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St reszczeni e. �%DGDQR� MDNL�ZSá\Z�QD�SU]HSá\Z�SRZLHWU]D�SU]H]�]áR*H�]LDUQD�SV]HQLF\�PD�
VSRVyE� QDSHáQLDQLD� ]ELRUQLND� SRPLDURZHJR��'OD� ]LDUQD� SV]HQLF\� R]LPHM� RGPLDQ\�5\VD�� R�ZLOJRW-
QR�FL� ���� L WU]HFK� VSRVREyZ� QDSHáQLDQLD� F\OLQGU\F]Q\FK� SUyEHN�� Z\]QDF]RQR� ]DOH*QR�ü�� RSyU�
SU]HSá\ZX�SRZLHWU]D�–�SU
GNR�ü�SU]HSá\ZX�SRZLHWU]D�Z�]DNUHVLH�SU
GNR�FL�SU]HSá\ZX�RG����� m⋅s-1 
do 0,4 m⋅s-1�� 6WZLHUG]RQR�� *H� VSRVyE� QDSHáQLDQLD� SUyEHN� LVWRWQLH� ZSá\ZD� QD� RSyU� SU]HSá\ZX�
SRZLHWU]D��5y*QLFD�RSRUX�SU]HSá\ZX�SRZLHWU]D�PL
G]\�SU]\M
W\PL� L�RNUH�ORQ\PL�PHWRG\N��EDGD��
VSRVREDPL�QDSHáQLDQLD�VL
JDáD������ 

6 áRZD � N O X F]RZH � �]LDUQR�SV]HQLF\��J
VWR�ü��RSyU�SU]HSá\ZX�SRZLHWU]D 

:67	3 

3U]HFKRZ\ZDQLH�]LDUQD�]Ey*�ZL�*H�VL
�]�NRQLHF]QR�FL��SU]HSURZDG]DQLD�]DELH-
gów konseUZDF\MQ\FK� Z\PDJDM�F\FK� VZRERGQHJR� SU]HGRVWDZDQLD� VL
� SRZLHWU]D�
GR�]áR*D�PDWHULDáX��6NXWHF]QR�ü�W\FK�]DELHJyZ�]DOH*\�RG�ZáD�FLZR�FL�]áR*D�]LDUQD��
GHF\GXM�F\FK� R� MHJR� RSRU]H� GOD� SU]HSá\ZDM�FHJR� SRZLHWU]D�� 2SyU� SU]HSá\ZX�
Z\UD*D� VL
� VSDGNLHP� FL�QLHQLD� SRZLHWU]D� QD� MHGQRVWN
� GáXJR�FL�Z� NLHUXQNX�SU]H-
Sá\ZX�� -HVW�RQ�]áR*RQ��ZáD�FLZR�FL��PDWHULDáyZ� V\SNLFK� L� ]DOH*\�RG�ZLHOX� F]\Q-
QLNyZ��'R�QDMEDUG]LHM� LVWRWQ\FK�QDOH*��� SU
GNR�ü�SU]HSá\ZX�SRZLHWU]D��ZLHONR�ü��
NV]WDáW� L UR]NáDG�F]�VWHN�Z�]áR*X��]DZDUWR�ü�]DQLHF]\V]F]H��� VSRVyE�L�F]DV�IRUPR-
ZDQLD�]áR*D�RUD]�ZLOJRWQR�ü�L�J
VWR�ü�XSDNRZDQLD�PDWHULDáX�>�@�� 

