QR�FL� 
:VSyáF]\QQLN�SU]HQLNDQLD�FLHSáD�RGQLHVLRQ\�GR���P

2 powierzchni rur parownika: 







⋅++
==

Km

W

D

D

D

D
ln

2

D1

1

D

k
k

2

ii

o

i

oo

o

o

L

αλα
π

,                                   (5.6.1) 

gdzie: δ2DD io += . Oznaczenie pomocnicze: 

ii

o

i

oo

D

D

D

D
ln

2

D
R

αλ
+= .                                                    (5.6.2) 

L�Z]yU�QD�ZVSyáF]\QQLN�SU]HQLNDQLD�FLHSáD�SU]\ELHUD�SRVWDü� 
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





⋅+
=

Km

W

R
1

1
k

2

oα

.                                                 (5.6.3) 

*
VWR�ü�VWUXPLHQLD�FLHSáD� 







+
⋅

=
2

n

m

W

R
qC

1
T

q
∆

,                                                 (5.6.4) 

gdzie: C, n  -�VWDáH�� 
 
Problem 7. 
2EOLF]DQLH�ZVSyáF]\QQLND�ZQLNDQLD�FLHSáD�RUD]�VSDGNX�FL�Qienia podczas wrzenia amoniaku 
Z�SDURZQLNX�SUDFXM�F\P�Z�XNáDG]LH�SRPSRZ\P�GOD�QDVW
SXM�F\FK�GDQ\FK� 
• temperatura parowania wynosi to,   
• ZLHORNURWQR�ü�F\UNXODFML�Z\QRVL�n, 
• �UHGQLFD�ZHZQ
WU]QD�UXU�Z\QRVL�Di, 
• GáXJR�ü�UXU�Z
*RZQLF\�SDURZQLND�Z\QRVL�L,  
• J
VWR�ü�VWUXPLHQLD�PDV\�DPRQLDNX�RVL�JD�ZDUWR�ü� Am� , 

• UXU\�V��K\GUDXOLF]QLH�JáDGNLH� 
• LOR�ü�NRODQHN�Z
*RZQLF\�Z\QRVL�i, 
• SURPLH��JL
FLD�NRODQHN�Z\QRVL�R. 
 
:\NRU]\VW\ZDQH�]DOH*QR�FL� 
:VSyáF]\QQLN�ZQLNDQLD�FLHSáD�– równanie Paliwody: 
 

( )






⋅⋅

−
=

Km

W
m

D

L
T

xxh

4

1
2A

iofg
�

∆
α ,                                     (5.7.1) 

gdzie: hfg – entalpia parowania [J/kg], ∆T –�Uy*QLFD�WHPSHUDWXU�ZU]�FHM�FLHF]\�L��FLDQNL�UXU\�
[K], L –�GáXJR�ü�UXU\�>P@��D –��UHGQLFD�ZHZQ
WU]QD�UXU\�>P@��xi –�VWRSLH��VXFKR�FL�QD�ZORFLH�
do parownika, xo -� �VWRSLH��VXFKR�FL�QD�Z\ORFLH�]�SDURZQLND�� Am

�
 -�J
VWR�ü�VWUXPLHQLD�PDV\�

czynnika [kg/(m2⋅s)].  
�UHGQLD�ZDUWR�ü�Uy*QLF\�WHPSHUDWXU� 

( ) [ ]K
L

xxhD
BT

5.0

iofg







 −
=

λ
µ∆ ,                                     (5.7.2) 

gdzie: µ -� OHSNR�ü� G\QDPLF]QD� FLHNáHJR� DPRQLDNX� >3D⋅s],  λ -�ZVSyáF]\QQLN� SU]HZRG]HQLD�
FLHSáD�FLHNáHJR�DPRQLDNX�>:��P⋅K)], B –�ZVSyáF]\QQLN�HNVSHU\PHQWDOQ\ 
0QR*QLN�GZXID]RZ\�RSRUyZ�SU]HSá\ZX�– równanie Paliwody:  
 

