
Mechanical process engineering
Storage and flow of bulk solids guntgunt

VORLAGE
Momentengleichgewicht am zweiarmigen Hebel

Beschreibung

• Grundlagen des Momentengleich-
gewichts und Anwendung des He-
belgesetzes

Mit EM 049 werden am Beispiel eines
zweiarmigen Hebels die Grundlagen des
Momentengleichgewichts untersucht.
Auftretende Momente am Hebel sollen
ins Gleichgewicht gebracht werden.

Ein mittig gelagerter Balken stellt einen
zweiarmigen Hebel dar. Auf den Hebel

werden verschiebbare Reiter gesetzt
und Gewichte aufgebracht. Durch Ver-
schieben der Gewichte wird ein Gleich-
gewicht eingestellt. Abstände vom Dreh-
punkt, die Hebelarme, können auf einer
integrierten Skala abgelesen werden.
Die Berechnung der Hebelarme wird im
Versuch überprüft.

Eine Standsäule trägt den Hebel, eine
stabile Grundplatte gewährleistet siche-
ren Stand.

Lerninhalte/Übungen

• Grundlagen des Momentengleichge-
wichts: angreifende Kräfte, erzeugte
Momente und Gleichgewicht

• Wirkung von Kräften in Abhängigkeit
vom Hebelarm

Spezifikationen

[1]Untersuchung des Momentengleich-
gewichts am zweiarmigen Hebel

[2] kugelgelagerter Balken mit integrier-
tem Maßstab als zweiarmiger Hebel

[3]stabiler, standfester Rahmen aus
Metall

[4]Aufbewahrungssystem für die Teile

Technische Daten

Balken
• LxBxH: 600x30x10mm, mittig kugel-

gelagert
• Hebellänge: 2x 300mm
Gewichte
• 3x 1N (Hänger)
• 6x 5N
• 12x 1N

LxBxH: 600x300x410mm
Gewicht: ca. 10kg
Aufbewahrungssystem:
LxBxH: 200x70x40mm
LxBxH: 95x68x35mm

Lieferumfang

1 Versuchsgerät
1 Satz Gewichte
1 Satz didaktisches Begleitmaterial
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Basic knowledge

Storage and flow of bulk solids

Typical phenomena when bulk solid is flowing out of a hopper or silo are:�

• Mass flow

The entire vessel contents are in motion during discharge of the 
bulk solid. If the area above the hopper is high enough, a uniform 
sinkage across the cross-section occurs (piston flow). �

• Funnel flow

Only a limited zone above the discharge opening, which can 
widen out upwards in a funnel shape, is in motion during dis-
charge of the bulk solid. At the sides of the flowing bulk 
so-called dead zones are formed, in which the material is at 
rest. The material rests in those zones for a long time, and 
is only discharged towards the end of the emptying process.  
Moreover, a bulk solid which is not very free-flowing may become 
compacted in the dead zones to such an extent that it will not 
flow out by gravity alone. 

• Arching

In the case of poor flowing, cohesive bulk solids, a stable arch 
may form in the discharge hopper causing the material flow to 
come to a stop.�

• Segregation

When filling storage containers, segregation may occur if the 
particles are of differing size, shape or density. Segregation by 
its nature reduces product quality.

Whether mass or funnel flow is occurring depends on the flow 
properties of the bulk solid and on the wall material and angle of 
inclination of the hopper walls. The required angle of the hopper 
walls can be calculated if the flow properties are known. The 

flow properties are measured using shear testers. With these 
measured values, the minimum size of the discharge opening to 
avoid arching can also be calculated.

A mass flow,  
B funnel flow,  
C arching; 
Θ angle of hopper wall, 
1 dead zones

The term “bulk solids” generally refers to materials in the form of 
collections of single or individual particles. These particles may 
be very fine (powder) or coarse. Examples are ores, cement, 
foodstuffs or chemical products. Bulk solids are stored in tanks, 
containers or silos, depending on quantity. The storage facilities 
must be designed such that they neither impair product quality 
nor cause disturbances to the removal of the bulk solids.

Bulk solids do not behave like Newtonian fluids either when 
flowing or when at rest in storage. In contrast to Newtonian 
fluids, bulk solids can also transmit transverse strain when at 

rest, and accordingly form surfaces which tend to be stable. Nor 
are analogies with the behaviour of solids usually possible. For 
example, in contrast to solids, a bulk solid cannot transmit any 
significant tensile stresses. 

Consequently, in order to describe the behaviour of bulk sol-
ids there is a dedicated discipline known as bulk mechanics or 
powder mechanics, which is founded on that of soil mechanics.

For more information on the subject: Schulze, D.: Powders and Bulk Solids, Springer, Berlin Heidelberg New York (2007)
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