
73ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ/FIRE AND EXPLOSION SAFETY 2019 ÒÎÌ 28 ¹ 4

ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÛÅ ÑÈÑÒÅÌÛ È ÑÐÅÄÑÒÂÀ

https://doi.org/10.18322/PVB.2019.28.04.63-81

UDC 614.842.6

Actual problems of positioning of the robotic monitors

to fire area in robotic fire suppression systems.

Part 2. RFM operating programs for fire extinguishing

with static streams considering RFMs positioning to fire area*

© Leonid M. Meshman 1, Vladimir A. Bylinkin1, Yuriy I. Gorban2�,

Mikhail Yu. Gorban2, Kristina Yu. Fokicheva2

1 All-Russian Research Institute for Fire Protection of Emercom of Russia

(VNIIPO, 12, Balashikha, Mosñow Region, 143903, Russian Federation)

2 Engineering Centre of Fire Robots Technology “FR” LLC (Zavodskaya St., 4,

Petrozavodsk, Republic of Karelia, 185031, Russian Federation)

ABSTRACT

The efficiency of robotic fire monitors depends on the fire extinguishing method chosen for these programmable

devices to the large extent. This efficiency depends on the correct target, it means on the correct positioning. This

issue contains final materials based on fire tests conducted according to the program and methods of VNIIPO in

2014–2018 years. Options for RFM positioning with respect to fire area are described. Curves of coverage by

static high-angled or frontal streams are given. It is shown that curves depend on the angle of stream attack to

the protected surface. The features of fire extinguishing with static streams at angles of attack of 90° and less

than 90° are given. The parameters at which fire is to be extinguished by static stream are given for stream contact

spot with surface and covered area.
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1. RFMs positioning

with respect to fire area

Options of RFM positioning with respect to fire area

are shown in Fig. 12–15.

If each place of room or point of equipment to be

protected must be located in operation area of at least

two RFMs it does not mean that two RFMs should

simultaneously operate and extinguish the fire area.

Efficient fire extinguishing can be provided by only one

RFM. At the same time, according to the results of ex-

periments, the most efficient operation of RFSS is ob-

served when FEA is supplied simultaneously from two

oppositely installed RFMs.

The total flow rate of fire extinguishing agent and

the duration of RFSS continuous operation shall be at

least as those specified in Table 5.1 of Set of rules

5.13130.2009 (SP 5) [40]. The total flow rate of RFSS

is to be specified taking into account the number of

RFMs simultaneously operated, the hydraulic losses in

supply pipeline, type and size of fire load, technolo-

gical features of the object, type of rooms (1, 2 or 4)

according to Appendix B of SP 5 [40].

It is indicated in Table 5.1 of SP5 [40] that for general-

purpose sprinklers, according to GOST R 51043–2002

(Automatic water and foam fire fighting systems. Sprink-

lers, spray nozzles and water mist nozzles. General tech-

nical requirements. Test methods), the minimum cove-

rage area with the required coverage intensity is 12 m2,

and for conventional AFSS (depending on room class

according to Construction Rules SP 5 [40]) — from 60

to 180 m2.

The projection of covered spot of high-angled streams,

or frontal streams, or scanning straight streams, or sprayed

FEAstreams generated by one RFM, depending on angle

of stream supplying to object to be protected, may be in

the form of a circle or an ellipse.

For the stream to cover minimum protected circular

area of 12 m2, its diameter shall be at least 4 m, and

the diameter of the circle circumscribed about a four-

square of 60 m2 — at least 11 m. However, the wider is

the stream, the smaller is its effective maximum range,

therefore in case of FEA wide streams their range will
* It is continuation. See the beginning of this article in Pozharo-

vzryvobezopasnost�Fire and Explosion Safety, 2019, no. 3.
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not exceed several meters, which is absolutely unaccep-

table for the specific conditions of RFSS use.

The RFM control system shall provide hydraulic

and traveltime parameters, including the stream spray

angle and correction angle between the vision line of

targeting detector and the elevation line of RFM, so that

notwithstanding of the distance to fire area the diameter

of FEA stream spot that contacts with the object to be

protected shall be kept unchanged.

Coverage curves for high-angled or frontal streams

depend on stream angle of attack � to the protected sur-

face.

