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Industrial cleaning with drones
A guide covering everything from technical details to the necessary equipment
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Drone cleaning

Foam generation with ST-167 bypass injector

–	Pump: 170 bar (2,500 psi); 14 l/min (3.5 gpm)
–	50 m hose DN 10 (= 3/8“) from injector to foot-operated valve
–	50 m BluPUR hose DN 5 (= 3/16“) from foot-operated valve to drone
–	Drone with ST-75 foam nozzle

Foam formation with appropriate throw distance and spray width

Motor-pump unit 
see equipment

“easystart“ valve
see equipment

ST-540 with foot operation
see equipment
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Drone cleaning of facades, roofs, 
and solar installations
Professional drone-based cleaning combines high-pressure 
technology, foam pre-treatment, and unmanned aerial systems 
(UAS) to clean facades, roofs, and solar panels efficiently, safely, 
and without the need for scaffolding.
For cleaning companies, this method is increasingly replacing 
aerial work platforms and rope access techniques, as it offers 
a significantly better safety record and reduces logistics costs. 
Integrating modern high-pressure cleaning with unmanned 
aerial systems enables cleaning companies to achieve precise 
results while simultaneously ensuring the safety of cleaning 
personnel.

When cleaning with drones, it is particularly important to monitor the 
resulting recoil and to consider the balance of forces between lift, weight, 
and the momentum of the discharged water. At the same time, one must not 
overlook the pressure loss caused by the length and diameter of the hose line, 
nor the pressure drop required to draw in the cleaning chemical.
Our accessories are specifically designed for this application and can be 
adapted to the specific operating conditions.
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ST-167 (Pressure and flow rate)
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The flow rate in bypass mode 
remains 14 l/min.

The flow rate in injector mode 
is only 8.5 l / min.

During foaming, 6.5 l/min 
flows into the bypass.

A pressure drop of approximately 
55 % downstream of the injector 
is required to draw in chemicals.

( 170 bar - 55 % = 80 bar )

*

*

Injector Set Up

Supplying water and cleaning agents to a drone operating 
several meters above the ground presents a significant tech-
nical challenge.
To ensure an optimal flow rate of water and chemicals,  
specific rules regarding pressure loss must be observed  
during operation.

ST-167 Bypass Injectors

ST-167 Bypass Injectors
1/2“ F : 1/2“ F. 9 mm hose barb. With ST-161 metering valve. Max. 350 bar / 100 °C.

Flow rate as low as possible!
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ST-167 1.6  
R+M Nr. 200 167 604

ST-167 1.5 
R+M Nr. 200 167 603

ST-167 1.4 
R+M Nr. 200 167 602

ST-167 1.3 
R+M Nr. 200 167 601

ST-167 1.2 
R+M Nr. 200 167 600
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An appropriate hose diameter is required to transport the water upwards 
with minimal flow resistance. However, this also contributes significantly 
to the downward weight and has a decisive impact on the drone‘s  
potential operating height and effectiveness.
Listed below are examples of suitable hoses and their resulting weights 
– including the water – per meter.

Gravity and working height
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Hose DN Working 
pressure 

( bar )

Burst 
pressure 

( bar )

Working 
pressure 

( psi )

Burst 
pressure 

( psi )

Hose 
weight 
kg / m

Water 
weight 
kg / m

Hose + 
water 

weight
kg / m

Greyflex 8 8 250 1,000 3,625 14,500 0.260 0.050 0.310

Greyflex 10 10 275 1,100 3,988 15,950 0.350 0.079 0.429

CARWASH 
COMFORT 6 6 200 800 2,900 11,600 0.086 0.028 0.114

CARWASH 
COMFORT 8 8 200 800 2,900 11,600 0.150 0.050 0.200

Blupur 5 5 200 800 2,900 11,600 0.080 0.020 0.100

Blupur 8 8 180 640 2,610 9,280 0.105 0.050 0.155

flexy365+® 300 6 300 800 4,350 11,600 0.160 0.028 0.378

flexy365+® 500 6 600 2,000 8,700 29,000 0.350 0.028 0.378

Bronze 4 4 300 1,000 4,350 14,500 0.128 0.013 0.141

Required thrust and reaction forces

[ k
g 

]