( ) ( )[ ]ΘΘ
∆
∆

β −+−+== 1xC2x1x
p

p 333.0277.2

GO

TP
��� ,                                 (5.7.3) 

gdzie: ∆pTP –�VSDGHN�FL�QLHQLD�Z�SU]HSá\ZLH�GZXID]RZ\P�>3D@��∆pGO –�VSDGHN�FL�QLHQLD�SU]\�
SU]HSá\ZLH� SDU\� VXFKHM� QDV\FRQHM� R� VWUXPLHQLX� PDV\� RGSRZLDGDM�F\P� DQDOL]RZDQHPX�

SU]HSá\ZRZL�GZXID]RZHPX�>3D@�� x
�
-�G\QDPLF]Q\�VWRSLH��VXFKR�FL� 

lG

G

mm

m
x

��

�

�

+
= ,                                                      (5.7.4) 
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gdzie: Gm
�

 -� J
VWR�ü� VWUXPLHQLD� PDV\� ID]\� SDURZHM� >NJ��P
2⋅s)], Lm

�
-� J
VWR�ü� VWUXPLHQLD�

PDV\�ID]\�FLHNáHM�>NJ��P
2⋅s)], C –�ZVSyáF]\QQLN�NRUHODF\MQ\�RSRUyZ�SU]HSá\ZX�Z�HOHPHQFLH�

DUPDWXURZ\P��GOD�SU]HSá\ZyZ�MHGQRVNáDGQLNRZ\FK��� GOLO mm
��

= . 
6WRVXQHN�VSDGNyZ�FL�QLHQLD� 

GO

LO

p

p

∆
∆

Θ = ,                                                         (5.7.5) 

gdzie: ∆pLO oraz ∆pGO� V�� VSDGNDPL� FL�QLHQLD� SU]\� SU]HSá\ZLH� FLHF]\� QDV\FRQHM� �/�� OXE�
RGSRZLHGQLR�SDU\�VXFKHM�QDV\FRQHM��*��R�VWUXPLHQLX�PDV\�RGSRZLDGDM�F\P�DQDOL]RZDQHPX�

SU]HSá\ZRZL�GZXID]RZHPX�>3D@� 
=DOH*QR�FL�QD�VWRVXQHN�Θ:  
D��RELH�ID]\�V��WXUEXOHQWQH��������ReL <107, 940 < ReG <107: 

 

ρ
ρΘ

′
′′



















=

2

9.0
LO

9.0
GO

tt

Re

74.5
lg

Re

74.5
lg

;                                            (5.7.6a) 

E�� ID]D� FLHNáD� MHVW� ODPLQDUQD�� ���� �� ReLO� ������ ]D�� ID]D� JD]RZD� MHVW� WXUEXOHQWQD�� 
      940 < ReGO <107: 

ρ
ρΘ

′
′′











=

2

9.0
GOLO

lt
Re

74.5
lg

Re

256 ;                                     (5.7.6b) 

F��RELH�ID]\�V��ODPLQDUQH��������ReLO <940, 100 < ReGO <940: 
 

ρ
ρΘ

′
′′

=
LO

GO
ll Re

Re
;                                                  (5.7.6c) 

G��ID]D�FLHNáD�MHVW�WXUEXOHQWQD��������ReLO <107
��]D��ID]D�JD]RZD�ODPLQDUQD��������ReLO <940:  

 

ρ
ρΘ

′
′′











=

2

9.0
GO

GO
tl

Re

74.5
lg

256

Re
.                                 (5.7.6d) 

�UHGQLD�ZDUWR�ü�PQR*QLND�SU]HSá\ZX�GZXID]RZHJR� 
 

∫−
=

o

i

x

xio

xd
xx

1 �

�

�

��

ββ                                          (5.7.7) 