In actual practice, RFM provides space protection

in the horizontal plane within about 360°. Curve of co-

verage of the protected surface by RFM stream at

the angle of attack � = 90° is a circle, and in other cases

— an ellipse, and the smaller is the angle of attack �,

the more elongated will be the ellipse.

The number of scanning lines is determined depend-

ing on the size of FEAspot that contacts with the surface

to be protected and the height of area to be protected.

Fig. 12. RFMs positioning with respect to class B fire area if they

are located at one side and in case of use of static (stationary)

streams: à — side view; b — top view; 1 — fire load (tray with

liquid fuel); 2 — support; Â — room width; D — diameter of

the tray with liquid fuel; Í — height of RFM installation; h —

perpendicular distance between liquid fuel surface and RFM ro-

tation axis; L — distance between RFMs along axis Õ; L1, L2 —

perpendicular distance between the center of the tray with liquid

fuel and RFM 1 and RFM 2 respectively; R1, R2 — conventional

axes of straight stream or FEA sprayed stream; Ref — efficient

range of FEA stream; f — height of tray sides; �1Z, �2Z — angle of

attack of straight stream or FEA sprayed stream along the axis Z

of RFM 1 and RFM 2 respectively; �1Õ, �2Õ — angle of attack of

straight stream or FEA sprayed stream along the axis Õ of RFM 1

or RFM 2 respectively; Y1,2 — Y axial distance between center of

fire load and RFM 1, RFM 2

Fig. 13. RFMs positioning with respect to class A fire area if RFMs

are located opposite to static (stationary) stream supply: à — side

view; b — top view; 1 — wooden stack-pile; 2 — support; Í —

height of RFM installation; h — perpendicular distance between

top surface of fire load and RFM rotation axis; L — distance

between RFMs along axis Õ; L1, L2 — perpendicular distance

between the center of fire load and RFM 1 and RFM 2 respecti-

vely; x, y, z — length, width and height of fire load; Y1, Y2 — dis-

tance along the axis Y between center of fire load and RFM 1 and

RFM 2 respectively



75ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ/FIRE AND EXPLOSION SAFETY 2019 ÒÎÌ 28 ¹ 4

ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÛÅ ÑÈÑÒÅÌÛ È ÑÐÅÄÑÒÂÀ

Based on the results of measurements of stream spot,

the coverage both inside the circle and inside the ellipse

is uneven. The enough concentrated area with satisfac-

tory coverage intensity is located at a distance of about

90 % of the maximum range (the far drops). The distance

to this area is considered to be effective range. Stream

spot area where 70 % of the supplied water falls dawn

is the efficient coverage area. When stream vibrating,

oscillating, or scanning, the coverage becomes more

uniform. The effective area of coverage spot shall be

taken into account when programming coverage mode

subject to stream range.

Fig. 14. RFMs positioning with respect to class A fire area if they

are located at one side and in case of scanning streams: à — side

view; b — top view; 1 — fire load; 2 — support; Â — room width;