[ m ]

CARWASH COMFORT 6

blupur 8 

bronze 4

greyflex 10

blupur 5

flexy365+® 500

greyflex 8

CARWASH COMFORT 8

flexy365+® 300

Within the force triangle, particular care must be taken not to push the drone beyond its performance limits, in order to prevent failure.  
A balance must therefore be struck between lift, gravity, thrust, and the weight of the material being transported.
The goal is to ensure a stable position in the air, thereby guaranteeing the longest and most consistent operating time possible.

Factors to consider for the drone‘s stable position in the air

FTDFTD

FWD

FFOAM

FRINSE

FWH	 =  Weight of the hose ( vertical )

FFoam	 =  Foam jet recoil ( pressure, flow rate )

FRinse	 =  Flush jet recoil ( pressure, flow rate )

FWD	 =  Weight of the drone

FD total	 =  Total UAV thrust = 4 x FTD

FD total	 =  ( FFoam + FWD + FWH )



Ideally, the high-pressure hose is routed to the drone from above 
so that as much weight as possible is supported at the upper 
attachment point. This allows the weight load to be reduced by at 
least 50 %.
Strategically lengthening or shortening the supplied hose can 
further reduce the lifting force required by the drone.
Necessary safety precautions must always be observed, and appro-
priate fall protection must be ensured.

Reduction of the drone‘s required lifting force
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Necessary thrust and reaction forces

Reaction force of the flushing jet
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The recoil from the moving volume of fluid, combined with the applied velocity, generates a force that pushes the drone away from the object 
being cleaned. Consequently, the rotors must exert a counter-force to oppose this effect; however, there must be no loss of thrust during this 
process, as doing so could lead to a collision with the object or a crash.

The recoil force during flushing at 15 l/min and 53 bar is approximately 25 N
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Equipment

Annovi Reverberi motor-pump assembly
With bypass valve, ST-7 flow switch, delayed total-stop control, 
pressure gauge, 5 m power cable, and on/off switch. 400 V.

R+M Nr.	 	 	 	 	
170 294 32 	 170	 14	 1,450	 4	 MTP XM 17.14

“easystart” valve
Start-up valve to delay the pressure rise when the pump starts.
Brass / stainless steel. Closes at 4 l/min. Max. 350 bar / 150 °C.

R+M Nr.	 	
200 232 510	 3/8“ M	 1/4“ M

We showcase efficient solutions for professional cleaning companies and 
offer the necessary components for industrial drone cleaning – from pumps 
to nozzles:

Online-Shop / 
Drone cleaning
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Annovi Reverberi pump
High-pressure pump. 
Recommended combination: 170 206 40 + 176 000 000 + 200 265 500.

R+M Nr.	 	 	 	 	
170 206 40	 275	 15	 1,450	 8.2	 RK15.28HN

Gearbox for pumps, Type B 18
Gear ratio 1 : 2.176. Motor: 8 –13 kW.
Motor shaft Ø 25.4 mm. Pump shaft Ø 24.0 mm

R+M Nr. 
176 000 000	

Suttner Unloader Valve ST-265
With ball check valve.
Inlet 3/8“ F. Outlet 3/8“ F. Bypass 3/8“ F. Max. 350 bar / 80°C.

R+M Nr. 			 
200 265 500			   50 l/min	

Bertolini pump
High-pressure pump. 
Recommended combination: 177 013 300 + 176 000 000 + 200 265 500.

