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Abstract 

The dripping of molten thermoplastics is a widely observed phenomenon in cable and façade fire, where 

the large drips can often carry a blue chain flame during the free fall to ignite other flammable materials 

and escalate the fire hazard. This work simulated the flame evolution behind a falling thermoplastic 

drip with the DNS model and finite-rate flame chemistry. The accelerated free-fall of drip was modeled 

by fixing the position of drip, increasing the upward airflow, and setting a fuel jet on the top of the drip. 

Modeling reproduces the dripping flame and reveals the flame shedding to be a combination of a lifted 

flame and a vortex street, where the lifted flame caused by the gravity acceleration of drip is identified 

as the critical factor that governs the shedding formation. As the diameter of drip decreases, the falling 

drip becomes difficult in forming a stable shedding structure in the wake region, so that the dripping 

extinction occurs due to the dilution and cooling of airflow, agreeing well with the experimental 

observation. This work reveals the underlying mechanism of stabilizing the dripping flame and helps 

evaluate the fire risk and hazard of dripping phenomena. 
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1. Introduction

The phenomenon of dripping frequently occurs in electrical wire fires [1–5] and building façade

fires [6–8] (Fig. 1a). The burning of thermoplastic material can melt, flow, and drip under the combined 

effect of surface tension and gravity. Once detached from the parent fuel, molten drips often carry a 

flame during the free fall, i.e., the dripping flame, and show the potential to ignite the nearby 

combustibles. As the flame attached to the drip acts as the pilot and heat source for dripping ignition, 

whether the flame can stably attach to the falling drip plays a critical role in the risk and hazard degree 

of dripping fire [1]. Thus, it is of both scientific interest and practical importance to study the dynamics 

of dripping flame and understand its extinction [9].  

In the literature, dripping was generated by burning polymer slabs (e.g., the UL94 test [8, 10]) and 

wire insulations on metal tubes [1, 5, 11, 12] (Fig. 1b). The dripping ignitability correlates positively 

with both the drip size and dripping frequency [13], which are controlled by the material and external 

heating conditions [8, 10]. Several experiments explored the formation mechanism of thermoplastic 

drips in the wire fire under various wire configuration, oxygen concentration, and gravity levels [3, 14–

16], while other researchers numerically modeled the melting, flow, and detachment of drips [2, 17, 18]. 

However, few lights of research have been shed on the fire hazard of dripping flame and the critical 

conditions of flame stabilization on the drip that continuously accelerates during the free fall. It can be 
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expected that the acceleration of drip can lead to a relative motion between the drip and flame, which 

affects the stability of dripping flame. 

 

Fig. 1. (a) Dripping in façade fire, (b) the generation of a 2-mm polymer drip (Video S1), (c) dripping flame at 

60 fps (blue chain flame, Video S2) and 960 fps (flame shedding, Video S3), and (d) possible vortex shedding 

behind drip. 

In our previous work [1], the dripping flame was experimentally observed as a blue chain flame due 

to the persistence of vision (Fig. 1c), and the formation of dripping flame was hypothesized as a 

continuous ignition of the von Kármán vortex street (Fig. 1d), namely, the flame shedding. Such a 

shedding process was stable in the re-circulation zone of drip, even when it reached the terminal velocity 

of about 5 m/s. In addition, drips with a diameter smaller than 2 mm were found not able to hold a flame 

during the free fall, but the reason is still unclear. Considering the fast motion and tiny size of drip [1], 

it is very challenging in experiment to visually capture the detailed behaviors of dripping flame and 

explore the critical conditions for a drip to stabilize the flame. As the falling drip evolves in a complex 

and transient manner, it is different from the porous spherical gas burner in the constant upward flow 

[19, 20] where flame shedding was not observed between a stable wake flame and blow-off [21, 22]. 

Therefore, numerical simulation can be more effective in yielding insights into the evolution and 

dynamics of dripping flame. 