Í — height of RFM installation; h — distance between top sur-

face of fire load along axis Z and RFM rotation axis; L — distance

between RFMs along axis Õ; L1, L2 — distance between the center

of top surface of fire load along X axis and RFM 1 and RFM 2 re-

spectively; R1beg, R1end, R2beg, R2end — conventional axes of

straight stream or FEA sprayed stream at the beginning and end

of scanning cycle of RFM 1 and RFM 2 respectively; Ref — effi-

cient range of FEA stream; x, y, z — length, width and height of

fire load; �1Z, �2Z — angle of attack of straight stream or FEA

sprayed stream along the axis Z of RFM 1 and RFM 2 respecti-

vely;�1Õ,�2Õ — angle of attack of straight stream or FEA sprayed

stream along the axis Õ of RFM 1 or RFM 2 respectively; �1, �2

— scanning angle range of RFM 1 and RFM 2 respectively;�1 —

actual coverage angle range for RFM 1; Y1,2 — Y axial distance

between center of fire load and RFM 1, RFM 2

Fig. 15. RFMs positioning with respect to class B fire area (ex-

tended rectangular tray) if they are located at opposite sides and

in case of scanning streams: à — side view; b — top view; 1 —

fire load (extended rectangular tray); 2 — support; Â — room

width; Í — height of RFM installation; h — distance between

face of liquid fuel along axis Z and RFM rotation axis; L1, L2 —

distance between the center of tray with liquid fuel and RFM 1

and RFM 2 respectively; R1beg, R1end, R2beg, R2end — conven-

tional axes of straight stream or FEA sprayed stream at the be-

ginning and end of scanning cycle of RFM 1 and RFM 2 respec-

tively; Y1 — distance between RFM 1 and center of fire load

along axis Y; f — height of tray side walls; x, y — length and

width of tray;�1,�2 — scanning angle range of RFM 1 and RFM 2

respectively; �1 — actual coverage angle range for RFM 1

* See the beginning of this article: L. M. Meshman, V. A. Bylinkin,

Yu. I. Gorban, M. Yu. Gorban, K. Yu. Fokicheva. Actual problems

of navigation to the fire robotic trunks in robotic fire extinguishing

system. Part 1. Âackground to the establishment of RFS and spe-

cific characteristics of the fire fighting RFM. Pozharovzryvobez-

opasnost�Fire and Explosion Safety, 2019, vol. 28, no. 3, pp. 70–88

(in Russian). DOI: 10.18322�PVB.2019.28.03.70-88.

Based on different RFM positioning schemes at

Fig. 8–11*, the sighting of targeting detector to fire area

and the elevation of RFM have different angular three-

dimensional positioning. To simplify and reduce wordage
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of material, streams contact with surface of fire load is

any further considered in one plane.

2. Operating programs for RFMs used

for fire suppression with static streams

2.1. Static streams positioned

to the front surface (q � 90°)

Maximum allowable fire area for static streams

(� � 90°) is calculated based on circle area Sc, that is re-

sulted from stream or sprayed FEA contact with object

to be protected.

In this case, the RFM program targets monitor by

one of the following ways, based on positioning inaccu-

racy angle � and the dead zone angle of targeting de-

tector �:
� under flame edge so that the lower flame edge is en-

tirely within the contact spot of stream and surface

to be protected (Fig. 16,a);
� to flame center so that the area to be protected being

in fire, is entirely within the contact spot of stream

and surface to be protected (Fig. 16,b).

At the same time, in all cases, the RFM operating

program provides the FEA stream targeting to the fire

area by:

� analyzing FEA pressure and if it changes the pro-

gram changes the ballistics with respect to the ver-

tical targeting angle (elevation angle) of monitor

outlet nozzle depending on the distance to fire area

and FEA pressure;

� selecting the FEAspray angle depending on the dis-

tance from RFM to fire area.

In Fig. 16,a and 16,b, the range of coverage angles,

with regard to FEA spreading in horizontal direction

over the protected surface, is equal to actual range of

coverage angles � = �. Let us assume that in this case

the RFM program, taking into account the angle of po-

sitioning inaccuracy� and dead zone angle of targeting

detector �, positions RFM to the axis of BB1 flame and

determines, depending on the distance to fire area,

the required FEA stream diameter Dstr at the moment

of its contact with fire surface, wherein stream diameter

is bigger than flame length, i. e. Dstr > Lfl. When RFM

targeting to fire area, its monitor can move not only in

Fig. 16. Curve of frontal surface coverage with static stream with an angle of attack of �  90° during its targeting: a — under flame

edge; b — to flame center; 1 — flame; 2 — coverage area at the moment of stream contact with surface to be protected; 3 — additional

area covered due to FEA flowing down in vertical direction; 4 — RFM; Dstr — stream diameter at the moment of its contact with the pro-

tected surface; Lcontact = Lcover = AC — the length of contact and coverage area when FEA contacts with protected surface; Lfl — flame

length; Y� — is the distance along the Y axis to the center of the flame
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horizontal direction — from left to right or right to left,

but also simultaneously in vertical direction — from

up to down or from down to up.