R+M Nr.	 	 	 	 	
177 013 300	 300	 13	 1,450	 7.6	 TTL 1330

Symbols    shipment by truck    pressure    flow    revolutions    kilowatt    type
 inlet    outlet    nozzle    packing unit    length    material    nominal diameter
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R+M Nr.	 	 	
342 201 445 409	 8	 250	 40 m
342 201 445 509	 8	 250	 50 m
342 201 545 609	 8	 250	 60 m
352 201 445 409	 10	 275	 40 m

352 201 445 509	 10	 275	 50 m

352 201 445 609	 10	 275	 60 m

ST-540 with foot pedal operation
Includes ST-2605 heavy-duty spray gun. Powder-coated steel housing.
Rubber feet. Max. 350 bar / 45 l/min / 150 °C.

R+M Nr.	 	  
200 540 500	 1/4“ M	 3/8“ F

easyprotect365+ hose restraint
For securing hose ends at foot pedals, pumps, or connections. 25 x 750 mm. 
Manufactured and tested in accordance with EN 12195-2.

R+M Nr.	 	 	 	 Tensile strength
956 160 050	 50	 750 mm	 Polyester	 30 kN / 3 tons

Equipment

High-pressure hose greyflex DN 8 / DN 10
Smooth cover. Fittings made entirely of stainless steel. AGR 3/8“ : AGR 3/8“.

High-pressure hose CARWASH COMFORT DN 06 / DN 08
Smooth cover. AGR 3/8“ : AGR 3/8“.

High-pressure hose CARWASH COMFORT PREMIUM DN 06
Extremely flexible and elastic high-pressure hose. AGR 3/8“ : AGR 3/8“.
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R+M Nr.	 	 	
465044340	 6	 200	 40 m
465044350	 6	 200	 50 m
465044360	 6	 200	 60 m
4714044340	 8	 200	 40 m

4714044350	 8	 200	 50 m

4714044360	 8	 200	 60 m

R+M Nr.	 	 	
412 040 040	 	 200	 40 m
412 040 050	 	 200	 50 m
412 040 060	 	 200	 60 m

Pipe cleaning hose blupur DN 05
Plastic hose with a fabric reinforcement. Smooth surface. 1/8“ M : 1/8“ M.

R+M Nr.	  	 	
420 340 040	 300	 300	 40 m
420 340 050	 300	 300	 50 m
420 340 060	 300	 300	 60 m

Pipe cleaning hose flexy365+® 300 DN 06
1 wire. Smooth surface. 1/8“ M : 1/8“ M.

R+M Nr.	 	 	
411 040 040		  300	 40 m
411 040 050		  300	 50 m
411 040 060		  300	 60 m

Pipe cleaning hose R+M 1 / Bronze DN 04
1 wire. 1/8“ M : 1/8“ M.

R+M Nr.	 	 	
466 044 134 0		  200	 40 m
466 044 135 0		  200	 50 m
466 044 136 0		  200	 60 m

ST-2605



Coupling ST-245
Stainless steel. Max. 350 bar.

R+M Nr.	
200 245 500	 1/4“ F

Nipple ST-245
 1/4“ M. Stainless steel. Max. 350 bar.

R+M Nr.	
040 005 447	 27.5 mm

U-lance
Max. 250 bar / 150 °C

R+M Nr.	 	 	
070 009 019	 2 x 1/4“ M	 200 mm	 Stainless steel

R+M Nr.	
200 415 640	 04
200 415 670	 07

200 415 680	 08
200 415 690	 09

Equipment

ST-415 Lightweight Rotary Nozzle
Specially designed for drones. Weight approx. 140 g. Max. 80 bar, max. 60 °C.

ST-75 foam head
Brass. With nozzle. Max. 350 bar / 100 °C.

R+M Nr.	 	
200 075 576		  1.35		  1/4“ F
200 075 577 		  1.45		  1/4“ F
200 075 572 		  1.60		  1/4“ F
200 075 575		  1.75		  1/4“ F
200 075 573 		  1.90		  1/4“ F
200 075 580		  2.10		  1/4“ F
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easyfoam365+® Bypass Injector ST-167
1/2“ F : 1/2“ F. 9 mm hose barb. With metering valve ST-161. Max. 350 bar / 100 °C.