As a summary, this study aims to develop a numerical model to reproduce the evolution of dripping 

flame, including the initial ignition and the subsequent transition from the envelope flame to wake flame, 

and then, to flame shedding, and explore the critical conditions of extinction. Boundary conditions are 

carefully set to mimic the real dripping process. Critical parameters for triggering flame shedding and 

extinction are explored in detail. 

2. Numerical model 

2.1.  Geometric set-up 

This study uses the Fire Dynamics Simulator (FDS, version 6.6.0) to establish the model and its 

DNS solver to calculate the finite-rate flame chemistry, which is analogous to the existing study [23]. 

Considering that FDS is a rectangular Cartesian solver, a 2-D domain with a size of 48 mm × 70 mm is 

established to easily build a circular geometry (Fig. 2a) and save computational cost. A planar Cartesian 

coordinate (𝑥, 𝑦) is used to show the geometric position, where 𝑥 and 𝑦 stand for the horizontal and 

http://dx.doi.org/10.1007/s10494-021-00250-5
http://dx.doi.org/10.1007/s10494-021-00250-5


C. Xiong, X. Huang (2021) Numerical Modeling of Flame Shedding and Extinction behind a Falling 

Thermoplastic Drip, Flow, Turbulence and Combustion. doi: 10.1007/s10494-021-00250-5 

3 

 

vertical directions. The convergence study suggests that a uniform grid with the spatial resolution of ∆𝑙 

= 0.3 mm or smaller can resolve the flame with the 1-step finite-rate chemistry. To ensure the 

computational accuracy, a mesh with the resolution of ∆𝑙 = 0.1 mm is adopted with 480 transverse 

nodes from x = -24 to 24 mm, and 700 streamwise nodes from y = -10 to 60 mm, leading to a final node 

number of 3.36×105. 

 

Fig. 2. Schematics of (a) computational domain, (b) drip acceleration, and (c) flame shedding. 

A collapsing circular drip with the diameter ranging from 1 to 5 mm is used, referring to the drip 

size in the experiment (Figs. 1b-c) [13]. Because the falling polymer drips can only have a short lifetime 

(~ 1 s) [1], the drip sizes are kept constant during simulation. Moreover, several rectangles with a 

thickness of 0.1 mm are employed to approximate a circular geometry. In the model, the drip center 

coincides with the coordinate origin, and this configuration is the same as that used in our previous 

work [1]. The upgrade in this work is the use of 1-step finite-rate flame chemistry for the pyrolysis 

gases from the hot drip and the simulation of dripping flame. Parameters for the 1-step polymer flame 

chemistry include the pre-exponential factor 𝐴 = 1.2×1016 mol/cm3-s, the activation energy 𝐸𝑎 = 100 

kJ/mol, and the combustion heat ∆ℎ = 40 MJ/kg [23]. The temperature-related viscosity and diffusivity 

of ethylene are imposed on the fuel gas, which produces a Schmidt (Sc) number larger than 1 and is 

essential for stabilizing the flame [24, 25].  

2.2. The domain boundary 

The computational domain is bounded by four boundaries, including the bottom inflow boundary 

and other three open boundaries. To mimic the accelerated fall of a burning drip, the position of drip is 

fixed, and the bottom airflow (𝑉𝑎) is increased referring to the measured speed of drip from experiment 

[1]. For example, a 2-mm falling drip can reach a terminal velocity of 4 m/s within 0.7 s in balance with 

the air friction [1], so its variation 𝑉𝑎(𝑡) is simplified as a linear profile in Fig. 3(a), where the fall starts 

from 2.0 s and reaches the terminal velocity at 2.7 s, resulting in a Reynolds number of Re = 504 (see 
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in Appendix). To keep a continuous combustion reaction, the side boundary must be transparent to the 

ambient flow. Thus, ambient conditions (25 ℃, 1 atm) are imposed on the two sides (Fig. 2a), and the 

horizontal velocities are treated naturally as the solutions from the governing equations to allow for 

continuous air entrainment. For the outflow boundary, it may generate wave reflection when the hot gas 

flows across it and affect the results. As suggested by the FDS user guide [26], ambient conditions are 

imposed at the position y = 100 mm where the hot gas from the largest 5-mm drip can be cooled by the 

bottom inflow to the room temperature. The computational results in the region higher than y = 60 mm 

are out of importance and therefore not used in the analysis. 