:VSyáF]\QQLN�&�GOD�HOHPHQWyZ�DUPDWXURZ\FK�PLHV]DM�F\FK� 
 

18.0435.01C ζ−= ,                                             (5.7.8) 

gdzie ζ�MHVW�ZVSyáF]\QQLNLHP�PLHMVFRZHJR�RSRUX�SU]HSá\ZX� 
:VSyáF]\QQLN�&�GOD�HOHPHQWyZ�DUPDWXURZ\FK�PLHV]DM�F\FK� 

 
2

R

d

360
82.01C 





+= Φ

,                                           (5.7.9) 

gdzie Φ�MHVW�N�WHP�]ZLQL
FLD�áXNX��PLHU]RQ\P�Z�VWRSQLDFK���d�MHVW��UHGQLF��ZHZQ
WU]Q��>P@��

]D��R promieniem zakrzywienia [m].  
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Problem 8. 
2V]DFRZDQLH� ZDUWR�FL� ZVSyáF]\QQLND� REHM�FLD� GOD� FKáRGQLF\� SRZLHWU]D� VNáDGDM�FHM� VL
� ]�
S
F]ND�JáDGNLFK�UXU�VWDORZ\FK�GOD�QDVW
SXM�F\ch danych: 
• �UHGQLFD�ZHZQ
WU]QD�UXU�Z\QRVL�Di, 
• XNáDG� UXU� V]HUHJRZ\� OXE� SU]HVWDZQ\� R� UR]VWDZLH� UXU� Z� NLHUXQNX� Z]GáX*Q\P� S1 a w 

kierunku poprzecznym S2, 
• �UHGQLD�WHmSHUDWXUD�SRZLHWU]D�Z�FKáRGQLF\�UyZQD�MHVW�ta. 
• SU
GNR�ü�SRZLHWU]D�Z�QDMPQLHMV]\P�SU]HNURMX�Z\QRVi  w, 
• OLF]ED�U]
GyZ�UXU�Z\QRVL�n, 
• FDáNRZLWH�SROH�SRZLHU]FKQL�Z\PLDQ\�FLHSáD�Z\QRVL�A, 
• VWUXPLH��REM
WR�FL�SRZLHWU]D�Z\QRVL�V� . 
 
:\NRU]\VW\ZDQH�]DOH*QR�FL� 
:VSyáF]\QQLN�REHM�FLD� 

w1

w3

tt

tt
BF

−
−

= .                                                     (5.8.1) 

gdzie: t1 –�WHPSHUDWXUD�SRZLHWU]D�SU]HG�FKáRGQLF���t3 –�WHPSHUDWXUD�SRZLHWU]D�]D�FKáRGQLF���tw 
–��UHGQLD�WHPSHUDWXUD��FLDQNL�� ( )31a tt5.0t += . 

=DOH*QR�ü�QD�ZVSyáF]\QQLN�REHM�FLD� 











−=

ppp

ff

Vc

A
expBF

�ρ
α

,                                             (5.8.2) 

gdzie: αf� MHVW� ZVSyáF]\QQLNLHP� ZQLNDQLD� FLHSáD� QD� SRZLHU]FKQL� FKáRGQLF\� >:��P
2⋅K)], Af 

SROHP� SRZLHU]FKQL� FKáRGQLF\� ZUD]� ]� *HEUDPL� >P
2], cp –MHVW� FLHSáHP�ZáD�FLZ\P� SRZLHWU]D�

[J/(kg⋅K)],  ρp -� J
VWR�FL�� SRZLHWU]D� >NJ�P3], pV� ]D�� MHVW� VWUXPLHQLHP� REM
WR�FL� SRZLHWU]D�

[m3/s]. 
�UHGQL�ZVSyáF]\QQLN�ZQLNDQLD�FLHSáD�GOD�FDáHM�FKáRGQLF\�–�Z]yU�*RáRJyUVNLHJR� 
 







⋅



















=

Km

WcDw
C

D 2

31

p

pp

n

p

pop

p λ
µ

µ
ρ

Ψ
λ

α ,                             (5.8.3) 

gdzie: λp-� ZVSyáF]\QQLN� SU]HZRG]HQLD� FLHSáD� Sowietrza [W/(m⋅K)], cp -FLHSáR� ZáD�FLZH�
powietrza [J/(kg⋅K)],  ρp -� J
VWR�ü� SRZLHWU]D� >NJ�P3], µp -� OHSNR�ü� G\QDPLF]QD� SRZLHWU]D�

[Pa⋅s], wo -� SU
GNR�ü� SU]HSá\ZX� SRZLHWU]D� Z� QDMPQLHMV]\P� SU]HNURMX� >P�V@�� D -� �UHGQLFD�
]HZQ
WU]QD�UXU\�>P@� 
:VSyáF]\QQLN�C dla XNáDGX�V]HUHJRZHJR�UXU� 
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q
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q
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
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
= ,               (5.8.4) 

oraz: n = 0.63352. 
'OD�SU]HVWDZQHJR�XNáDGX�UXU� 
 

06456.0
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qq

8556.9

l

q
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l
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q 1
D

S
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S
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
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,  (6.8.5) 

oraz: n = 0.56537. 
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Parametr Ψ� GOD� OLF]E\� U]
GyZ� UXU� ZL
NV]HM� OXE� UyZQHM� ��� SU]\MPXMH� ZDrWR�ü� ����� ]D� dla 
OLF]E\�U]
GyZ�UXU�N �����RERZL�]XMH�Z]yU� 

( ) 12.0N1.0 ⋅=Ψ .                                                (5.8.6) 
 
Problem 9. 
2V]DFRZDQLH�F]DVX�SRWU]HEQHJR�GR�]DPDU]QL
FLD�QD�UXUDFK�SDURZQLND�ZDUVWZ\�ORGX�ZRGQHJR�
GOD�QDVW
SXM�F\FK�]DGDQ\FK�ZDUWR�FL� 
• JUXER�ü�ZDUVWZ\�QDPDU]QL
WHJR�ORGX�Z\QRVL�δ, 
• WHPSHUDWXUD�SRF]�WNRZD�ZRG\�Z�]ELRUQLNX�Z\QRVL�t1, 
• �UHGQLFD�ZHZQ
WU]QD�VWDORZ\FK�UXU�SDURZQLND�Z\QRVL�Di, 
• �UHGQLFD�]HZQ
WU]QD�VWDORZ\FK�UXU�SDURZQLND�Z\QRVL�Do, 
• temperatura parowania równa jest to, 
• �UHGQLD�WHPSHUDWXUD�]HZQ
WU]QHM�SRZLHU]FKQL�UXU�SDURZQLND�UyZQD�MHVW�tw, 
• ZDUWR�ü�ZVSyáF]\QQLND�ZQLNDQLD�FLHSáD�SR�VWURQLH�ZU]�FHJR�Z�UXUDFK�DPRQLDNX�Z\QRVL�αi, 
• ZDUWR�ü�ZVSyáF]\QQLND�ZQLNDQLD�FLHSáD�SR�VWURQLH�RFKáDG]DQHM�ZRG\�Z\QRVL�αo, 
• pole powierzchni wymiany FLHSáD�SDURZQLND�UyZQH�MHVW�A, 
• REM
WR�ü�RFKáDG]DQHM�ZRG\�Z�]ELRUQLNX�Z\QRVL�V. 
 