R+M Nr.	
200 167 600	 1.2 mm
200 167 601	 1.3 mm
200 167 602	 1.4 mm
200 167 603	 1.5 mm
200 167 604	 1.6 mm

In light of stricter environmental regulations and the growing demand 
for rapid, safe building maintenance, drone-based high-pressure  
cleaning is no longer a niche product – it is becoming the new standard.

Investing in these systems ensures the competitiveness, sustainability, 
and, above all, the safety of modern cleaning companies ...

Drone-based cleaning of facades, roofs, 
and photovoltaic systems:
An overview of professional 
high-pressure UAV systems

Drone-based de-icing of high-voltage lines is a UAV-assisted process in 
which a high-pressure, long-range nozzle blasts ice off the conductor 
cable from a safe distance.

This method allows for de-icing during live operation, eliminates risks 
to personnel working at heights, and protects towers, insulators, and 
conductor cables from mechanical stress ...

Drone-based de-icing of 
high-voltage lines:
Precision grid maintenance using 
UAV technology
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Application

Combinations and pressure loss

Various custom-configured systems are already successfully in use 
worldwide. The following examples provide information on the pressure 
losses occurring during operation and allow for the calculation of the 
resulting forces.
All listed components are matched to one another, enabling the successful 
use of drones. Particular consideration is given to the option of applying 
cleaning agents to handle a wide range of cleaning tasks.
Examples include PV system cleaning, façade cleaning, and roof cleaning. 
The potential applications are diverse, as the systems can be deployed in 
locations where setting up and using other equipment would entail high 
costs or would otherwise be impossible due to the circumstances.
We would be happy to assist you in calculating the appropriate configura-
tion for your specific application.

Calculation of the available pressure at the foam head (application example with pump 170 bar)

Foam formation with appropriate throw distance and spray width
– Pump 170 bar, 15 l/min
– Foam generation with ST-167 bypass injector
–	50 m hose DN 10 (= 3/8“) from injector to foot-operated valve
–	50 m BluPUR hose DN 5 (= 3/16“) from foot-operated valve to UAS
–	UAS with ST-75 foam nozzle

+ Available pressure at the pump	 170 bar
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
- Pressure drop between pump and injector	 - 0 bar
- Required pressure drop across the injector (- 55 %)	 - 90 bar
- Pressure drop between injector and foot valve	 - 2.5 bar
- Pressure drop across the foot valve	 - 2.5 bar
- Pressure drop in the UAS supply line	 - 40 bar
- Pressure drop due to UAS elevation	 - 4 bar
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
= Residual pressure at the foam head	 31 bar

Pump
14 l/min

Downstream of the 
injector (during foaming)

10.5 l/min

All intermediate pressure losses 
result in a final flow rate 

of 10.5 l/min

170 bar 80 bar 31 bar

Injector nozzle 
with jet shaper
for foam nozzles

R+M Nr. 
200 075 409

Injector nozzle 
required

for an optimal 
foam result

Residual pressure at 
the foam head

*

*
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Application
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High-pressure 
cleaner 210 bar

9.5 l/min

Downstream of the 
injector ( foaming )

9.5 l/min

All intermediate pressure losses 
result in a final flow rate 

of 9.5 l/min

210 bar 100 bar 51 bar

Application example with a high-pressure cleaner 210 bar, 9.5 l/min

ST-75 foam head

+ Injector nozzle 
R+M Nr. 200 075 409

Foam generation with injector 
ST-167 R+M Nr. 200 167 600

Pressure drop between 
pump and injector =

- 0 bar

In case of foaming:
required pressure drop 

across the injector =
- 55 %

Pressure drop between injector and foot valve = - 2.5 bar
Pressure drop across the foot valve = - 2.5 bar
Pressure drop in the UAS supply line = - 40 bar

Pressure due to UAS elevation = - 4 bar
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High-pressure 
cleaner 210 bar

9.5 l/min

Downstream of the 
injector ( switched off ! )