 

Fig. 3. Time evolutions of (a) upward airflow velocity, (b) the fuel injection velocity, following the observed 

dripping flame structures at different stages, (c) fuel mass fraction in the top stream, and (d) overall fuel mass 

rate by a 2-mm drip, where red arrow denotes fuel stream and blue arrow denotes air gas. 

To pilot the flame, a hot igniter with a peak temperature of 1400 ℃ is placed in a single mesh that 

is 10 mm above the drip center and lasts for 0.7 s. Afterward, the igniter is removed, and the flame is 

required to stabilize itself under a constant bottom airflow of 𝑉𝑎 = 0.5 m/s before the fall starts (𝑡 = 2.0 

s, see Fig. 3a). This stage simulates the burning drip sustained on the parent fuel under the flame-

induced buoyant flow (Stage I in Fig. 1b). The initial computational domain is set to have an ambient 

temperature of 25 ℃ and pressure of 1 atm. The simulation time advances evenly at a short step of 1 

ms for chemical restraint. For modeling the dripping process of 8.0 s, each case requires nearly 10 days 

of the CPU-time by an MPI implementation with 13 threads. 
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2.3. The drip boundary 

In a moving frame based on the drip, the dripping flame under the upward airflow can be seen as a 

bluff-body stabilized flame [27, 28]. It was known that solely introducing combustion reaction into a 

bluff-body flow would increase the baroclinic torque and reduce the vorticity, so as to prevent the 

occurrence of vortex shedding [29]. Also, the flame shedding was not found in past experiments with 

spherical burners [19, 20], which means that solely increasing the bottom airflow would not trigger 

flame shedding. The close examination of the accelerated falling process in experiment [1] indicates 

that an acceleration-induced fuel injection velocity (𝑉𝑓) should be set on the top surface of the drip 

during the fall. There are two reasons for setting this velocity boundary: (1) due to the acceleration of 

drip, there is a relative velocity between the drip and the fuel stream behind (Fig. 2b), and (2) the flame 

shedding is similar to a lifted jet flame (Fig. 1c). 

The variation of 𝑉𝑓 in the model is set to be consistent with the real dripping behavior. Reexamining 

the formation of a 2-mm drip from the burning polyethylene (PE) wire in Fig. 1(b). Initially, the drip is 

suspended on the parent fuel since its gravity (𝑚𝑔) equals to its surface tension force (𝜎𝜋𝐷∗). As heated 

by the flame, the surface tension of drip decreases, so that gravity drags the drip downward where the 

net force on drip is  

𝐹𝑛𝑒𝑡 = 𝑚𝑔 − 𝜎𝜋𝐷∗ − 𝑓𝑎 = 𝑚𝑎                                                                  (1) 

where 𝐷∗ is the diameter of the drip tail and 𝑓𝑎 is the air friction which increases with dripping velocity. 

Thus, at the moment of detachment (∆𝑡 = 0.1 s in Fig. 1b) or the start of fall, 𝑓𝑎 is small under a low 

velocity, and the drip tail is rapidly burnout (𝐷∗ → 0), so that the acceleration of drip (𝑎) is tending to 

its peak 𝑔. To mimic such a detaching process with the intensive burning of drip tail in the model, the 

acceleration-induced fuel injection velocity (𝑉𝑓 ≈ 𝑎∆𝑡) is increased to a peak value within 0.1 s, whose 

value is given by the von Kármán model [30] in the Appendix. Once the drip starts to fall, 𝑉𝑓 is set to 

decay slowly because of the increasing in air friction, as shown in Fig. 3(b), and this decay needs to 

meet the mass conservation of the fuel stream discussed below. 