:\NRU]\VW\ZDQH�]DOH*QR�FL� 
&]DV�VFKáRG]HQLD�ZRG\�RG�WHPSHUDWXU\�SRF]�WNRZHM�GR�WHPSHUDWXU\�]DPDU]DQLD� 
 

]h[
tt

tt
ln

A

cV

3600

1

pz

pw

oo

pwww

1 −
−

=
α

ρ
τ                                   (5.9.1) 

gdzie: ρw� MHVW� J
VWR�FL�� ZRG\� >NJ�P
3], Vw� MHVW� REM
WR�FL�� RFKáDG]DQHM� ZRG\� >P

3], cpw jest 
FLHSáHP�ZáD�FLZ\P�ZRG\�>-��NJ⋅K)], αo�MHVW�ZVSyáF]\QQLNLHP�ZQLNDQLD�FLHSáD�RG�VFKáDG]DQHM�

ZRG\�GR�SRZLHU]FKQL� UXU�FKáRGQLF\�>:��P
2⋅K)], Ao jest polem powierzchni wymiany cieSáD�

FKáRGQLF\�>P
2], tw�WHPSHUDWXU��SRF]�WNRZ��VFKáDG]DQHM�ZRG\�>°C], tz�WHPSHUDWXU��]DPDU]DQLD�

[°C], tp��UHGQL��WHPSHUDWXU��]HZQ
WU]QHM�SRZLHU]FKQL�UXU�FKáRGQLF\�>°C].  
&]DV�XWZRU]HQLD�VL
�QD�UXUDFK�SDURZQLND�ZDUVWZ\�ORGX�R�JUXER�FL�δ [m]: 
 

( )[ ]
( ) ]h[
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D
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2
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2
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D

tt

httc

14400

1 o
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
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−
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=
λ

ρ
τ ,      (5.9.2) 

 

]m[
D

D
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D
2DZ

i

o

t

l
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l
op 
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
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
+=
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,                                       (5.9.3) 

 

]m[
D

D
ln

D

D
ln

D
2DZ

o

z

i

o

t

l

ii

l
zk 








++=

λ
λ

α
λ

,                             (5.9.4) 

 
gdzie: ρl� MHVW� J
VWR�FL�� ORGX� >NJ�P

3], cpl MHVW� FLHSáHP� ZáD�FLZ\P� ORGX� >-��NJ⋅K)], αi jest 
ZVSyáF]\QQLNLHP� ZQLNDQLD� FLHSáD� ZHZQ�WU]� UXU� >:��P

2⋅K)], Di oraz Do to odpowiednio 
ZHZQ
WU]QD� L� ]HZQ
WU]QD� �UHGQLFD� UXU� SDURZQLND� >P@�� Dz� MHVW� ]HZQ
WU]Q�� �UHGQLF�� UXU\�
REáR*RQHM� ZDUVWZ�� ORGX� δ2DD oz += [m], λt oraz λl� MHVW� ZVSyáF]\QQLNLHP� SU]HZRG]HQLD 

FLHSáD�RGSRZLHGQLR��PDWHULDáX�UXU\�L�ORGX�>:��P⋅K)], to�MHVW�WHPSHUDWXU��SDURZDQLD�F]\QQLND�
FKáRGQLF]HJR�ZHZQ�WU]�UXU�>°C].  
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Problem 10. 
2EOLF]DQLH� ZVSyáF]\QQLND� LQWHQV\ILNDFML� ZQLNDQLD� FLHSáD� SU]\� SU]HSá\ZLH� SRZLHWU]D� Z�

skraplaczu natryskowo-wyparnym dla�QDVW
SXM�F\FK�GDQ\FK� 
• GR� VNUDSODF]D� GRSá\ZD� SRZLHWU]H� R� WHPSHUDWXU]H� ta �ZHGáXJ� WHUPRPHWUX� VXFKHJR�� L�

ZLOJRWQR�FL�Z]JO
GQHM�ϕi, 
• ]H�VNUDSODF]D�Z\Sá\ZD�SRZLHWU]H�R�ZLOJRWQR�FL�Z]JO
GQHM�ϕo, 
• �UHGQLD�WHPSHUDWXUD�ZRG\�FKáRG]�FHM�Z\QRVL�tw. 
 