,VWRWQR�ü� SUREOHPDW\NL� VSRZRGRZDáD�� *H� EDGDQLD� RSRUyZ� SU]HSá\ZX� UR]SR-
F]
WR�MX*�Z�ODWDFK�GZXG]LHVW\FK�XELHJáHJR�VWXOHFLD��-HGQ\PL�]�SLHUZV]\FK�EDGDF]\�
byli: Stirniman,�%RGQDU�L�%DWHV�>��@��6]HURNLH�RSUDFRZDQLD�Uy*Q\FK�DVSHNWyZ�RSRUX�
SU]HSá\ZX�SU]HGVWDZLOL�-D\DV�>�@�RUD]�$EUDPV�L�)LVK�>�@��6]ZHG�>��@��D�WDN*H Szwed 
i àXNDV]XN�>��@�EDGDOL�ZSá\Z�F]DVX�L�ZDUXQNyZ�SU]HFKRZ\ZDQLD�SUyEHN�QDVLRQ�
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U]HSDNX� QD� ]PLDQ
� LFK� RSRUX� SU]HSá\ZX� SRZLHWU]D�� àXNDV]XN� L inni [7] badali 
]DOH*QR�ü�RSRUX�SU]HSá\ZX�SRZLHWU]D�RG�J
VWR�FL�]áR*D�]LDUQD�SV]HQLF\�L�NXNXU\G]\�
oraz nasion rzepaku. Lamond i Smith [6] oraz Kumar i 0XLUD� >�@�EDGDOL� ]DOH*QR�ü�
RSRUX�SU]HSá\ZX�RG�NLHUXQNX�SRZLHWU]D�Sá\Q�FHJR�SU]H]�]áR*H�PDWHULDáX�  

2� RSRUDFK� SU]HSá\ZX� SRZLHWU]D� GHF\GXMH� SRURZDWR�ü� PDWHULDáX� V\SNLHJR��
NWyUD� MHVW� ]ZL�]DQD� EH]SR�UHGQL�� ]DOH*QR�FL�� ]� J
VWR�FL�� XSDNRZDQLD��:� SU]\-
SDGNX�EDUG]R�GX*HM�J
VWR�FL�PDWHULDáX�MHJR�SRURZDWR�ü�MHVW�QD�W\OH�PDáD��*H�RSyU�
SU]HSá\ZX�SRZLHWU]D�SU]H]�]áR*H�PR*H�Z]URVQ�ü�QDZHW�NLONXNURWQLH�>�@��*
VWR�ü�
XSDNRZDQLD�]DOH*\�P��LQ��RG�URG]DMX�]LDUQD��ZLHONR�FL�]ELRUQLND�RUD]�RG�VSRVREX�
L�V]\ENR�FL�MHJR�QDSHáQLDQLD��GHF\GXM�F\FK�R�SU]HVWU]HQQHM�RULHQWDFML�]LDUQLDNyZ�
Z�]áR*X�PDWHULDáX�>�@�� 

3UH]HQWRZDQ\�Z�SUDF\�SURJUDP�EDGD��PLDá�QD� FHOX�RFHQ
� ]DOH*QR�FL� ]PLDQ�
RSRUX� SU]HSá\ZX� SRZLHWU]D� SUyEHN� ]LDUQD� SV]HQLF\� RG� VSRVREX� QDSHáQLDQLD�
NROXPQ\�SRPLDURZHM��:\]QDF]DQR� VSDGHN�FL�QLHQLD�SRZLHWU]D�SU]HSá\ZDM�FHJR�
SU]H]� Z\SHáQLRQ�� ]LDUQHP� NROXPQ
� SRPLDURZ�� SU]\� Uy*Q\FK� SU
GNR�FLDFK�
SU]HSá\ZX�SRZLHWU]D�� 

0(72'$�,�0$7(5,$à 

3RPLDU\� RSRUX� SU]HSá\ZX�Z\NRQDQR� QD� DSDUDFLH�� NWyUHJR� EXGRZ
� SU]HGVWD-
wia rysunek 1 [7].  

   

 

 
 

 

 
 

 

 
 

 

 
 

Rys. 1.�$SDUDW�GR�EDGD��RSRUyZ�SU]HSá\ZX 
Fig. 1. Apparatus for measuring airflow resis-
tance in seeds 
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21 VBVALp ⋅+⋅=⋅∆ −