2.4. The extinction parameters 

There are two possible causes for flame extinction in small drips (𝐷 < 2 mm) in the experiment [1],  

(1) Flame instability: the dripping flame was found not be able to catch up with small drips during 

the free fall [1], which leads to the fuel dilution by air and invites extinction; and  

(2) Cooling effect: smaller drip experiences larger convective cooling from air during the fall, but 

the convective heating from flame may also increase.  

In either case, the mass flow rate of the fuel gas released from hop drip can be defined as the factor 

that pays major contribution to the dripping extinction. In Figs. 3(c-d), different arrows were used to 

show the fuel stream or airflow at different dripping stages. For instance, a 2-mm drip is initially 

assumed to release pure ethylene gas at a fixed temperature of 400 ℃ (i.e., the pyrolysis point of 

polyethylene) with a constant mass rate of �̇�  = 0.92 mg/s. This value is given by the B-number 

(Spalding mass transfer number) of the stationary burning polymer [31, 32] and is far away from its 

extinction limit. As this drip develops to the detachment stage, a sudden increase in flame intensity by 

the burning of drip tail (Fig. 1b) is performed by a sharp increase in the fuel mass rate, which follows 

the variation of the fuel injection velocity (𝑉𝑓) and is given by 𝜌𝑉𝑓𝑆𝑡𝑜𝑝. Here 𝜌 = 1.83 kg/m3 is the 
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density of ethylene gas and 𝑆𝑡𝑜𝑝 = 3.14 mm2 denotes the top surface area of a 2-mm drip (Fig. 2a, one 

quarter of the whole spherical area).  

Once the dripping starts, the abovementioned two causes for flame extinction start to work. As the 

drip accelerates to fall, the fuel stream released by drip starts to mix with environmental air due to 

entrainment, represented by the decreasing fuel mass fraction 𝑌𝑓 from drip, seen in Fig. 3(c). Besides, 

to mimic the convective cooling during free fall, the fuel amount released from the lateral and bottom 

sides of drip is gradually decreased to zero. As a result, there is a whole decline of the fuel mass flow 

rate by drip during the accelerated falling stage in Fig. 3(d) and, eventually, only the drip top surface, 

which is continuously heated by the dripping flame above, can produce fuel gas at the terminal stage. 

To ensure the conservation of mass, the fuel mass flow rate at the terminal-velocity stage is a quarter of 

that at the initial stage, governed by both the decreasing in 𝑉𝑓 and 𝑌𝑓 in Figs. (3b-c). 

3. Results and discussions 

Since the dripping flame is attached to a fuel drip that moves fast (~ 4 m/s) with a short lifetime (~ 

1 s), there is difficulty in experimentally measuring the flame temperature or velocity field for model 

verification. Thus, two dripping-related variables measured in our previous experiment [1] are used to 

verify the model: 1) the dripping flame shedding frequency, and 2) the dripping extinction time. 

Comparisons between the simulations and experiments will be given when analyzing the modeled data.  

2.5. Critical conditions for flame shedding 

A non-reactive base case, i.e., a 2-mm spherical drip falling at a constant terminal velocity of 4 m/s, 

is first simulated without the flame chemistry. Without the gravity-induced acceleration, the entire 

sphere adopts a pure Stefan fuel flow of 0.92 mg/s at 400 ℃, in the absence of any acceleration-

introduced fuel injection (𝑉𝑓 = 0 m/s). Figure 4(a) shows the temperature contour (℃) of the base case 

after the flow is stabilized. As expected, a classical non-reactive von Kármán vortex street is observed 

under a shedding frequency of 615 Hz. 

 

Fig. 4. (a) Non-reactive base case for 2-mm drip under the upward airflow of 4 m/s (Video S4), (b) reactive base 

with finite-rate flame chemistry (Video S5), compared with the wake flame in [19], and (c) flame shape varying 

with fuel injection velocity (Video S6). 
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Another reactive base case with the same drip size, upward airflow, and fuel mass flux is also 

simulated, where the 1-step infinite-rate flame chemistry and igniter are both included. Figure 4(b) 

shows the temperature (℃) and heat release rate (HRR, kW/m3) contours for this reactive base. 