Wykorzystywane zale*QR�FL� 
 
:VSyáF]\QQLN�LQWHQV\ILNDFML�ZQLNDQLD�FLHSáD� 
 

( )
( )

�Uawp

�Uaw

ttc

hh

−
−

=ξ                                                       (5.10.1) 

gdzie: hw -� HQWDOSLD�ZáD�FLZD�SRZLHWU]D�QDV\FRQHJR�R� WHPSHUDWXU]H�ZRG\� �]QDMGXM�FHJR�VL
�
QDG�SRZLHU]FKQL��ZRG\��>-�kg], ha -�HQWDOSLD�ZáD�FLZD�SRZLHWU]D�Z�UG]HQLX�SU]HSá\ZX�>-�NJ@��
cp –�FLHSáR�ZáD�FLZH�SRZLHWU]D�ZLOJRWQHJR�>-��NJ⋅K)]. 
�UHGQLD�ZDUWR�ü�Uy*QLF\�HQWDOSLL� ( )

�Uaw hh − -��UHGQLD�ORJDU\WPLF]QD� 

 

( ) 














−
−

−
=−

kg

J

hh

hh
ln

hh
hh

2w

1w

12
�Uaw ,                                        (5.10.2) 

gdzie: wh -� �UHGQLD� HQWDOSLD� ZáD�FLZD� SRZLHWU]D� ]QDMGXM�FHJR� VL
� QDG� SRZLHU]FKQL�� ZRG\�
[J/kg], h1 oraz h2 –�HQWDOSLH�ZáD�FLZH�SRZLHWU]D�Z�UG]HQLX�SU]HSá\ZX�>-�NJ@�RGSRZLHGQLR��QD�
wlocie i wylocie ze skraplacza. 
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=$à�&ZNIK 
 

$352.6<0$&-$� :à$612�&,� 7(502'<1$0,&=1<&+� 25$=�

TERMOKINETYCZNYCH AMIONIAKU W STANIE NASYCENI WIELOMIANAMI 
 

3RGVWDZRZH� ZáDVQR�FL� WHUPRG\QDPLF]QH� RUD]� WHUPRNLQHW\F]QH� F]\QQLND� PR*QD�
DSURNV\PRZDü� ZLHORPLDQDPL�� -DNR� QDMEDUG]LHM� RSW\PDOQH� UR]ZL�]DQLH� GREUDno 
DSURNV\PDFM
�ZáDVQR�FL�IL]\F]Q\FK�Y�]D�SRPRF��ZLHORPLDQX�SL�WHJR�VWRSQLD� 

 

C1]t[,tY O
5

0k

k
k == ∑

=

α                                                (Z.1) 

 
 =HVWDZLRQH�SRQL*HM�ZáDVQR�FL�F]\QQLND�]DF]HUSQL
WR�]� OLWHUDWXU\�>�����@��=�XZDJL�QD�
IDNW�� *H� ZáDVQR�FL� IL]\F]QH� DPRQLDNX� XM
WR� Z� V]HURNLP� ]DNUHVLH� WHPSHUDWXU� QDV\FHQLD�� D�

mianowicie od -70°C do +70°&�� DSURNV\PDFMD� ZLHORPLDQHP� SL�WHJR� VWRSQLD� QLH� ]DZV]H�
RND]XMH� VL
� Z\VWDUF]DM�FD�� 6\WXDFMD� WD� PD� PLHMVFH� V]F]HJyOQLH� Z� SU]\SDGNX� ]DOH*QR�FL��
WHPSHUDWXU\� QDV\FHQLD� RG� FL�QLHQLD�� D� WDN*H� REM
WR�FL� ZáD�FLZHM� SDU\� VXFKHM� QDV\FRQHM� RG�
WHPSHUDWXU\� QDV\FHQLD�� =D� ]DVDGQLF]H� NU\WHULXP� SU]\M
WR� ERZLHP�� *H� PDNV\PDOQ\� Eá�G�
DSURNV\PDFML��Z\VW
SXM�F\�]�UHJXá\�Z�SREOL*X�JUDQLF]Q\FK�ZDUWR�FL�SU]HG]LDáX�DSURNV\PDFML��

QLH�SRZLQLHQ�SU]HNUDF]Dü�RNRáR�����:�GZyFK�Z\PLHQLRQ\FK�SRZ\*HM�SU]\SDGNDFK��Z�FHOX�
X]\VNDQLD� SR*�GDQHM� GRNáDGQR�FL� DSURNV\PDFML�� SRVáX*RQR� VL
� ]DOH*QR�FLDPL�

zmodyfikowanymi, a mianowicie: 
• dla obliczenia temperatury nasycenia: 
 

MPa1]p[,)pln(t
5

0k

k
k == ∑

=

α                                        (Z.2) 

•�GOD�REOLF]HQLD�REM
WR�FL�ZáD�FLZHM�SDU\�VXFKHM�QDV\FRQHM� 
 

C1]t[,texpv O
5

0k

k
k =





=′′ ∑

=

α                                            (Z.3) 

  
W 7DEHOL� =��� ]DZDUWR� ZVSyáF]\QQLNL� XPR*OLZLDM�FH� REOLF]DQLH� Z\EUDQ\FK� ZáDVQR�FL�
amoniaku w oparciu o wzór (Z.1) lub, w przypadku wyznaczania temperatury nasycenia - 
Z]yU� �=����� ]D�� GOD� REM
WR�FL� ZáD�FLZHM� SDU\� VXFKHM� QDV\FRQHM� - wzór (Z.3). W tabeli tej 
podaQR�UyZQLH*�PDNV\PDOQ\�Eá�G�DSURNV\PDFML�δ. 
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Tabela Z1. :VSyáF]\QQLNL GR UyZQD� �=��� ÷(Z.3) 
 

wiel-NR�ü jednostka α0 α1 α2 α3 α4 α5 δ [%] 
p MPa 0.430275 0.016114 2.346215E-4 1.537461E-6 3.281429E-9 -4.454312E-

12 
0.956 

t °C 24.838699 32.447984 3.89318 0.42318 0.032201 0.001131 -0.007*)  
v' 103⋅m3/kg 1.565976 0.003364 1.284056E-5 6.163764E-8 4.670659E-10 2.961599E-12 0.006 

v'' 103⋅m3/kg 5.660628 -0.03569 1.330369E-4 -6.38004E-7 2.378538E-9 -1.181575E-
11 

0.012 

h' kJ/kg 500.025552 4.752132 0.001874 -5.030895E-5 1.15492E-8 2.986752E-9 0.046*)  
h'' kJ/kg 1.757353E+

3 
0.91558 -0.010359 -2.559264E-5 3.267227E-8 -2.8663E-10 -0.045*)  

hfg kJ/kg 1.257328E+
3 

-3.836552 -0.012233 2.471631E-5 2.112307E-8 -3.273382E-9 -0.009 

s' kJ/kg⋅K 0.999998 0.017305 -2.586455E-5 -1.318975E-7 1.365557E-10 1.042243E-11 6.719E-

5*)  
s'' kJ/kg⋅K 3.105332 -0.019444 5.509201E-5 3.30495E-6 1.770444E-9 -5.110815E-

10 
-0.853*)  

cp' kJ/kg⋅K 4.597621 0.005086 4.201397E-5 4.528013E-7 1.061761E-9 -1.312813E-
11 

-0.105 

cp'' kJ/kg⋅K 2.505069 0.014528 1.508511E-4 6.609644E-7 6.07504E-9 4.115365E-11 -0.068 

λλ' W/m⋅K 0.538395 -6.753781E-4 -1.191123E-5 -3.958532E-8 4.446856E-10 8.186473E-13 0.225 
λλ'' W/m⋅K 0.023233 1.223431E-4 5.202623E-7 1.116784E-9 1.114533E-11 1.161983E-13 0.178 
µµ' 106⋅Pa⋅s 192.341488 -2.013442 -0.004234 2.201833E-4 5.481518E-6 -8.781833E-8 -3.500 