9.5 l/min

All intermediate pressure losses 
result in a final flow rate 

of 9.5 l/min

210 bar 205 bar 100 bar

No foam generation

High-pressure 
cleaner 280 bar

15 l/min

Downstream of the 
injector ( foaming )

10.5 l/min

All intermediate pressure losses 
result in a final flow rate 

of 10.5 l/min

280 bar 125 bar 76 bar

Application example with a high-pressure cleaner 280 bar, 15 l/min

ST-75 foam head

+ Injector nozzle 
R+M Nr. 200 075 409

Pressure drop between 
pump and injector =

- 0 bar

In case of foaming:
required pressure drop 

across the injector =
- 55 %

Pressure drop between injector and foot valve = - 2.5 bar
Pressure drop across the foot valve = - 2.5 bar
Pressure drop in the UAS supply line = - 40 bar

Pressure due to UAS elevation = - 4 bar
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High-pressure 
cleaner 280 bar

15 l/min

Downstream of the 
injector ( switched off ! )

10.5 l/min

All intermediate pressure losses 
result in a final flow rate 

of 10.5 l/min

280 bar 275 bar 60 bar

U-Lance 
R+M Nr. 070 009 019No foam generation

ST-415 rotary nozzle 
R+M Nr. 200 415 640

2x ST-415 rotary nozzle 
R+M Nr. 200 415 640

Foam generation with injector 
ST-167 R+M Nr. 200 167 600



Application

High-pressure 
cleaner 170 bar

15 l/min

Downstream of the 
injector ( foaming )

8.5 l/min

All intermediate pressure losses 
result in a final flow rate 

of 8.5 l/min

170 bar 85 bar 31 bar

Application example with a high-pressure cleaner 170 bar, 15 l/min

ST-75 foam head

+ Injector nozzle 
R+M Nr. 200 075 409

Foam generation with injector 
ST-167 R+M Nr. 200 167 600

Pressure drop between 
pump and injector =

- 0 bar

In case of foaming:
required pressure drop 

across the injector =
- 55 %

Pressure drop between injector and foot valve = - 3.5 bar
Pressure drop across the foot valve = - 2.5 bar
Pressure drop in the UAS supply line = - 40 bar

Pressure due to UAS elevation = - 4 bar
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High-pressure 
cleaner 170 bar

15 l/min

Downstream of the 
injector ( switched off ! )

9.5 l/min

All intermediate pressure losses 
result in a final flow rate 

of 15 l/min

170 bar 160 bar 50 bar

ST-415 rotary nozzle 
R+M Nr. 200 415 680No foam generation

High-pressure 
cleaner 240 bar

15 l/min

Downstream of the 
injector ( foaming )

10.5 l/min

All intermediate pressure losses 
result in a final flow rate 

of 10.5 l/min

240 bar 108 bar 59 bar

Application example with a high-pressure cleaner 240 bar, 15 l/min

ST-75 foam head

+ Injector nozzle 
R+M Nr. 200 075 409

Pressure drop between 
pump and injector =

- 0 bar

In case of foaming:
required pressure drop 

across the injector =
- 55 %

Pressure drop between injector and foot valve = - 2.5 bar
Pressure drop across the foot valve = - 2.5 bar
Pressure drop in the UAS supply line = - 40 bar

Pressure due to UAS elevation = - 4 bar

A
pp

lic
at

io
n 

w
it

h 
fo

am
 n

oz
zl

e
A

pp
lic

at
io

n 
w

it
h 

ro
ta

ry
 n

oz
zl

e

High-pressure 
cleaner 240 bar

15 l/min

Downstream of the 
injector ( switched off ! )

10.5 l/min

All intermediate pressure losses 
result in a final flow rate 

of 10.5 l/min

240 bar 235 bar 60 bar

U-Lance 
R+M Nr. 070 009 019No foam generation
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2x ST-415 rotary nozzle 
R+M Nr. 200 415 640

Foam generation with injector 
ST-167 R+M Nr. 200 167 600
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