Different from the non-reactive one in Fig. 4(a), the vortex street does not occur with flame. Instead, a 

stable diffusion flame is observed in the wake region, which essentially reproduces the past experiment 

of a porous spherical gas burner in the constant upward flow [19, 20]. Further increasing the bottom 

airflow (𝑉𝑎) will reduce the flame width, and eventually, blow-off occurs at 𝑉𝑎  = 0.8 m/s, but the flame 

shedding never occurs, showing similarity to the experiments in [19, 20].  

Then, the accelerated fall is simulated over a wide range of fuel injection velocities (𝑉𝑓 = 0.2 ~ 0.5 

m/s). Figure 4(c) shows the instantaneous flame structure represented by the contour of HRR. At a small 

fuel injection velocity of 𝑉𝑓 = 0.2 m/s, a stable and laminar wake flame is observed, which is essentially 

a classical Burke-Schumann diffusion flame, and it is similar to the base case in Fig. 4(b) except for a 

long tail. As 𝑉𝑓  increases to 0.3 m/s, enhanced vortex structure can be observed with fluctuations 

propagating in the streamwise direction, indicating the occurrence of flame shedding. In other words, 

there is a lower threshold of 𝑉𝑓 ≈ 0.25 m/s for triggering flame shedding on a 2-mm drip. Further 

increasing 𝑉𝑓 to 0.5 m/s, the process of flame shedding persists and becomes more stable, agreeing with 

experimental observation in Fig. 1(c) and Videos S3.  

Figure 5 summarized the critical values of 𝑉𝑓 for triggering the flame shedding under different drip 

sizes. For a fair comparison and a generalized discussion, the 𝑉𝑎 used here behaves in the same law as 

Fig. 3(a), and a characteristic length 𝐿𝑐  = 1 m and a characteristic velocity 𝑉𝑐  = 1 m/s are used for a non-

dimensional analysis. As the drip size decreases, a larger fuel injection velocity (𝑉𝑓 or a larger drip 

acceleration) is required to form the flame shedding, which follows the feature of von Kármán vortices 

[30]. In other words, there is a reluctance for small drips to develop to the shedding structures. Thus, 

for small drips (𝐷 < 2 mm), the failure of initiating the flame shedding will affect the flame attachment 

to drip and invite extinction in the early stage of dripping, which was also observed in the experiment 

[1]. For tiny drips (𝐷 < 0.63 mm), they will float up by the flame-introduced buoyancy [1], so not 

modeled here. 

 

Fig. 5. Dependence of the minimum fuel injection velocity for triggering flame shedding on drip size. 
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3.1. Evolution of dripping structure 

Figure 6 further shows the detailed evolution of the dripping flame from ignition to wake flame, 

and then to a lifted flame at the detaching moment, and eventually to the flame shedding, which gives 

a close agreement with the experimental observation. The modeling result confirms that the 

acceleration-induced fuel injection is a critical condition for forming stable flame shedding, despite a 

simplified 2-D model is adopted. Note that for a real 3-D spherical drip, the formation of vortex street 

should be easier than the 2-D case due to the vorticity dissipation in the additional dimension [33], 

which would occur under a lower critical Re number. 

Figure 7 presents the modeled flame shedding frequencies of a 2-mm drip under different dripping 

velocities. To verify the model, the flame shedding frequencies obtained from dripping experiments [1] 

are also given. The characteristic parameters 𝐿𝑐  = 1 m and 𝑉𝑐  = 1 m/s are again used for non-

dimensionalizing. Essentially, a good agreement between simulation and experiment is achieved. The 

slight discrepancy between the modeled and experimental frequencies can be attributed to the lack of 

one dimension in a 2-D configuration, which weakens the dissipations of vortices and leads to a higher 

frequency. It can be seen that the normal vortex shedding frequencies obtained by simulating non-

reactive drips are also compared, which allows for concluding that the behavior of vortex shedding is 

more sensitive to the dripping velocity, rather than flame chemistry.  