µµ'' 106⋅Pa⋅s 9.507149 0.039042 1.751824E-5 1.41092E-6 4.140822E-9 -1.514974E-
10 

1.544 

νν' 106⋅ m2/s 0.280848 -0.00268 -7.084989E-6 3.06108E-7 7.520622E-9 -1.204386E-
10 

-3.054 

νν'' 106⋅ m2/s 11.640995 -0.230638 0.002577 -2.314966E-5 3.258735E-7 -2.623706E-9 -1.885 

a' m2/s 1.71193E-7 -2.496197E-
10 

-5.016265E-
12 

-2.467711E-
14 

1.777144E-16 1.217558E-18 -0.238 

a'' m2/s 1.135495E-5 -2.769512E-7 3.350313E-9 -3.265287E-
11 

4.136506E-13 -2.977449E-
15 

-2.701 

Pr' - 1.639905 -0.013324 -9.500258E-6 1.800426E-6 4.182146E-8 -6.906101E-
10 

-2.518 

Pr'' - 1.025 0.00475 4.04536E-5 3.341462E-7 1.493046E-9 -8.868791E-
12 

1.500 

σσ 103⋅ N/m 32.907086 -0.303771 2.543783E-4 4.945526E-7 1.968637E-9 8.855774E-12 -0.002 

κκ - 1.430318 0.003001 2.973708E-5 1.544505E-7 1.096942E-9 1.15722E-11 -0.039 
κκs - 1.318796 -6.908716E-5 -5.938914E-7 -5.472533E-

10 
-4.524887E-

10 
-1.148091E-

12 
-0.046 

wa m/s 417.120897 0.670111 -0.0032 1.424015E-5 1.934218E-7 -3.402894E-9 -0.477 


� 'OD ZLHONR�FL WDNLFK MDN WHPSHUDWXUD� HQWDOSLD ZáD�FLZD RUD] HQWURSLD ZáD�FLZD� ]H Z]JO
GX QD XPRZQLH

SU]\M
W\ XNáDG RGQLHVLHQLD� SRGDQR EH]Z]JO
GQ\ Eá�G DSURNV\PDFML Z\UD*RQ\ RGSRZLHGQLR Z� .� N-�NJ RUD]

kJ/kg⋅K. Uwaga: zapis 106⋅3D V R]QDF]D� *H ZDUWR�ü REOLF]RQHM ZLHONR�FL QDOH*\ SRPQR*\ü SU]H] ��-6.  Z kolei 

zapis 6.297348E-5 oznacza: 6.297348⋅10-5.  
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Tabela Z2.:D*QLHMV]H R]QDF]HQLD ZLHONR�FL Z\VW
SXM�F\FK Z QLQLHMV]Hj publikacji. 

 
oznaczenie ZLHONR�ü 

p FL�QLHQLH 
t temperatura 
v REM
WR�ü ZáD�FLZD 
h HQWDOSLD ZáD�FLZD 

hfg entalpia parowania 

s HQWURSLD ZáD�FLZD 
cp FLHSáR ZáD�FLZH SU]\ VWDá\P FL�QLHQLX 

λ ZVSyáF]\QQLN SU]HZRG]HQLD FLHSáD 
µ OHSNR�ü G\QDPLF]QD 
ν OHSNR�ü NLQHPDW\F]QD 
a G\IX]\MQR�ü FLHSOQD 
Pr liczba Prandtla 
R LQG\ZLGXDOQD VWDáD JD]RZD 
κ VWDáD 3RLVVRQD 
κs Z\NáDGQLN L]HQWURS\ 

wa SU
GNR�ü G(ZL
NX Z SDU]H VXFKHM QDV\FRQHM 

σ QDSL
FLH SRZLHU]FKQLRZH 
 Indeksy: 

k – skraplanie 
o – parowanie 
t - tloczenie 
' ciecz nasycona 
'' para sucha nasycona 
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