�UHGQLFD�NROXPQ\�SRPLDURZHM�Z\QRVLáD������ P��3RPLDU�VSDGNX�FL�QLHQLD�Z\NR-
Q\ZDQ\�E\á�QD�RGFLQNX�NROXPQ\�R�Z\VRNR�FL����� m przy pomocy indukcyjnego 
F]XMQLND� Uy*QLF\� FL�QLH�� Validyne� '3��� R� PDNV\PDOQHM� ZDUWR�FL� SRPLDURZHM�
2,25 kPa, wVSyáSUDFXM�FHJR� ]H� Z]PDFQLDF]HP� Validyne� &'���� 3U]HSá\Z� SR-
ZLHWU]D� SU]H]� NROXPQ
� SRPLDURZ�� Z\PXV]DQ\� E\á� HOHNWU\F]Q\P�ZHQW\ODWRUHP�
promieniowym o mocy 0,37 N:�� 8FK\OQD� SU]\VáRQD�� XPLHV]F]RQD� QD� RWZRU]H�
VV�F\P�ZHQW\ODWRUD�� SR]ZDODáD� UHJXORZDü� SU
GNR�ü� SU]HSá\ZX� SRZLHWU]D� SU]H]�
NROXPQ
� SRPLDURZ�� Z� ]DNUHVLH� RG� ���� m⋅s-1do 0,4 m⋅s-1�� 3U
GNR�ü� SU]HSá\ZX�
mierzono anemometrem ANT 2000. 

Badania przeprowadzono dla oczyszczonego ziarna pszenicy ozimej odmiany 
Rysa o ZLOJRWQR�FL������=DVWRVRZDQR�WU]\�VSRVRE\�QDSHáQLDnia kolumny pomia-
URZHM��:�SLHUZV]\P�VSRVRELH�Z\NRU]\VWDQR�OHM�]DV\SRZ\�R�Z\VRNR�FL���P�L��UHGQL-
cach�RWZRUyZ������L�����P��1DSHáQLDQLH�SROHJDáR�QD�SRZROQ\P�XQRV]HQLX�ZF]H�-
QLHM�]DV\SDQHJR�]LDUQHP�OHMD��U\V����$���:�GUXJLP�SU]\SDGNX�NROXPQ
�SRPLDUR-
Z�� QDSHáQLDQR�SRSU]H]� VWR*NRZ\� OHM�R�Z\VRNR�FL� �����P� L� �UHGQLFDFK�RWZRUyZ�
0,04 i 0,25 m, umieszczony na szczycie kolumny pomiarowej (rys. 2 B). Lej ten 
Z\NRU]\VWDQR� UyZQLH*� Z� WU]HFLP� VSRVRELH�� DOH� XPLHV]F]RQR� JR� QD� GRGDWNRZHM�
WXOHL�R�Z\VRNR�FL���P�L��UHGQLF\�UyZQHM��UHGQLF\�NROXPQ\�SRPLDURZHM��U\V����&���
3RGF]DV�QDSHáQLDQLD�XWU]\P\ZDQR�FL�Já\�VWUXPLH��]LDUQD� 

 
Otrzymane wyniki aproksymowano równaniem Erguna (1) [2]. 

 
  (1) 

 
gdzie: L –�RGOHJáR�ü��QD�NWyUHM�PLHU]RQR�VSDGHN�FL�QLHQLD�SRZLHWU]D�∆p, A i B – 
parametry, V –�SU
GNR�ü�SU]HSá\ZX�SRZLHWU]D�� 

 

 
 

 

 
 

 

 
 

 

 
Rys. 2. Sposoby formowania próbek  

Fig. 2. Methods of sample fil ling 

+
�+

$ %

&



-��à8.$6=8. 

 

 

712 

WYNIKI I DYSKUSJA 

=� ]DOH*QR�FL� SU]HGVWDZLRQ\FK� QD� U\VXQNX� ��Z\QLND�� *H� QLH]DOH*QLH� RG� VSR-
VREX�QDSHáQLDQLD�NROXPQ\�SRPLDURZHM��SU]\URVW�RSRUX�SU]HSá\ZX�E\á�QLHOLQLRZ\�
L� UyVá� ]� SU
GNR�FL�� SU]HSá\ZX� SRZLHWU]D�� :� ]DNUHVLH� SU]\M
W\FK� SU
GNR�FL�
QDMZL
NV]\�RSyU�SU]HSá\ZX�SRZLHWU]D�Z\VW�SLá��JG\�NROXPQ
�QDSHáQLDQR�]JRGQLH�
]H� VSRVREHP� &�� :� W\P� SU]\SDGNX� J
VWR�ü� SUyENL� UyZQLH*� E\áD� QDMZ\*V]D��
W SU]\SDGNX�QDSHáQLDQLD�NROXPQ\�]JRGQLH�]H�VSRVREHP�%��J
VWR�ü�SUyENL�L�RSyU�
SU]HSá\ZX�SRZLHWU]D�E\á\�Z\UD(QLH�PQLHMV]H��1DMPQLHMV]D�J
VWR�ü�SUyENL�L�RSyU�
SU]HSá\ZX�SRZLHWU]D�Z\VW�SLá\��JG\�NROXPQ
�SRPLDURZ��QDSHáQLDQR�]JRGQLH�]H�
sposobem A. 
 