If stream is supposed to be sighted along the axis of

registered BB1 fire area and it is not beyond the area of

stream contact with the ABC surface, and the angle 

is not bigger than angle �, then static frontal stream

provides the fire extinguishing. In this case, the contact

spot of stream and covered surface have the following

parameters:
� contact spot:

à) in angular coordinates (hereinafter: for simpli-

city of description angular coordinates was ta-

ken only along axis Õ):

� ! 
 = " + 2� + 2�; (1)

b) in linear dimensions (hereinafter: if R >> Dstr

(where R — stream operating range) we take

curve area L to be straight):

Lcontact = Dstr = ÀÑ =

= 2R tg (��2) ! 2R tg ("�2 + � + �)
(2à)

or Lcontact  �&�R�180  �R�57.3; (2b)

c) area

S D Dcontact str str� �� 2 24 0785. ; (3)

� coverage area:

a) in angular coordinates:

� ! 
 = " + 2� + 2�; (4)

b) in linear dimensions:

Lcover = Dstr = ÀÑ =

= 2R tg (��2) ! 2R tg ("�2 + � + �)
(5a)

or Lcover  �R�57.3; (5b)

c) coverage square area:

Scover = Scontact ! � � � � ��
�
�

�
�
�

� �D
Y D Y Dstr

str str

2
2 2

8 8
. (6)

It is assumed that, firstly, coverage intensity in Scover

area is not lower than in Scontact circle, since FEA after

contact with the vertical surface flows down along

the Y axis; secondly, intensity and uniformity of co-

verage are within Y�  (1.0�2.0) Dstr. When Y�= 0.5Dstr,

i. e. with coverage area limited by height BB1 = D#Dstr,

we have:

Scover = Scontact ! � �
�D

Dstr
str

2
2

8
0 5.

� ��
�
�

�
�
�  

�
8

0 5 0 892 2. . .D Dstr str

Whereby coverage intensity is within the limits of

circle area of diameter Dstr (see Fig. 16,à) and shall cor-

respond to GOST R 51043–2002 and SP 5.13130.2009

[40]).

If fire area is beyond the contact spot of stream and

surface S ÀÂÑÂ1
, i. e. the angle 
 is bigger than angle �,

then conditions (4)–(6) are not fulfilled and the fire can-

not be extinguished by static stream, so to extinguish

fire it is necessary to increase stream diameter Dstr, or

use line scanning.

2.2. Static streams targeted at an angle
to frontal surface (0 < q < 90°)

For static streams targeted at an angle to frontal sur-

face (0 < � < 90°), the maximum permissible fire area

is initially estimated based on ellipse area Så generat-

ed when stream or FEA sprayed stream contact with

the object to be protected.

As in the previous case, the RFM program positions

monitor by one of the following ways, based on posi-

tioning inaccuracy angle � and the dead zone angle of

targeting detector �:

� under flame edge so that the lower flame edge is en-

tirely within the contact spot of stream and surface

to be protected (Fig. 17,a);

� to flame center so that the area to be protected being

in fire, is in coverage area along FEAcontact ellipse

axis (alignment of vertical flame axis with contact

ellipse small axis) (Fig. 17,b).

At the moment of contact between straight stream

or FEAsprayed stream with a diameter Dstr and burning

area, there appear a contact area in the form of ellipse

S contact ( )ÀÂÑÂ À1
, which provides the overlapping of fire

area.

The smaller is the angle of attack �, the larger is

the area of ellipse S contact ( )ÀÂÑÂ À1
and at a constant flow

rate the less is coverage intensity. Since FEA stream

will slide by inertia along coverage surface in the direc-

tion of its supply (along the X axis), the coverage inten-

sity in the middle of ellipse will not change in a certain

area of semi-ellipse BDB1.

It is assumed that, in comparison with coverage in-

tensity in the area of stream direct contact with surface,

the coverage intensity in area located along the direc-

tion of FEA stream at a certain distance from the boun-

dary of stream contact with covered surface at angle of

attack � from 0 to 90° varies from maximum to mini-

mum, and vice versa, in a certain area located below

the coverage line — from minimum to maximum (i. e.,

coverage intensity corresponding to intensity in contact

area of stream and surface).

At a certain angle of attack �, the length of addi-

tional coverage area CD may be in excess of position-

ing inaccuracy �2 and the dead zone �2 of targeting de-

tector. In this case, the stream diameter Dstr may even

be taken somewhat less than flame width, therefore at

a small angle of attack only the angle of targeting in-

accuracy�1 and dead zone angle �1 of targeting detector

can be considered.
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However, at higher angle of attack � the area of stre-

am contact spot with surface ABCB1A is smaller, the

additional coverage area of ABDB1A is also reduced

and more of FEAflows down in vertical plane. Therefo-

re, at a high angle of attack angle of positioning inaccu-

racy shall be considered and dead zone angle of targe-

ting detector on both sides of flame, i. e., both (�1 + �1)

and (�2 + �2).