 

Fig. 6. The modeled evolution of dripping flame (Video S7) compared with the experiment. 

3.2. Critical condition for dripping extinction 

A typical flame extinction process of a 2-mm PE drip was shown in Fig. 8(a). During extinction, a 

stream of white smoke is continuously formed behind the drip and essentially follows the falling 

trajectory. This smoke is mainly the condensed fuel vapor (pyrolysis gases) from the drip, because little 

smoke is observed if the flame can attach to the drip. Thus, even though the cooling effect is strong 

during the fall, which could last for 0.9 s for a fall height of 2.6 m [1], the drip is still above the pyrolysis 

point to pyrolyze sufficient combustible gases. The top hemisphere, which receives more heating from 

the flame in the wake region, must be the critical zone for stabilizing the flame. 
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Fig. 7. Dimensionless dependence of flame shedding frequency on dripping velocity, where the vortex shedding 

frequency of non-reacting drip is also given. 

Successfully modeling the flame shedding in Section 3.1 has paved the way for further investigating 

the extinction process of dripping flame. Figure 8(b) shows the modeled extinction process of a 2-mm 

drip, where the flame evolves in the same way as that observed in experiment within 60 ms before 

extinction. Here, the extinction boundary in Fig. 3(c-d) are applied after the moment of detachment (𝑡 

= 2.1 s), that is, additional air is mixed into the fuel injection stream to mimic the air dilution in the real 

falling process (Fig. 3c), and the overall fuel mass flux is decreased to mimic the effect of air cooling 

(Fig. 3d). Note that in the absence of the shedding boundary (𝑉𝑓), the model can only simulate the 

extinction process (or the blow-off) of a wake flame, similar to the past experiments in [19, 20], rather 

than the extinction of flame shedding.  

 

Fig. 8. (a) Snapshots of the extinction process of a 2-mm drip, and (b) modeled extinction process of dripping 

flame. 

As the fuel mass fraction and flow continues to decrease from 2.1 to 2.7 s in Fig. 8(b), the flame-

shedding process becomes weaker, but the flame can still be stabilized less than 5 mm above the drip 

and continue to heat the drip. It was noticed that if the polymer drip continues to release pure fuel gas, 

the flame shedding will persist indefinitely (Fig. 4c). After 2.7 s, flame shedding becomes destabilized 
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and moves upward until it reaches the up boundary of the monitored domain, i.e., extinction. Such a 

phenomenon was observed in the experiment (Fig. 8a), where the flame appears not able to catch up 

with the drip and the distance between flame and drip becomes larger. Also, the simulated extinction 

duration shows consistency with the experimental value. 

To further explore the critical fuel boundary condition for triggering dripping extinction, both the 

shedding and extinction boundaries in Figs. 3(b-d) were varied in a large range, leading to an overall 

variation in the mass flux of fuel gas released by drip. Note that the bottom airflow (𝑉𝑎 or fall velocity) 

used here changes with the drip size following [1], so that the modeled results in Fig. 9(a) represent the 

response of drip behavior to the variation of fuel flux by drip at different drip sizes. Also, a characteristic 

mass flux of 1 g/m2-s is used for a dimensionless discussion. If the fuel mass flux released from the drip 

is too low, the initial ignition will not be achieved. Therefore, an ignition threshold of fuel mass flux 

can be first identified, below which the flame cannot be self-sustained after removing the igniter.  

Increasing the fuel mass flux above the ignition limit, the flame shedding will first be initiated in a 

lower fall velocity (𝑉𝑎), but eventually, the extinction of flame shedding occurs during the fall under 

the extinction boundary conditions. Further increasing the fuel mass flux, a stable flame shedding will 

be achieved even when the drip reaches its terminal falling velocity, which is consistent with the 

experiment [1]. Accordingly, there is another extinction threshold for drip to carry the shedding 

structure stably, as also summarized in Fig. 9(a). Moreover, it is found that the increase in drip size 

leads to a reduction of ignition threshold. In other words, for larger drip, not only is it easier to ignite 

the fuel stream behind, but the flame shedding behind is more stable during the fall, which successfully 

explains why in experiment, the flame extinction always occurs when the drip size is smaller than 1.8 

mm, and the probability of stable flame shedding increases to 70% as drip size increases to 2.6 mm [1].  