Rys. 3. =DOH*QR�ü��RSyU�SU]HSá\ZX�SRZLHWU]D�-�SU
GNR�ü�SU]HSá\ZX�SRZLHWU]D��GOD�WU]HFK�VSRVR-
EyZ�IRUPRZDQLD�$�%�&�SUyEHN�]LDUQD�SV]HQLF\�RGPLDQ\�5\VD�R�ZLOJRWQR�FL���� 
Fig. 3. Relationship: airflow resistance – air velocity for different methods of filli ng, A, B, C, 
obtained for wheat grain en masse, variety Rysa, of 11% of moisture content 
 

3U]\� VSRVRELH� QDSHáQLDQLD� $� ]LDUQLDNL� Z\Sá\ZDá\� ]� RWZRUX� OHMD� ]DV\SRZHJR�
z QDMQL*V]HM��PR*OLZHM�Z\VRNR�FL�L�XNáDGDá\�VL
�GáX*V]\PL�RVLDPL�Z]GáX*�WZRU]�FHM�
VWR*ND� XV\SX�� FR� VSU]\MDáR� Z\WZRU]HQLX� XSRU]�GNRZDQHM� VWUXNWXU\� ZHZQ
WU]QHM�
]áR*D��:�W\P�SU]\SDGNX�HQHUJLD�NLQHW\F]QD�]LDUQLDNyZ�E\áD�PLQLPDOQD��:�SU]\-
SDGNX� QDSHáQLDQLD� NROXPQ\� SRPLDURZHM� ]JRGQLH� ]H� VSRVREDPL� %� L� &�� UHSUH]HQ-
WXM�F\PL�UR]SURV]RQH�VSRVRE\�QDSHáQLDQLD�]ELRUQLND��Z�NWyU\FK�VSDGDM�FH�]LDUQLDNL�
WZRU]\á\� Z� NROXPQLH� SRPLDURZHM� SáDVN�� SRZLHU]FKQL
�� Z]URVW� RSRUX� SU]HSá\ZX�
SRZLHWU]D�� Z� VWRVXQNX� GR� VSRVREX� QDSHáQLDQLD� $� ]ZL�]DQ\� E\á� JáyZQLH� ]H�
wzrostem energii kinetycznej ziarniaków i ich WHQGHQFM��GR�SR]LRPHJR�XNáDGDQLD�
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VL
� GáX*V]\PL� RVLDPL� QD� SRZLHU]FKQL� IRUPRZDQHJR� ]áR*D�� 3U]\NáDGRZR�� SU]\�
SU
GNR�FL� SU]HSá\ZX� ���� P⋅s-1�� RSyU� SU]HSá\ZX� SRZLHWU]D� GOD� VSRVREX� IRUPR-
ZDQLD� &� E\á� R ���� ZL
NV]\� RG� RSRUX� SU]HSá\ZX� SRZLHWU]D� GOD� SUyENL� IRUPR-
wanej zgodnie ze sposobem A 

W tabeli 1 zamieszczono parametry równania Erguna dla otrzymanych prze-
ELHJyZ� GR�ZLDGF]DOQ\FK��:]URVW� RSRUX� SU]HSá\ZX� SRZLHWU]D� Z\ZRáDQ\� Z]UR-
VWHP� J
VWR�FL� SUyEHN�� ]DOH*Q\P� RG� VSRVREX� LFK� IRUPRZDQLD�� RGE\ZDá� VL
� QD�
VNXWHN� Z]URVWX� XG]LDáX� OLQLRZHJR� ZVND(QLND� Z� UyZQDQLX� (UJXQD�� RSLVXM�FHJR�
ODPLQDUQ\� SU]HSá\Z� SRZLHWU]D�� 3U]\URVW� J
VWR�FL� SUyEHN� ZSá\ZDá� UyZQLH*� QD�
Z]URVW� XG]LDáX� VNáDGQLND� QLHOLQLRZHJR� UyZQDQLD� (UJXQD� Z� FDáNRZLW\P� RSRU]H�
SU]HSá\ZX�SRZLHWU]D� 