If stream is supposed to be sighted along the axis of

registered flame and fire area is within area of stream

contact with the Scontact = ÀÂÑÂ1À surface, and the an-

gle
 is not bigger than angle�, then static stream with�
angle of attack to frontal surface provides the fire extin-

guishing. In this case (at R >> Dstr), and let’s say at a

small angle of attack the contact spot of stream and sur-

face at quasi-constant rate of coverage and coverage

area have the following parameters:
� contact spot:

à) in angular coordinates:

at � < 45°:

� ! 
 = (" + �1 + �1); (7à)

at � ! 45°:

� ! 
 = (" + �1 + �1 + �2 + �2); (7b)

b) in linear dimensions:

Lcontact = ÀÑ = Dstr �sin �; (8)

Fig. 17. Coverage curve of a flat surface with a static sliding stream with an angle

of attack (0 <�< 90°) during its targeting: a — under flame edge; b — to flame

center; 1 — flame; 2 — coverage area at the moment of FEA contact with sur-

face to be protected; 3 — additional area�Sh, covered due to FEA spreading in

horizontal direction; 4 — RFM; 5 — additional area �Sv-h, covered due to

FEA spreading in vertical and horizontal directions; Lcover = AD — coverage

length, taking into account FEA spreading in horizontal direction



79ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ/FIRE AND EXPLOSION SAFETY 2019 ÒÎÌ 28 ¹ 4

ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÛÅ ÑÈÑÒÅÌÛ È ÑÐÅÄÑÒÂÀ

c) coverage square area:

S Dcontact str� � � � �� � �AC BB1 4 42 sin ; (9)

� coverage area:

à) in angular coordinates:

� = � + �; (10)

b) in linear dimensions:

Lcover = ÀD = (ÀÑ + CD)Dstr �sin �; (11à)

at � < 45°:

Lcover  (� + �)R�57.3 !
! (� + " + �1 + �1)R�57.3;

(11b)

at � ! 45°:

Lcover  (� + �)R�57.3 !
! (� + " + �1 + �1 + �2 + �2)R�57.3;

(11c)

c) coverage square area:

Scover  Scontact + �Sh + �Sv =

� � �05. ( ) .S S Scontact h v� �BDD ÀDD A1 1 1

(12)

If fire area is beyond area ÀÂDÂ1À and angle 
 —

bigger than angle �, i. e. conditions (10)–(12) are not

fulfilled, the fire cannot be extinguished by static stream.

So to extinguish fire it is necessary to increase stream

diameter Dstr (as well as to increase flow rate to provide

coverage intensity) or use line scanning (by increasing

flow rate).

Similar rules are reasonable for static high-angled

stream.

If the protected area is covered with static high-

angled or frontal stream (without RFM scanning), cal-

culation of RFM flow rate required to extinguish fire is

simplified: coverage intensity and flow rate are taken

according to GOST R 51043–2002 and SP 5 [40]. While

also, the operating program shall provide quasi-constant

area of FEA contact spot with the protected surface (re-

gardless distance from RFM to the protected surface)

by adjusting the stream opening angle.

RFM flow rate Q (l�m2) for static frontal stream that

is supplied at angle to frontal surface or high-angled

stream shall be calculated as follows:

Q = KiScontact �sin � = KiScover , (13)

where K — flow rate ratio; K = 1,2�1,3;

i — rated coverage intensity according to SP 5 [40],

l�(sec·m2).

Contact spot area of stream with surface in a form of

full-circle at � = 90° shall be calculated as Scontact.c =

� �Dstr
2 4, in a form of ellipse at � $ 90° — as Scontact.e =

� � �Dstr
2 4( sin ).

As much as Scover increases when compared to

Scontact , as much FEA flow rate shall be increased. It is

necessary to take this factor into account when design-

ing the RFSS and when determining the distance between

RFM that are part of RFSS, and try to adjust the angle of

attack � of each RFM as high as possible.

Conclusions

In practice, static streams are not often used in RFSS.

However, the concepts introduced and the calculations

given are essential for scanning streams that are widely

used in RFSS directly for fire extinguishing, and they

will be mentioned in the next final chapter.

To be continued
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