 

Fig. 9. (a) Dependence of the critical fuel mass flux for triggering dripping extinction on the drip size, and (b) 

dependence of Nusselt number, air cooling, and flame heating on the drip size at the terminal dripping stage. 

In the early stage of dripping, when the flame is still close to the drip, the environmental cooling 

should not be the major factor for early extinction. Thus, the early-stage flame extinction is attributed 

to a failed formation of flame shedding where the flame cannot catch up with the drip, rather than the 

cooling. The cooling of airflow should be more important in the later fast-moving dripping stage. Figure 

9(b) shows the modeled Nusselt number [34], air cooling, and flame heating as a function of drip size 

when the drip falls with the maximum terminal velocity. All data are non-dimensionalized by a 
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characteristic conduction coefficient 1 kW/m-k and a characteristic heat flux 1 kW/m2. The inverse 

correlation between the convection coefficient and drip size indicates a faster heat transfer for smaller 

drip, which supports the above argument. Nevertheless, the convective heating of flame also increases 

with the decreasing drip diameter that effectively compensates the cooling of air, which partially 

explains why the dripping flame is quite stable for large drips, as long as a flame shedding structure is 

initiated. Note that to fully simulate the effect of air cooling and flame heating, the temperature and the 

finite-rate pyrolysis of drip should be included, which will be performed in future work. 

4. Conclusions 

In this work, the dripping flame was simulated by the DNS solver and 1-step finite-rate chemistry 

in FDS. Modeling results successfully reproduce the entire process of ignition, wake flame, and flame 

shedding, despite only a 2-D model is used. Analysis reveals that the gravity acceleration of drip 

initiates a fuel jet to form a lifted flame, which plays a critical role in the formation of flame shedding. 

Fundamentally, the flame shedding (or the observed blue-chain flame) is a combination of lifted flame 

and vortex street. For large drips, the flame shedding can be more easily initiated with a lower 

acceleration-introduced fuel injection velocity.  

Modeling also reproduces the dripping extinction process caused by the dilution and cooling of air. 

As the diameter of the drip decreases, the dripping flame becomes more difficult to stabilize the 

shedding structure in the wake region, and the environmental cooling also increases to promote flame 

extinction, agreeing with the experimental observation. This work reveals the underlying mechanism 

of stabilizing the dripping flame and helps evaluate the risk and hazard of fire dripping phenomena. 

Future work should be conducted in more sophisticated numerical model with the finite-rate pyrolysis 

chemistry to quantify the real-time temperature evolution and pyrolysis rate of drip.   
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Appendix 

Given that 𝜂 = 𝐿𝑘/𝐷, a cylinder bluff body flow [30] follows: 

𝑆𝑡
2𝜂3 + 0.529𝑆𝑡𝜂2 − 1.528𝜂 + 1.592 (𝐶𝐷 −

4

√𝑅𝑒
) = 0                                           (𝐴1)  

where 𝐿𝑘 is the distance between two successive vortices of the vortex street, 𝐷 is the drip diameter, St 

is the Strouhal number and 𝐶𝐷 is the drag coefficient. For the current regime, 𝑆𝑡 = 0.21 and 𝐶𝐷 = 1.05 

[30]. As 𝐷  changes from 1 to 5 mm, the Reynolds number Re= 𝑉𝑎𝑡 ∙ 𝐷/𝑣 , where 𝑉𝑎𝑡  denotes the 

maximum airflow velocity and 𝑣 = 15.89×10-6 N⸱s/m2 is the kinetic viscosity of air at 300 K, varies 

from 252 to 1260. Thus, the fuel injection velocities 𝑉𝑓 ≈ 𝑎∆𝑡 = √2𝑔𝐿𝑘 are 0.28, 0.4, 0.49, 0.56 and 

0.63 m/s, respectively. 
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