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ODQLX�]ELRUX�NURSHO��GODWHJR�ZD Q\�MHVW�PHFKDQL]P�VSDODQLD�SRMHG\QF]HM�NURSOL��

3RGF]DV� VSDODQLD� Z� VSRNRMQHM� DWPRVIHU]H� NURSOD� SDOLZD� FLHNáHJR� MHVW� RWRF]RQD�
SáRPLHQLHP�� RG� NWyUHJR� GR� NURSOL� MHVW� SU]HND]\ZDQ\� VWUXPLH � FLHSáD�T�� SU]H]� SU]H�
ZRGQLFWZR�L�SURPLHQLRZDQLH��3U]HMPXM FD�FLHSáR�NURSOD��NWyUHM�WHPSHUDWXUD�MHVW�W\ONR�
NLOND� VWRSQL� SRQL HM� SXQNWX�ZU]HQLD� SDOLZD� >�@�� LQWHQV\ZQLH� SDUXMH� QD� SRZLHU]FKQL��
Z\G]LHODM F� QD� ]HZQ WU]� VWUXPLH � SDU\�� =� RWRF]HQLD� Z� NLHUXQNX� NURSOL� G\IXQGXMH�
VWUXPLH �WOHQX��2ED�VWUXPLHQLH�UHDJXM �]H�VRE �ZH�IURQFLH�SáRPLHQLD��NWyU\�−�LGHDOL]X�
M F�−�PR QD�X]QDü�]D�VIHU\F]Q �SRZLHU]FKQL �ZRNyá�NURSOL��U\V��������
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VWHFKLRPHWULL�UHDNFML�L�XG]LDáX�WOHQX�Z�RWDF]DM F\P�NURSO �R URGNX�JD]RZ\P��PLH FL�
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:� SáRPLHQLX� NURSOD� SRUXV]D� VL � Z]JO GHP� R URGND� JD]RZHJR�� FR� SRZRGXMH�
]ZL NV]HQLH�SU GNR FL�G\IX]ML�WOHQX�]�RWRF]HQLD�GR�NURSOL�SU]H]�]PQLHMV]HQLH�ZDUVWZ\�
JUDQLF]QHM��3U]\�ZL NV]\FK�SU GNR FLDFK�RSá\ZX�]D�NURSO �WZRU]\�VL �VWUHID�UHF\UNX�
lacji, która stabilizuje i intensyfikuje spalanie (rys. 4.3).�

� � �

R ��$+G�T
G �
G���&�S �4/�!
"4,�/D;-!
5 :-.�/M��?03
$'�4"4,); :E<�
–
&�8@�4;-&�S ��/0J��

–
!�8'"4&
* (�J�

–
$@= 8�;+� (�8�;+5-�48@!�3�* (+5 :-. F

� = * ;-,�. (�5-�

� 8'"�143�!�= �$'&)(+* (-,). (

� = * ;-,). (�5-�

� S "4?B. ;

� (+* . /�"

� (�* . /D"
� 8'"4&)* (

P  

P �

D� E�

P   P � P

¡
∞

ε ¢ ∞
ε ¢ε£

¡'�

¡
¤¡  ¥�¦ ε§

¦ ε¨

©



R "��41��4. (-S
T���

3U]\�]E\W�GX \FK�SU GNR FLDFK�RSá\ZX��5H�!������QDVW SXMH�MHGQDN�]HUZDQLH�SáR�
PLHQLD� L� ]DSáRQ� NURSHO� VWDMH� VL � QLHPR OLZ\� >��@�� :� ZDUXQNDFK� ]LHPVNLFK� NV]WDáW�
SáRPLHQLD�ZRNyá�NURSOL�SDOLZD�QLH�MHVW�VIHU\F]Q\��SRQLHZD �]QLHNV]WDáFD�JR�NRQZHN�
FMD�VZRERGQD��U\V�������RUD]�RSá\ZDM F\�NURSO �F]\QQLN�JD]RZ\��

�

R �)$�G4T)G T
G+��&�S ��/ª!
"4,�/�;-!
5 :-.
$@/D"� 
"�1�,�; :�,
(�L�;+"�?%;-= 8�. &�S "4?A. ;-,). (

:VNXWHN�QDSU H �VW\F]Q\FK�PL G]\�VWUXJ �JD]X�D�SRZLHU]FKQL �FLHF]\�ZHZQ WU]�
NURSOL�LQGXNXMH�VL �UXFK�ZLURZ\��:�UH]XOWDFLH�QDVW SXMH�]ZL NV]HQLH�V]\ENR FL�PLH�
V]DQLD�FLHSOHMV]HM�FLHF]\�SRG�SRZLHU]FKQL �NURSOL�]�]LPQLHMV] �FLHF] �ZHZQ WU]�NURSOL�
L�Z]URVW�V]\ENR FL�SDURZDQLD��-H HOL�UXFK�ZLURZ\�FLHF]\�ZHZQ WU]�NURSHO�MHVW�LQWHQ�
V\ZQ\��WR�PR H�Z\VW SRZDü�UR]SDG�NURSHO��FR�]ZL NV]D�V]\ENR ü�VSDODQLD���R "���&
(+1�!�8�"�&
;+*
"�* ; :<3A?B" ;« )�
#�$@&
"�/0"�1�"�/A(�,��0/0;�/�, = 8'��,���?¬5�. ,). ;�,
. ;�?­&
(-8�E ?B. !�8�"�;�!
$'&
* "��@:-;+F<G�®+; ;4¯* .°&
(+* . /0;�?±:-;4$'=�"�* ; :�JC(B��/MS (�$'��5���(%"�* ; :A5�. !
. Ji&)S "4?%. ; "4=9(�5+��( : 5-�>!�8<"4&
* $<. * ,). ;A&�8<"4?%. ;-,
. 3-:-;4J°(A&)")5�6�S (�¯,
. (�,
(²&�8'��;��Z!�8<"�&
* ;�,
;-8�L�. (>$'!)3�&
. (>$<. &�8@��;�1�;²/A$'���)$�= !
. ?³/ 8<"�1�!)3N!�8�"�&)* . G�®�; ;�* .�1�")5�6
"�1���.I/0;-/M, = 8@�!�8�"�&
* .I1�">/�8'�4;�,
. (4J�= "Z&
"�/A$@= (�S �7& 5�6
;-8@�%8<"4�+8'��/0(B!�8<"4&
* Gi´�:�(�/D. $@!
">= ">/M�
$'= &)3<:�;%��/���!
* ;B/�= ;�14�
J�!
. ;�14�&
(�* . /0"µ5�. ;-!�S ;�:�;�$'=I/0. ;+* "�$'!�S (+1�,
. !)"�/0;�G�¶ ; :�$'��;Z� 8<(-!
5 :�;%�Z/M, = 8@��(A!�8�"�&
* .�,
. ;%��1 &�8@��;�1��)� 3�,)1�"�/0(4#>1�"&
"�/D. ;-8'��5�6�,
.°!�8�"�&
* .�,
. ?³��")$'= (�, &
"�1�L�8@��(�,
;²1�">/M8'��;�,). (4J�= /0"48'� 5A/0;�/M, = 8@�²!�8�"4&
* .�& 5�6
;�8@�N�������-Gi·��@;�!�=?%. !�8<"�;�!
$�* "��9:-.�:-;�$�=D/���!
"�8@���
$'= ��/A(�,���1�"ª&
"4&)8�(�/�� 8�"���1�8<"4 �,
. ;�,). ( !�8<"�&
;+*A"�* ; :<3�/¸&)S "�?%. ;�,
. 3iG H "�"�* ; :�31�"�1)( :�;0$<. /0"�1 J)!�= ¹�8�( ?%(M,
. $�� = ;�?0&
;�8�(-= 3�8 /O8'��;�,). (M,
. "�* ; :�J 5+"A&
"�/0"�143-:�;O8<"���;�8'/D(�,
. ;�!�8�"�&
;�*
&
(�* . /A(&�8'�4;�1 $'&
(+* ;�,
. ;�?ZG�º8@�4;�5-�+��/�. $@= �)5-6>/0(-893�,�!
(+5-6N$9&
(�* (-,). (0,
(B»�¼4½�¾0¾<¿
½�À ½�Á
Â ½>Ã�Ä+Å�¿
À Â�Å�À Æ'Ç�ÈÉ/O&�S ��/D(A&
"�,
(+14= "Z/�. ;+* ;B. ,�,���5�65��+��,�,). !
¹�/0J�:-(<!���8�"4��&���* ;-,�. ;%&
(+* . /D(�JC= 3�89 �3)* ;-,)5 :-(�JC= ;-?0&);-8�(-= 3�8�(Z.«$9= ;-,). ;%= * ;-,�3
J�1�* (-= ;+L�"É= 893)14,�"0:-;�$@=M(-,
(+* . ¯= �)5��+,). ;D"4!�8'; * . #�14S 3)L�" #O&�S "4?B. ;�,�. (O8'"���&���* "�,);�L�"A&
(+* . /0(�5+. ;-!�S ;+L�"É�'��Ê���G��Ë/D(<893�,�!
(+5-6B!
"4,�/D;-!
5 :-.
&�8@�4;+$@= ( :-;"4 
"4/�. �+��/0(�#AÌ�&�8'(-/D"�ÍAÎ�Ï ÐM$'�+�4 �!
" 5+.�$9&
(�* (-,�. (0!�8�"4&)* .�&
(�* . /0(%5+. ;<!�S ;+L�"

−
/Ñ&�8@�+��&
(+1�!�37* (-?B. ,
(-89,);+L�"Z&�89�4;�¯

&�S ��/M3D8�(+5-�4; :
:-;+$@=
= "M/M��!�S (+14,). !B��Ò ��J�(�1�* (�&�89�4;-&�S ��/M3�= 3�89 �3)* ;-,�= ,);�L�"� 
* . $@!
.C�O� Ó4��G



������� ���
	 �
���
� 	 ����	 ����� �
��� ���
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�������6WUXNWXUD�SáRPLHQLD�

:�SUDNW\FH�VSDODQLH�SDOLZ�FLHNá\FK�RGE\ZD�VL �Z�IRUPLH�UR]GUREQLRQHM�QD�NURSOH��
NWyU �WZRU]\�VWUXJD�UR]S\ORQHJR�SDOLZD�Z�SRZLHWU]X��7DN�VL �G]LHMH�Z�F\OLQGU]H�VLOQL�
ND�]�]DSáRQHP�VDPRF]\QQ\P�OXE�]D�SDOQLNLHP�ROHMRZ\P��6WUXNWXUD�SáRPLHQLD�UR]S\�
ORQHJR�SDOLZD�FLHNáHJR�MHVW�EDUG]LHM�VNRPSOLNRZDQD�QL �SáRPLHQLD�JD]RZHJR��SRQLH�
ZD �Z\VW SXM �Z�QLP�]MDZLVND�G\VSHUVML�L�SDURZDQLD�FLHF]\��D�SRQDGWR�RGG]LDá\ZDQLH�
NURSHO�]H�VRE �>�@��=QDF]HQLH�PD�ORWQR ü�SDOLZD�–�QD�SU]\NáDG�EHQ]\Q\�V]\ENR�RGSD�
URZXM � L� SáRPLH �PD� FKDUDNWHU� KRPRJHQLF]Q\��1DIW\� L� ROHMH�PDM �PQLHMV] � ORWQR ü��
GODWHJR�SU]HGH�ZV]\VWNLP�VSDODM �VL �Z�IRUPLH�LQG\ZLGXDOQ\FK�NURSOL���

-HGQRZ\PLDURZ\�PRGHO�SáRPLHQLD�UR]S\ORQHJR�ROHMX�SU]HGVWDZLRQR�QD�U\VXQNX�
���D��5R]S\ORQH�Z�SRZLHWU]X�NURSOH��]EOL DM F�VL �GR�SáRPLHQLD��QDJU]HZDM �VL �L�SDUX�
M �� :� SLHUZV]HM� VWUHILH� SáRPLHQLD� QDVW SXMH� ]DSáRQ� SDU� L� VSDODQLH� KRPRJHQLF]QH���
D� QDVW SQLH� VSDODM � VL � LQG\ZLGXDOQLH� NURSOH� ROHMX� �VSDODQLH� KHWHURJHQLF]QH��� =D�
VWUHI �SáRPLHQLD�Z\VW SXMH�VWUHID�GRSDODQLD�ZL NV]\FK�NURSHO� L�SyáSURGXNWyZ�VSD�
ODQLD�>��@��
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:�SáRPLHQLX�]D�SDOQLNLHP�ROHMRZ\P�G]LHM �VL �EDUG]LHM�]áR RQH�SURFHV\��SRQLHZD �
ZDUXQNL�VSDODQLD�Z�FKPXU]H�NURSHO�Uy QL �VL �RG�VSDODQLD�SRMHG\QF]HM�NURSOL��:�V �
VLHG]WZLH�Z\ORWX�]�G\V]\�WZRU]\�VL �VWUHID�R�GX HM�NRQFHQWUDFML�NURSHO�SDOLZD��Z�NWó-
UHM� NURSOH� LQWHQV\ZQLH� SDUXM �� 'RVW S� WOHQX� GR� WHM� VWUHI\� ]� RWDF]DM FHJR� VWUXPLHQLD�
SRZLHU]D�MHVW�XWUXGQLRQ\��GODWHJR�ZHZQ WU]�QLH�PD�VSDODQLD��SáRPLH �QDWRPLDVW�ORNXMH�
VL �QD�JUDQLF\�VWUHI\��:�GUXJLHM�VWUHILH�QDVW SXMH�UR]U]HG]HQLH�NURSHO��NWyUH�PRJ �VL �
VSDODü�Z�QLHM�LQG\ZLGXDOQLH��]D�QL �MHVW�VWUHID�GRSDODQLD��U\V�����E���

'X D�NRQFHQWUDFMD�NURSHO�X�Z\ORWX�G\V]\�SRZRGXMH�� H�NURSOH�RGG]LDáXM �]H�VRE �
�NROL]MH��� D� SRQDGWR� Z\VW SXMH� DHURG\QDPLF]QH� RGG]LDá\ZDQLH� NURSHO� ]� R URGNLHP�
JD]RZ\P��VNXWNXM FH�ZWyUQ\P�UR]SDGHP�NURSHO��.ROL]MH�NURSHO�SURZDG] �GR�á F]HQLD�
VL �NURSHO��FKRFLD �REVHUZXMH�VL �WH �LFK�RGELFLD�>�@��8ZD D�VL �WDN H�� H�EDUG]R�LVWRW�
QH�GOD�V]\ENR FL�VSDODQLD�V �PLNURHNVSOR]MH�NURSHO�ROHMX��

=EOL HQLH�NURSHO�PR H�PLHü�LVWRWQ\�ZSá\Z�QD�IRUP �LFK�VSDODQLD��-H HOL�RGOHJáR ü�
PL G]\�GZRPD�SDO F\PL�NURSODPL�]E\WQLR�]PDOHMH��WR�ZRNyá�QLFK�SRZVWDQLH�ZVSyOQ\�
SáRPLH �� D� V]\ENR ü� VSDODQLD� ]PDOHMH� R� RNRáR� ���� >�@�� 'X D� NRQFHQWUDFMD� NURSHO��
Z� FKPXU]H� XWUXGQLD� GRVW S� WOHQX� GR� QLHM�� XQLHPR OLZLDM F� Z� VNUDMQ\P� SU]\SDGNX�
VSDODQLH� LQG\ZLGXDOQH� NURSHO�� :yZF]DV� FDáD� FKPXUD� ]RVWDMH� RWRF]RQD� G\IX]\MQ\P�
SáRPLHQLHP��NWyU\�RG�ZHZQ WU]� MHVW� ]DVLODQ\� VWUXPLHQLHP�SDU\�RG�NURSHO��QDWRPLDVW�
WOHQ�G\IXQGXMH�GR�QLHJR�RG�]HZQ WU]� �U\V��������7DND� IRUPD� VSDODQLD�� ]ZDQHJR�JUX��
SRZ\P�� QLH� MHVW� NRU]\VWQD�� SRQLH�
ZD � MHM� LQWHQV\ZQR ü� MHVW� ]QDF]QLH�
PQLHMV]D�RG�VSDODQLD� LQG\ZLGXDOQH�
JR� NURSHO�� D� SRQDGWR� VSU]\MD� WZR�
U]HQLX�VL �VDG]\��

�
7H� WUXGQH� L� QLH]XSHáQLH� SR]QDQH� ]MDZLVND�PLNURHNVSOR]ML�� VSDODQLD� JUXSRZHJR�

RUD]�ZWyUQHJR�UR]SDGX�L�NROL]ML�NURSHO��ZD QH�GOD�RFHQ\�GáXJR FL�SáRPLHQLD�ROHMR�
ZHJR��V �SU]HGPLRWHP�REOLF]H �Z�PRGHORZDQLX�QXPHU\F]Q\P�VSDODQLD�SDOLZ�FLH�
Ná\FK���

�������=DZLURZDQ\�SáRPLH �UR]S\ORQHJR�SDOLZD�FLHNáHJR�
=DZLURZDQLH�VWUXJL�SRZLHWU]D��GR�NWóUHM�FHQWUDOQLH�UR]S\ORQH�]RVWDMH�SDOLZR�FLHNáH��

SRZRGXMH�Z\VW SLHQLH�ZHZQ WU]QHM� VWUHI\� UHF\UNXODFML� VSDOLQ�Z]ERJDFRQ\FK� SDUDPL�
SDOLZD��]�PR OLZR FL �SRMDZLHQLD�VL �NURSHO�SDOLZD�>��@��5HF\UNXODFMD�JRU F\FK�VSD�
OLQ��NWyUH�PLHV]DM �VL �]H�VWUXJ �UR]S\ORQHJR�SDOLZD�L� ZLH \P�SRZLHWU]HP��SRZRGXMH�
JZDáWRZQH�SDURZDQLH�NURSHO�FLHF]\��]ZL NV]HQLH�V]\ENR FL�VSDODQLD�L�SRSUDZ �VWDELO�
QR FL�SáRPLHQLD���
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6LOQH�]DZLURZDQLH�VWUXPLHQLD�SRZLHWU]D��6�≥������SRZRGXMH�� H�VWUXNWXUD�SáRPLHQLD�
VWDMH�VL � ]GHWHUPLQRZDQD�SU]H]�DHURG\QDPLN �SU]HSá\ZX�SRZLHWU]D��QDWRPLDVW�NLH�
UXQHN�VWUXJL�UR]S\ORQHJR�SDOLZD�FLHNáHJR�MHVW�PQLHM�ZD Q\��2EM WR FLRZD�LQWHQV\Z�

QR ü�Z\G]LHODQLD� FLHSáD�Z� ]DZLURZD�
Q\P� SáRPLHQLX� ROHMRZ\P� Z\QRVL�
RNRáR 2,3·10 ë � :�P � � >�@�� =DZLURZDQ\�
SáRPLH �UR]S\ORQHJR�ROHMX�VFKHPDW\F]�
QLH�SU]HGVWDZLRQR�QD�U\VXQNX�����>�@��
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�������3U]HND]\ZDQLH�FLHSáD�RG�SáRPLHQLD�ROHMRZHJR�
&KDUDNWHU\VW\F]Q �FHFK �SáRPLHQLD�ROHMRZHJR�MHVW�MHJR�VLOQH�Ä ZLHFHQLH´�Z�NROR�

U]H� yáW\P�� yáWD� EDUZD� MHVW� VSRZRGRZDQD� ]QDF]Q � ]DZDUWR FL � VDG]\�Z�SáRPLHQLX�
ROHMRZ\P�� &L NLH� Z JORZRGRU\�� NWyUH� V � VNáDGQLNLHP� ROHMyZ�� UR]NáDGDM � VL � WHU�
PLF]QLH�]�Z\G]LHODQLHP�VDG]\��VSU]\MD�WHPX�]ZáDV]F]D�G\IX]\MQ\�FKDUDNWHU�VSDODQLD���

*D]RZH�VNáDGQLNL�VSDOLQ��MDN�+ � 2�L�&2 � ��WDN H�SRFKáDQLDM �L�HPLWXM �SURPLHQLRZD�
QLH��DOH�VHOHNW\ZQLH��W\ONR�Z�SHZQ\FK�SDVPDFK��VDG]D�QDWRPLDVW�SURPLHQLXMH�Z�SU]\�
EOL HQLX� MDN�FLDáR�GRVNRQDOH�F]DUQH��NWyUH�PD�FL JáH�ZLGPR�SURPLHQLRZDQLD��0DNVL�
PXP�SURPLHQLRZDQLD�SU]\SDGD�QD�EDUZ � yáW ���

=GROQR ü�SáRPLHQLD�GR�SU]HND]\ZDQLD�FLHSáD�SU]H]�SURPLHQLRZDQLH�Z\UD D�ZVSyá�
F]\QQLN� HPLVML� ε�� 2NUH OHQLH� HPLV\MQR FL� VDG]\� Z� SáRPLHQLX� SDOLZ� FLHNá\FK� MHVW�
VNRPSOLNRZDQH��SRQLHZD �Z\PDJDQD�MHVW�]QDMRPR ü�NRQFHQWUDFML�VDG]\�RUD]�SDUDPH�
WUyZ� JHRPHWU\F]Q\FK� MHM� F] VWHN�� 1D� SRGVWDZLH� Z\QLNyZ� EDGD � GR ZLDGF]DOQ\FK�
+RWWHO�L�6DURILP�>�@��GOD� UHGQLF�VDG]\�G��PQLHMV]\FK�RG�GáXJR FL�IDOL�SURPLHQLRZDQLD�λ��
� G������λ� ������
X]\VNDOL�]DOH QR ü�
� εì � ���–������NF í 7î O�F � �–ë � ������
w której:�F � � –� VWDáD� 3ODQFND�� F í � –� REM WR FLRZD� NRQFHQWUDFMD� VDG]\� Z� SáRPLHQLX���

N�–� VWDáD� ]DOH QD� RG�Sarametrów geometrycznych sadzy, O�–� JUXER ü�ZDU�
VWZ\�SURPLHQLXM FHM��
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=QDM F�ZDUWR ü�VWDáHM�N��PR QD�REOLF]\ü�HPLV\MQR ü�GOD�GDQHM�WHPSHUDWXU\�SáRPLH�
QLD�Z�IXQNFML�VW HQLD�VDG]\�L�JUXER FL�ZDUVWZ\�SURPLHQLXM FHM��:DUWR ü�ZVSyáF]\Q�
QLND�N�GOD�FL NLFK�ROHMyZ�MHVW�Z�]DNUHVLH���÷����1D�U\VXQNX�����SU]HGVWDZLRQR�Z\�
QLNL�REOLF]H �ε ì � GOD�ZDUWR FL�N� �����1D�SU]\NáDG�GOD�SDUDPHWUyZ��JUXER ü�ZDUVWZ\�
SURPLHQLXM FHM�O� ���P��WHPSHUDWXUD�JD]X�7î � ������.�L�NRQFHQWUDFMD�VDG]\�F í � ���–� ��
�RN������PJ�P � ���RWU]\PDQR�ε ì � ������=GROQR FL�UDGLDF\MQH�SáRPLHQLD�ROHMRZHJR�SR�
ZRGXM �� H�RNRáR�����FLHSáD�]�SáRPLHQLD�MHVW�SU]HND]\ZDQD�SU]H]�SURPLHQLRZDQLH��
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�����5R]S\ODQLH�SDOLZ�FLHNá\FK�
3DOLZD�FLHNáH�VSDOD�VL �Z�SRVWDFL�UR]S\ORQHM��SRQLHZD �UR]GUREQLHQLH�QD�NURSOH�]D�

SHZQLD� GX � LQWHQV\ZQR ü� SDURZDQLD� FLHF]\�� =� WHJR� SRZRGX� UR]S\ODQLH�PD� EDUG]R�
ZD QH�]QDF]HQLH�GOD�MDNR FL�VSDODQLD�SDOLZ�FLHNá\FK��

�������0HFKDQL]P\�UR]S\ODQLD�VWUXJL�FLHF]\�
,VWRWD�UR]S\ODQLD�FLHF]\�Z�VWUXG]H�SROHJD�QD�SRNRQDQLX�QDSL FLD�SRZLHU]FKQLRZH�

JR�FLHF]\�SU]H]�VLá\�]HZQ WU]QH�OXE�ZHZQ WU]QH��
D��QDSU HQLD�VW\F]QH�QD�SRZLHU]FKQL�VWUXJL��Z\ZRáDQH� Uy QLF �SU GNR FL�PL G]\�

FLHF] �D�SRZLHWU]HP��NWyUH�GHVWDELOL]XMH�VWUXJ ��Z\ZRáXM F�MHM�UR]NáDG��
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E��VLá\� RG URGNRZH� UXFKX� ZLURZHJR� VWUXJL�� VLá\� Z\ZRáDQH� Z]URVWHP� FL QLHQLD�
Z�NURSOL�QD�VNXWHN�SDURZDQLD�Z�MHM�ZQ WU]X��

F��]HZQ WU]QH�VLá\�PHFKDQLF]QH��HOHNWURVWDW\F]QH�L�XOWUDG ZL ków.�
1D�U\VXQNX������SU]HGVWDZLRQR�VFKHPDW\F]QLH�UR]S\ODF]H�QDOH FH�GR�Z\PLHQLR�

Q\FK� JUXS� >��@��:� SUDNW\FH� QDMZL NV]H� ]DVWRVRZDQLH� ]QDOD]á\� GZD� SLHUZV]H� ]�Z\�
mienionych typów rozpylDF]\��

�
5R]S\ODF]� VWUXPLHQLRZ\� X]\VNXMH� VL �� MH HOL�Z� FLDQLH� SU]HZRGX�Z\SHáQLRQHJR�

FLHF] �Z\ZLHUFL�VL �PDá\�RWZyU��SU]H]�NWyU\�Z\Sá\ZD�VWUXJD�FLHF]\��5R]SDG�VWUXJL�QD�
NURSOH� MHVW�]áR RQ\P��QLH� FDáNLHP�SR]QDQ\P�]MDZLVNLHP��Z�NWyU\P�GHF\GXM F � URO �
RGJU\ZDM �VLá\��EH]ZáDGQR FL��OHSNR FL�L�QDSL FLD�SRZLHU]FKQLRZHJR��5HODFMH�W\FK�VLá�
PR QD� Z\UD]Lü� ]D� SRPRF � GZyFK� OLF]E� EH]Z\PLDURZ\FK�� FKDUDNWHU\VW\F]Q\FK� GOD�
SURFHVX�UR]S\ODQLD�VWUXJL�FLHF]\��
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5R]S\ODF]�ZLURZ\�G]LDáD�QD�]DVDG]LH�Z\NRU]\VWDQLD�
VLá�RG URGNRZ\FK�RGG]LDáXM F\FK�QD�RSXV]F]DM F �G\V] �
ciecz, w której nadano jej szybki ruch obrotowy (rys. 
��������

:� SRZáRFH� FLHF]\� SRZVWDM � IDOH� Z]GáX QH� L� SR�
SU]HF]QH��G FH�GR�VHJPHQWDFML�FLHF]\��3U]\�ZL NV]\FK�
SU GNR FLDFK� Z\Sá\ZX� RGG]LDá\ZDQLH� DHURG\QDPLNL�
SU]\VSLHV]D�UR]SDG�SRZáRNL��]DQLP�IDOH�VL �UR]ZLQ �>�@��

5R]S\ODF]� SQHXPDW\F]Q\� Z\NRU]\VWXMH� GR� UR]S\�
ODQLD� FLHF]\�HQHUJL � VSU RQHJR�JD]X� OXE�SDU\��1DSU �
HQLD� VW\F]QH�� SRZVWDM FH� Z]GáX � NRQWDNWX� FLHF]\��
�Z� SRVWDFL� VWUXJL� OXE� SRZáRNL�� ]� JD]HP�� SRZRGXM � MHM�
VHJPHQWDFM � QD� NURSOH�� 8áDWZLRQ\� MHVW� WDN H� ZWyUQ\�
UR]SDG�NURSHO��

5R]S\ODF]�REURWRZ\��URWDF\MQ\��G]LDáD�QD�SRGREQHM�]DVDG]LH�MDN�UR]S\ODF]�ZLUR�
Z\�−�ZLURZ\� UXFK�FLHF]\��QDGDQ\�SU]H]�ZLUXM F �X�Z\ORWX� WDUF] � �G\VN�� F]DV]D� OXE�
NLHOLFK���SRZRGXMH�� H�ILOP�FLHF]\�RGU\ZD�VL �RG�NUDZ G]L�VSá\ZRZHM�L�XOHJD�UR]SD�
GRZL�QD�NURSOH�>������@��

�������3U]\NáDG\�UR]S\ODF]\�ROHMRZ\FK�
6WUXPLHQLRZ\�UR]S\ODF]�SU]HORWRZ\��U\V��������PD�SURVW �EXGRZ ��Z�]DNUHVLH�FL�

QLH �∆S� ����÷��03D�PD�PDUQ � MDNR ü� UR]S\ODQLD� L�QLHZLHONL�N W� UR]ZDUFLD� VWUXJL��
α�=��÷��°�>����@��1DSUDZG �GREUH�UR]S\ODQLH�]�WHJR�W\SX�UR]�
S\ODF]D� X]\VNXMH� VL �� JG\� FL QLHQLH� UR]S\ODQLD�∆S�≥� ��03D���
=� REDZ\� R� ]DWNDQLH�� UHGQLFD� RWZRUX� Z\ORWRZHJR� SRZLQQD�
PLHü�G F �!�����PP���

0LPR� WHM� QLHNRU]\VWQHM� FKDUDNWHU\VW\NL� UR]S\ODF]H� VWUX�
PLHQLRZH� PDM � ZD QH� ]DVWRVRZDQLH� Z� WáRNRZ\FK� VLOQLNDFK�
VSDOLQRZ\FK�]�]DSáRQHP�VDPRF]\QQ\P��DOH�GOD�SRSUDZ\�UR]�
S\ODQLD�FL QLHQLH�ZWU\VNX�RVL JD�Z�QLFK�����03D��UR]G]�������

5R]S\ODF]H� ZLURZH� V � SRZV]HFKQLH� VWRVRZDQH� Z� SDOQL�
NDFK�QD�SDOLZR�FLHNáH��GODtego istnieje wiele typów tych ro]�
S\ODF]\��1DMZD QLHMV]H�]DOHW\�ZLURZ\FK�UR]S\ODF]\�WR��

•�SURVWD�EXGRZD��
•�SHZQR ü�G]LDáDQLD��
•�GREUD�MDNR ü�UR]S\ODQLD��
•�PDáH�]DSRWU]HERZDQLH�PRF\��
1DMZD QLHMV]H�ZDG\�UR]S\ODF]\�ZLURZ\FK�WR��
•�WUXGQR FL�Z�UR]S\ODQLX�EDUG]R�OHSNLFK�FLHF]\��
•�PDá\�]DNUHV�UHJXODFML�Z\GDWNX��
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1DMEDUG]LHM� UR]SRZV]HFKQLRQH� V � MHGQRVWRSQLRZH� UR]S\ODF]H�ZLURZH� �QLHUHJXOR�

ZDQH��� =DZLURZDQLH� FLHF]\� QDVW SXMH� ]D� SRPRF � VW\F]Q\FK� RWZRUyZ� OXE� G]L NL�
ZNáDGFH� ]DZLURZXM FHM�� =H� Z]JO GX� QD� N W� Z\Sá\ZX� UR]Uy QLD� VL � MHGQRVWRSQLRZH�
]DZLURZ\ZDF]H�RVLRZH�L�N WRZH��U\V���������7\SRZH�GDQH�GOD�MHGQRVWRSQLRZ\FK�UR]�
S\ODF]\� ZLURZ\FK�� UHGQLFD� RWZRUX� Z\ORWRZHJR� G F  � �÷��PP�� VWUDWD� FL QLHQLD� ÄQD�
rozpylaczu” ∆S� �����÷�����03D��N W�UR]ZDUFLD�VWUXJL�α� ���÷90°.�

�
:LURZH�UR]S\ODF]H�UHJXORZDQH�G]LHO �VL �QD��
•�GZXVWRSQLRZH��
•�XSXVWRZH��
•�]�UHJXODFM �SRZLHU]FKQL�RWZRUyZ�Z\ORWRZ\FK��
–�5R]S\ODF]H� GZXVWRSQLRZH� PDM � GZD� VWRSQLH�

]DVLODQLD�� 1D� U\VXQNX� ����� SRND]DQR� UR]S\ODF]�
dwuzakresowy, w którym zmiana zakresu zasLODQLD�
QDVW SXMH� SRG� G]LDáDQLHP� FL QLHQLD� ]DVLODM FHJR�
ROHMX�� -H HOL� FL QLHQLH� MHVW� GRVWDWHF]QLH� GX H�� WáRN�
XJLQD� VSU \Q �� D� LJOLFD�� Z\VXZDM F� VL � ]� RWZRUX��
GRá F]D�GRGDWNRZ\�SU]Hwód paliwowy do dyszy.�
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,QQD�NRQVWUXNFMD�UR]S\ODF]D�GZX]DNUHVRZHJR�RSLHUD�VL �QD�LVWQLHQLX�GZyFK�NRQ�
FHQWU\F]Q\FK�G\V]��]�NWyU\FK�MHGQD�SUDFXMH�]�PDá\P�Z\GDWNLHP��D�G\V]D�GRGDWNRZD�
MHVW�]DVLODQD��NLHG\�WU]HED�]QDF]QLH�]ZL NV]\ü�Z\GDWHN�SDOLZD��QS��SRGF]DV�W]Z��ÄGR�
palania” w silnikach samolotów odrzXWRZ\FK��>��@��

'X \�VWRSLH �UHJXODFML�Z\GDWNX�FHFKXMH�UR]S\ODF]H�W\SX�XSXVWRZHJR��1D�U\VXQNX�
����D�SU]HGVWDZLRQR�UR]S\ODF]�XSXVWRZ\�GR�WXUELQ�JD]RZ\FK�PDáHM�PRF\�>�@��3DOLZR�
MHVW� GRVWDUF]DQH� Z� QDGPLDU]H� GR� NRPRU\� ZLURZHM� UR]S\ODF]D�� D� MHJR� QDGPLDU� MHVW��

RGSURZDG]DQ\� GR� ]ELRUQLND�� 'REUD� MDNR ü�
UR]S\ODQLD�� SRPLPR� ]PLDQ\� FL QLHQLD� ]DVL�
ODQLD�� Z\QLND� ]� GX HM� HQHUJLL� UXFKX� Sá\QX��
Z� NRPRU]H� ZLURZHM� UR]S\ODF]D�� 5R]S\ODF]�
]DSHZQLD� ]DNUHV� UHJXODFML� Z\GDWNX� FR� QDM�
PQLHM�������3U]HGVWDZLRQ\�QD�U\VXQNX�����E�
GUXJL�W\S�XSXVWRZHJR�UR]S\ODF]D�PD�NRPR�
U � ]�WáRNLHP�� NWyUHJR� WU]SLH � ]QDMGXMH� VL ��
Z� RWZRU]H� GR� SU]HZRGX� Z\ORWRZHJR�� &L ��
QLHQLH� Z�F\OLQGU]H�� G]LDáDM F� QD� WáRN�� XJLQD�
VSU \Q �� SU]\P\NDM F� RWZyU�� SR� MHJR� ]D�
PNQL FLX� FDá\� VWUXPLH � SDOLZD� ]RVWDQLH�
SRGDZDQ\� GR� G\V]\�� =DNUHV� UHJXODFML� Z\�
GDWNX�Z\QRVL������>��@��

�
�
�
�

�
5R]S\ODF]H�]H�]PLHQQ �SRZLHU]FKQL �RWZRUX�Z\ORWRZHJR��PLPR�GREU\FK�ZáD FL�

ZR FL�UHJXODF\MQ\FK��U]DGNR�V �VWRVRZDQH�]�SRZRGX�WUXGQR FL�HNVSORDWDF\MQ\FK�>��@��
5R]S\ODF]H�SQHXPDW\F]QH� V � SRZV]HFKQLH� VWRVRZDQH�G]L NL� GREU\P�ZáD FLZR�

FLRP�UR]S\ODM F\P��V �QLH�GR�]DVW SLHQLD��NLHG\�WU]HED�UR]S\ODü�FL NLH�ROHMH�L�HPXO�
VMH��1DMZD QLHMV]H�]DOHW\�UR]S\ODF]\�SQHXPDW\F]Q\FK�WR��

•�PR OLZR ü�UR]S\ODQLD�FLHF]\�R�GX HM�OHSNR FL��
•�GX \�]DNUHV�UHJXODFML�Z\GDWNX��
•�GX D�PR OLZR ü�NV]WDáWRZDQLD�JHRPHWULL�VWUXJL��
1DMZD QLHMV]H�ZDG\�UR]S\ODF]\�SQHXPDW\F]Q\FK�WR��
•�NRQLHF]QR ü�SRVLDGDQLD� UyGHá�SDU\�OXE�VSU RQHJR�JD]X��SRZLHWU]D��
•�ZL NV]H�]X \FLH�HQHUJLL�Z�SRUyZQDQLX�GR�UR]S\ODF]\�FL QLHQLRZ\FK��
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:D Q\P�SDUDPHWUHP�FKDUDNWHU\]XM F\P�UR]S\ODF]�SQHXPDW\F]Q\�MHVW�]X \FLH�F]\Q�
QLND�JD]RZHJR�δ�QD�MHGQRVWN �UR]S\ORQHJR�ROHMX��:�QRZRF]HVQ\FK�UR]S\ODF]DFK�SQHX�
PDW\F]Q\FK�]X \FLH�F]\QQLND�JD]RZHJR�QD�UR]S\ODQLH�Z\QRVL�δ� �����÷�����NJ�NJ����

Istnieje wiele typów rozpylaczy pneumatycznych, warto QDWRPLDVW� ]DSR]QDü� VL ��
]�NRQVWUXNFM �UR]S\ODF]D�W\SX�<��U\V���������NWyU\�FKDUDNWHU\]XMH�VL �GREU\P�UR]S\OD�
QLHP�OHSNLFK�L�J VW\FK�FLHF]\�>��@��*D]�L�FLHF]�GRSá\ZDM �GR�SU]HZRGyZ�Z\ORWRZ\FK��
JG]LH� VL � PLHV]DM �� *D]� X� Z\ORWX� ]� G\V]\� UR]SU D� VL �� UR]ELMDM F� FLHF]� QD� GUREQH�
F] VWNL��2WZRU\�Z\ORWRZH�� NWyU\FK� OLF]ED� NV]WDáWXMH� VL �Z� ]DNUHVLH� �÷���� SR]ZDODM �
X]\VNDü� SR GDQ � IRUP � UR]S\ORQHJR�SáRPLHQLD��:DG �SQHXPDW\F]Q\FK� UR]S\ODF]\�
W\SX�<�MHVW�VWRVXQNRZR�GX H�]X \FLH�SDU\�ZRGQHM�GR�UR]S\ODQLD��δ� ����–������

3U]HGVWDZLRQ\�SU]HJO G�NRQVWUXNFML�UR]S\ODF]\��SU]H]QDF]RQ\FK�SU]HGH�ZV]\VWNLP�
GR� SDOQLNyZ� ROHMRZ\FK�� QLH� MHVW� NRPSOHWQ\�� EUDNXMH�Z� QLP� QD� SU]\NáDG� UR]S\ODF]\�
URWDF\MQ\FK�� =DLQWHUHVRZDQ\�&]\WHOQLN�PR H� ]QDOH ü� ]QDF]QLH�ZL FHM� LQIRUPDFML� QD�
WHQ�WHPDW�Z�SXEOLNDFML�>��@��5R]S\ODF]H�SDOLZ�Sá\QQ\FK�PDM �WDN H�ZD QH�]DVWRVRZD�
QLH� Z� VSDOLQRZ\FK� VLOQLNDFK� WáRNRZ\FK� L� WXUELQRZ\FK�� ,QIRUPDFMH� R� LFK� EXGRZLH�
PR QD�]QDOH ü�Z�VSHFMDOLVW\F]QHM�OLWHUDWXU]H��QS��Z�>��@���

�

�������&KDUDNWHU\VW\NL�UR]S\ODF]\�
5R]S\ODF]�FLHF]\�MHVW�FKDUDNWHU\]RZDQ\�SU]H]�NLOND�SDUDPHWUyZ��Z UyG�NWyU\FK�GR�

QDMZD QLHMV]\FK�QDOH ��U\V���������
•�Z\GDMQR ü��
•�N W�UR]S\ODQLD��
•�UR]áR HQLH�NURSHO��
•�MDNR ü�UR]S\ODQLD��
:\GDMQR ü�FL QLHQLRZ\FK�UR]S\ODF]\�GHILQLXMH�VL �MDNR�]DOH QR ü�VWUXPLHQLD�PDV\�

FLHF]\�P�RG�VSDGNX�FL QLHQLD�ÄQD�UR]S\ODczu”�
� P� �µ$��ρ D ∆S� F�Ë Ì � �������
JG]LH��$�–�SROH�SRZLHU]FKQL�Z\Sá\ZX��µ�–�ZVSyáF]\QQLN�Z\Sá\ZX��NWyU\�]DOH \�SU]HGH�

ZV]\VWNLP�RG�JHRPHWULL�G\V]\��
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:\GDMQR ü� UR]S\ODF]\� SQHXPDW\F]Q\FK�
MHVW� IXQNFM � FL QLHQLD� FLHF]\�� VSDUDPHWU\]R�
ZDQD�Z\GDWNLHP�F]\QQLND�UR]S\ODM FHJR��

. W�UR]S\OHQLD�VWUXJL��NWyU\�]Z\NOH�ZL H�
VL �]�]DVL JLHP�VWUXJL��MHVW�ZD Q\P�SDUDPH�
WUHP�� PDM F\P� ZSá\Z� QD� NV]WDáW� L� GáXJR ü�
SáRPLHQLD��:D QH� MHVW�� HE\� VWUXJD� UR]S\OR�
QHJR� SDOLZD� QLH� ]GHU]DáD� VL � ]H� FLDQDPL�
G\IX]RUD�SDOQLND��
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�
5y QLFXMH� VL � WDN H� UR]áR HQLH�NURSHO�SDOLZD�Z]GáX �SURPLHQLD� VWUXJL��X]\VNXM F�

Uy QH� FHFK\� SáRPLHQLD�� 1D� U\VXQNX� ����� SRND]DQR� SU]\NáDG\� UR]áR HQLD� NURSHO��
Z�VWUXG]H�SDOLZD�]�G\V]\�ILUP\�'HODYDQ�>��@��
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�
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