 
Tabela 1.�3DUDPHWU\�UyZQDQLD�(UJXQD�L�ZVSyáF]\nniki determinacji  
Table 1. Parameters of the Ergun equation and determination coefficient 
 

Parametr – Parameter Sposób formowania próbek 

Methods of sample fil ling A B 

R2 

A 1,08 6,90 0,997 

B 1,57 8,61 0,996 

C 2,11 8,64 0,996 

 
3U]HSURZDG]RQH� ZF]H�QLHM� >�@� L� DNWXDOQH� EDGDQLD� ZVND]XM�� QD� LVWRWQ\� ZSá\Z�

J
VWR�FL�XSDNRZDQLD�QDVLRQ�QD�RSyU�SU]HSá\ZX�SRZLHWU]D�SU]H]�]áR*H��:LEUDFMH�RUD]�
VSRVyE� QDSHáQLDQLD� ]ELRUQLND� Z\UD(QLH� ZSá\ZDM�� QD� ]PLDQ
� J
VWR�FL� PDWHULDáX��
:\GDMH� VL
� MHGQDN�� *H� ]DJ
V]F]DQLH� ]LDUQD� SV]Hnicy sprzyja powstawaniu bardziej 
XSRU]�GNRZDQHM� VWUXNWXU\�� Z� NWyUHM� UyZQLH*� ]PLDQD� SU]HVWU]HQQHJR� XáR*HQLD�
]LDUQLDNyZ�ZSá\ZD�QD�RSyU�SU]HSá\ZX�SRZLHWU]D��-HGQR]QDF]QH�WHJR�UR]VWU]\JQL
FLH�
Z\PDJD� MHGQDN� SURZDG]HQLD� GDOV]\FK� EDGD�� ]PLHU]DM�F\FK� GR� RFHQ\� ]DOH*QR�FL�
RSRUX�SU]HSá\ZX�RG�NLHUXQNX�SU]HSá\ZX�SRZLHWU]D�SU]H]�ZDUVWZ
�PDWHULDáX� 

 
WNIOSEK 

 
6SRVyE�QDSHáQLDQLD�]ELRUQLND�ZSá\ZD�QD�J
VWR�ü�L�ZDUWR�ü�RSRUX�SU]HSá\ZX�

SRZLHWU]D�]áR*D�]LDUQD�SV]HQLF\��1DMZL
NV]\�RSyU�SU]HSá\ZX�SRZLHWU]D�Z\VW�SLá�
w przypadku gd\� NROXPQ
� SRPLDURZ�� QDSHáQLDQR� V\VWHPHP� UR]SURV]RQ\P� ]�
GX*HM� Z\VRNR�FL�� D� QDMPQLHMV]\� JG\� QDSHáQLDQR� M�� Z VSRVyE� XPR*OLZLDM�F\�
IRUPRZDQLH�VL
�QD�SRZLHU]FKQL�]áR*D�VWR*ND�QDWXUDOQHJR�XV\SX�]LDUQD�� 
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INFLUENCE OF THE FILLING METHOD ON AIRFLOW RESISTANCE  

IN WHEAT GRAIN MASS 

-y]HI�àXNDV]XN� 
,QVWLWXWH�RI�$JURSK\VLFV��3ROLVFK�$FDGHP\�RI�6FLHQFHV��XO��'R�ZLDGF]DOQD������-290 Lublin  

e-mail : jlukas@demeter.ipan.lublin.pl 
 

A bst ract .  The influence of the filli ng method on airflow through mass of wheat grain was 
investigated. The experiments were performed for wheat grain variety Rysa of 11% of moisture 
content and three methods of fill ing. The experiments were performed for air speed in the range from 
0.03 to 0.4 m⋅s-1. It was found that the way of sample filli ng had a significant influence on airflow 
resistance. The difference of airflow resistance between different methods of fill ing reached 50%. 

K ey words:  wheat grain, density, airflow resistance 


